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SUMMARY

The results of a two-year research project into burley
tobacco are reported and discussed. Threeirrigation levels
(40, 80 and 120% restitution of evapotranspiration (ET))
were factorially combined with four levels of nitrogen
fertilisation (0, 80, 160 and 240 kg ha'%). L eaf area, leaf and
stem dry matter and root devel opment were measured. We
monitored the water status of the 0-90 cm soil layer, the
plants and stomatal resistance. Relationswere also studied
between leaf turgor pressure and plant growth, between the
irrigation regime and plant water status, and between root
and shoot development. Finaly, water use efficiency
(WUE) and quality and quantity of cured leavesyieldswere
evaluated. Nitrogen fertilisation did not affect plant water
status, although it promoted plant growth, both in terms of
leaf areaand leaf and stem dry matter, and induced ayield
increase in quantity and quality. Our trial showed little
interaction between nitrogen fertilization level and water
regime. Under such agronomic condition, the margins for
increasing plant growth with nitrogen fertilization are
limited, whichiswhy application of nitrogenratesin excess
of 160 kg ha* appear inadvisable. The difference in irri-
gation volumes led to a different soil water content which
affected plant water status, stomatal functioning, plant
growth, both in the roots and shoots, yield and quality of
the cured leaves. The latter did not vary with the increase
in water volume, while yield increased. Water use effi-
ciency increased as the irrigation volume decreased and
varied during the cropping cycle, increasing until early
bloom, then decreasing. Relations between leaf turgor
pressure and plant growth highlighted the different re-
sponse of plants subjected to water stress compared with
non-stressed plants. [Beitr. Tabakforsch. Int. 21 (2004)
223-233]

*Received: 26" February 2004 — accepted: 1% August 2004

ZUSAMMENFASSUNG

DieErgebnisseeineszweijahrigen Forschungsprojektes ber
Burley Tabak werden prasentiert und diskutiert. Die Bewés-
serungsmenge (40, 80 oder 120% Wiederherstellung der
Evapotranspiration (ET)) wurde mit vier verschiedenen
Stickstoffdiinger-K onzentrationen (8, 80, 160 und 240 kg
ha) kombiniert. Die Blattflache, das Trockengewicht von
Blatt und Stengel sowie die Wurzelentwicklung wurden
gemessen. Der Wasserstatus der 0-90 cm unter der Oberfl&
cheliegenden Bodenschichten, die Pflanzen und der Stoma-
tawiderstand wurden ebenfalls untersucht. Die Beziehungen
zwischen dem Turgordruck im Blatt und dem Pflanzen-
wachstum, zwischen Bewésserungsform und Wasserstatus
der Pflanzen sowie zwischen Entwicklung von Wurzel und
Spross wurden ebenfalls untersucht. Schliefdlich wurden die
Wassernutzungseffizienz (WUE) sowieQualitat und Quanti-
tdt des Ertrages der getrockneten Blétter evauiert. Die
Stickstoffdiingung hatte keine Auswirkung auf den Wasser-
status der Pflanze, das Wachstum der Pflanzen wurdejedoch
sowohl in Bezug auf die Blattflache a's auch auf die Tro-
ckensubstanz von Blatt und Stengel geftrdert und fuhrte zur
qualitativen und quantitativen Ertragsverbesserung. Unsere
Studie zeigte eine geringe Wechselwirkung zwischen der
Hohe der Stickstoffdiingung und Bewésserungsform. Unter
diesen agronomi schen Bedingungen sind die Mdglichkeiten
begrenzt, das Pflanzenwachstum durch Stickstoffdiingung zu
fordern, deshalb erscheint eine Stickstoffdiingung mit mehr
as 160 kg ha™ nicht ratsam. Die verschiedenen Bewas-
serungsmengen fihrten zu einem unterschiedlichen Wasser-
gehalt im Boden, der den Wasserstatus der Pflanze, die
Stomatafunktionen, das Pflanzenwachstum sowohl in der
Wurzel als auch im Spross sowie Ertrag und Qudlitét der
getrockneten Blétter beeinflusste. Die Qualitét veranderte
sich durch vermehrte Bewasserung nicht, der Ertrag nahm
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jedoch zu. Die Wassernutzungseffizienz erhéhte sich bei
verringerter Bewasserung und verdnderte sich im Vegeta
tionszyklus; sie nahm bis zur frithen Bl iite zu und danach ab.
Der Zusammenhang zwischen dem Turgordruck im Blatt und
dem Pflanzenwachstum verdeutlichte die verschiedenen
Resaktionen der Pflanzen auf Wasserstress im Vergleich zu
Pflanzen, die keinem Stress unterlagen. [Beitr. Tabakforsch.
Int. 21 (2004) 223-233]

RESUME

Les résultats d’ une étude menée au cours de deux années
sur letabac Burley sont présentéset discutés. Troisniveaux
d'irrigation (40, 80 et 120% de récupération de I’ évapo-
ration (ET)) ont été combinés avec quatre niveaux de
fertilisation azotée (0, 80, 160 et 240 kg ha™). La surface
foliaire, lamatiére séche dans les feuilles et lestiges ainsi
que le développement des racines ont été examinés. L’ état
hydrique de la couche de sol de 0 290 cm, lesplantes et la
résistance stomatal e ont été contrdl és. Lesrelationsentrela
turgescence de lafeuille et la croissance de la plante, entre
lerégimed'irrigation et |’ état hydriquedelaplante, et entre
le développement de laracine et latige ont également été
examinées. De plus, I'efficacité de I'utilisation de I'eau
(WUE), laqualité et la quantité ainsi que le rendement en
feuilles séchées ont été évalués. Lafertilisation azotée n'a
pas affecté I'état hydrique de la plante, bien qu'il ait
stimulé la croissance de la plante, du point de vue de la
surface foliaire et la matiére séche dans les feuilles et les
tiges, et ainduit une augmentation qualitative et quantita-
tive du rendement. Nos essais ont révélé peu d’'interaction
entreletaux defertilisation azotée et lerégimed’irrigation.
De telles conditions agronomiques n'offrent que des
margestresrestreintesd’ une augmentation delacroissance
de laplante par une fertilisation azotée, ainsi |’ application
destaux d’ azote de plus de 160 kg ha™ semble étre défavo-
rable. Les différents volumes d'irrigation induisent une
teneur hydrique différente du sol, affectant I’ état hydrique
delaplante, lafonction stomatale, lacroissancedelaplante
danslaracineet latige, ainsi quelerendement et laqualité
desfeuilles séchées. Laqualité ne varie pas en fonction de
I’irrigation, cependant plusd’ irrigationinduit un rendement
accru. L’ efficacité de I' utilisation de |’ eau augmente avec
une réduction du volume d'irrigation et varie au cours du
cycle de culture, augmentant jusqu’ au début de floraison et
diminuant apres. Les relations entre la turgescence des
feuilles et la croissance de la plante révélent les réactions
différentes des plantes soumises au stress hydrique compa-
réesaux plantes non exposéesauneprivation d’ eau. [Beitr.
Tabakforsch. Int. 223-233]

INTRODUCTION

Tobacco is particularly sensitive to agronomic practices,
especialy irrigation and fertilisation, given their effect on
plant growth, yield and the commercial value of the cured
product. Irrigationisnot alwaysapplied rationally, in some
cases leading to waste (it is currently believed that in the
world about two-thirds of available water is used for
agriculture) and often yield quality reductions. However, if

224

used soundly irrigation is an effective means to achieve
good levels of quantity and quality of cured leaf. Thisis
partly in response to more recent agricultural trends that
cal for a sustainable redefinition of current cropping
systems. Water is not only the main component of plant
tissues but is also the vehicle of mineral absorption and is
presentin all biochemical, physical and cell wall processes
that occur in the plant. It is therefore clear that the more or
less ample availability of this substance is able to greatly
affect both leaf structural characteristics, and the presence
and concentration therein of chemical components which
characteriseitsintrinsic qualities.

Much research has addressed the analysis of growth,
especially the basic input which regulatesthis process with
the involvement of many physiological parameters such as
water potential and its gradients (5,8,28,29,30,31), therole
of cell turgor (21,22,46), cell wall extensibility, characteris-
tics and conductivity (9,14,15,16,38), hormones including
abscisic acid (ABA) (10,42) and the relations between
transpiration and growth (19). Other research hasexamined
the water factor for production purposes, especialy the
definition of volumes, techniques and the most appropriate
timesfor irrigation (20,33,34,45).

Tobacco is sensitive to soil fertility conditions, whose
variations may affect production and the technological
properties of the product (24). It has been observed that
absorption of nutritive elements follows the pattern of
growth, and hence they must be sufficiently available
especialy in periods prior to and following anthesis.
During thisperiod, absorption of each element isabout two
third of the total present at the end of the cropping season
(3,23), with differences in some varieties and different
relations in the various phases of the biological cycle.

Of the mineral nutrients, nitrogen is definitely the element
that most affects plant growth and conditions product
quality (1,7,13,25,26). Given the strict relation between
nitrogen fertilisation and irrigation, research has been
carried out to determine the joint action of the two factors
on development and cropyield (39), althoughlittleresearch
has been devoted to examining the influence of theirriga-
tion level on plant water status. Nutrient availability and —
to a lesser extent — the reduction in growth processes
induced by agronomic factors also remain relatively
unexplored.

Inthelight of factorsthat regulate the complex physiol ogi-
cal reactions typically found in different plants, and the
important function played by water and nutrients in the
production and features of the cured product, this research
aims to evaluate the effect of different water regimes and
nitrogen fertilisation rates upon plant water status, plant
growth and burley tobacco cured leaf production..

MATERIAL AND METHODS

Research was conducted in the two years, 2001-2002, at
Scafati (southern Italy) in the plot of the Tobacco Experi-
mental Institute on a volcanic soil, with a tobacco crop
grown the previous year. Soil physica and chemical
properties are reported in Table 1.

The experiment involved a factorial comparison between
threewater regimesand four nitrogen fertilisation levels. A
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Table 1. Soil physical and chemical characteristics

Soil properties Values
Sand 70.5%
Loam 18.6%
Clay 10.9%
Lime 9.6%
Organic matter 1.8%
Total nitrogen 0.1%
Nitrate 15 ppm
Ammonium 27 ppm
P,O, available (Olsen method) 95 ppm
K,O exchangeable (ammonium acetate method) 540 ppm
Field capacity 22.9% Dw @
Wilting point 10.9% Dw 2
Bulk density 1.38¢t°
Electric conductivity 0.22 dSm™
pH 8
DW = dry weight.
20 35
N Rain 2001
[ Rain 2002
80 = A, 2001 30
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Figure 1. Climatic conditions during the two growing seasons

split-plot experimental design was adopted with three
replications, assigning the irrigation treatment to the main
plotsand nitrogen fertilisation level sto the elementary plot,
with a surface area of 73 m? Cultivar TN 86, a burley
tobacco from the USA, was used for the trial.

Water regimeswere applied on aweekly basis, by means of
lateral infiltration from furrows, with 40, 80 and 120%
restitution of evapotranspiration (ET). This was estimated
by class “A” pan evaporation adjusted by applying a pan
coefficient of 0.8 and crop coefficients of 0.4 (from trans-
planting to early growth), 0.7 (from early growth to early
bloom) and 1 (from the latter phase to harvest) (12).
Nitrogen was applied after transplanting to the surface at 0,
80, 160 and 240 kg ha * in the form of ammonium nitrate.
Phosphorus and potassium fertilisation were added during
soil preparation, distributing to al the treatments 120 kg
ha* of P,O; and 80 kg ha* of K,0.

In 2001 transplanting was done on 3 and 4 May, and 12 days
later in 2002. In both years rows were spaced 0.90 m apart,
with plants arranged every 0.35 m on the row. The sub-
sequent farming technique was that normally used in the
zonefor tobacco. Parasite control was carried out according
to necessity throughout the crop cycle and up to the flower-

ing phase. Half of each elementary plot was used for obser-
vations of plant growth through weekly sampling, from the
20th to the 90th day after transplanting (DAT), until topping.
Samples were taken at random on sections of rows not
disturbed by previous sampling. These plants were used to
record leaf number and area, as well as dry weight after
oven-drying at 105 °C, separately for leaves and stems. L eaf
area was measured with a Licor 3100 area meter electronic
integrator. Prior to destructive sampling the same plant was
used to determine water status (drawing a small leaf disk
tissue), stomatal resistance and soil water status. Plant water
status was monitored by measuring leaf water potential inits
components: total, osmotic and turgor pressure. The mea-
surements were made with atype “B” psychrometer (41), at
29 °C, following the isopiestic technique of BoYErR and
KNIPLING (6). Osmoatic potentia was measured on the same
leaves used for total potential, after freezing at -30 *C and
with the same technique, while turgor pressure was obtained
through the difference between total water potential and
osmotic potential, holding the matrix component to be zero
(17). Samples were taken at mid-day from leaves that were
hedlthy, young, well-formed and well-exposed to sunlight,
and the measurements were done soon after.

Stomatal resistance was monitored on aweekly basiswith a
AT AP34 porometer (Delta-T-Cambridge, UK) at 7:30 hand
12:00 h on leaves of the same type used for water potential.
Soil water status was monitored on aweekly basisby gravi-
metrically measuring moisture at 30 cmintervalsto 90 cm of
depth, prior to irrigation, taking core samples between the
rows at about 20 cm from the plant.

Moreover, development of the root system was measured in
length, for the 0-90 cm layer, every 2 weeks from day 23
after transplanting, with the Newmann method (27), and ex-
pressed as root density (cm cm®). The roots were separated
from soil by washing and filtration on a 0.2 mm mesh, after
treatment with Cal gon (85% sodium hexametaphosphate and
15% sodium carbonate, all a 10%), and shaken. Measure-
ments were done on three 30 cm increments to the 90 cm
depth.

On the other half of the elementary plot, the plants were
topped during bloom at such a height as to retain at least
23-24 usable leaves. After about 18 days the whole plant
was harvested and leaves were subjected to air curing, on
stalk, in appropriate rooms. At the end of curing, leaf
production was determined, converted to standard 19%
moisture. The yield was examined separately by trial plot
and the leaves were picked in four classes A, B, C and not
classified according to physical appearance, such as leaf
size, colour, texture and integrity. Data were subjected to
analysisof variance (ANOV A) and differencesbetween the
means were evaluated with the least significant difference
(LSD) test.

RESULTS
Climate pattern

Figure 1 summarizes the pattern of rainfall, maximum and
minimum temperature and class A, pan evaporation for
April to August, for both years. Mean decadal tempera-
tures, both maximum and especially minimum, were higher
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Figure 2. Soil water content during the two growing seasons
for the three water regimes. Values are the mean of 36
replications + standard error or the mean.

Table 2. Values of total (W,) and osmotic (W,) leaf water
potential for the two years and the three irrigation levels.
Values are averages throughout the growing period.

W, (MPa) W (MPa)
Water regime 2001 2002 2001 2002
40% ET -1.41 -1.35 -1.73 -1.67
80% ET -1.35 -1.16 -1.84 -1.64
120% ET -1.33 -1.07 -1.87 -1.63
LSD P =0.05 0.04 0.06 0.05 n.s.?

#n.s. = not significant.

than the corresponding historical means from 18962000,
whilst still being suitable for crop production.

Of the two trial years, the first experienced higher mini-
mum and maximum temperatures in May, and lower
values, though only for minimum temperatures, in the
remaining period of June to August.

Rainfall was much higher in 2002 (334 mm) than in the
previous year (132 mm). In 2001 the rain was chiefly con-
centrated in April and early May, prior to transplanting,
while during the crop cycle rainfal was fairly low, aso
compared with the long-term mean (102 mm) (2), in total
23.2 mm, with two events of a certain significance, though
they failed to exceed 10 mm. In 2002 rainfall was aso
better distributed, with only two dry decades during crop
development: the first and the second decades of July.
The samefigure showsthat evaporation fromaclassAeva
porimeter differed in the two years: cumulative values for
thewhole vegetative period were 624 and 579 mm, respec-
tively for the first and second trial year. Compared to the
mean for the period 1980-2000, in 2001 ET demand
exceeded 57 mm.

Soil moisture
Figure 2 summarizes the time course of average soil

moi sture throughout the 0-90 cm profile, and the nitrogen
fertiliser treatments, for the three irrigated treatments and
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the two years. In 2002, given the higher rainfall, moisture
levels were higher than in the previous year, and to a
greater extent in the second part of the cycle (July to the
first ten days of August), with apeak on 18 July coinciding
with severa rainfall events (33.3 mm) which occurred on
the days prior to measurement. Ingeneral, during thecycle,
soil moisture followed a decreasing trend for al three
irrigation treatments, especially inthefirst half of thecycle
and in the treatment with 40% restitution of ET. By con-
trast, in the other two treatments (80 and 120% ET) in the
second phase of the cycle, moisture stayed fairly constant.
Thispattern was observed first inthe 0-30 cm surfacelayer
and later inthe deeper layers (datanot reported). Asregards
the level of nitrogen fertilisation, the average across the
profile showed no satistically significant differences
betweenthetreatments. Only inthetreatment irrigated with
40% restitution of ET wasdlightly higher moisturenoted in
the non-fertilised treatment (data not reported).

Crop water availability

The irrigation volumes supplied, respectively for the three
trestments (40, 80 and 120% ET), amounted to 110, 220 and
330 mmin 2001 and 89, 166 and 243 mmin 2002, whilethe
quantity of water extracted fromthesail, cal culated by means
of the hydrological balance, was respectively 70, 44 and 48
mm in 2001 and 56, 40 and 15 mm in 2002. In all, adding
rainfall to the above, water availability was 203, 287 and 401
mm in 2001 and 305, 366 and 418 mm in 2002.

Plant water status

Mean total water potential (¥,) and leaf osmotic potentia
(?,), for the three irrigation treatments and for the whole
period in question, are reported in Table 2. In 2002 both
values were dlightly higher than in 2001. In both yearsin
the 40% irrigation treatment total potential waslower than
that of the other two treatments. The same differenceswere
also observed with the osmotic potential which, however,
in 2002 showed no difference between the treatments.
During the cycle ¥, and ¥, decreased in the 40% treat-
ment, while they appeared to be constant in the other two
treatments after an initial reduction (data not reported).
Turgor pressure (V) (Figure 3), on average, did not appear
different in the two years, although it differed in the three
treatments: turgor pressure values tended to decrease with
the reduction in water volume supplied. For treatments 80
and 120% ET the differences were not great for either
years, but ¥, tended to increase during the growing season.
In the 40% ET treatment ¥, decreased during the season.
Fertilisation resulted in no significant differencesin plant
water status throughout the cycle.

Somatal resistance

Thetime course of stomatal resistance (Figure 4), reported
as the average of the two measurements made during the
day, was affected in the course of the cycle by variationsin
climatic conditions, especialy in 2002, with reductions
coinciding with wetter periods. However, on average no
significant differences were observed between the two
years. Treatment 40% ET showed higher values than treat-
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Figure 4. Stomatal resistance during thetwo growing seasons
for the three water regimes. Values are the mean of 12
replications + standard error or the mean.

ment 120% and, in 2001 it al so exceeded those of treatment
80%, which in 2002 had a stomatal resistance similar to
120%. No statistically significant response were observed
for nitrogen fertilisation between the measurementsfor the
four treatments and in the two years, whether during the
cycle, or during the day or under the three water regimes.

Leaf area

In Figures 5aand 5b we report the time course in leaf area
values per plant, during the growing season, respectively
for irrigation and nitrogen fertilisation treatments. |n 2002
all thetreatments showed moredevel opment of leaf surface
(+30%) than in the previousyear. In both years, as early as
30 DAT, a lower leaf area was noted in the treatment
irrigated with lessvolume (40% ET), compared to the other
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Figure 5a. Leaf areaper plant during thetwo growing seasons
for the three water regimes. Values are the mean of 12
replications + standard error or the mean.
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Figure 5b. Leaf areaper plantduring thetwo growing seasons
for the four nitrogen levels. Values are the mean of 9 replications
+ standard error or the mean.

two. One week later treatment 120% ET had greater leaf
area than treatment 80% ET. Such differences increased
with time: at the end of the cycle the three treatments had
fairly different values between them, in 2001, a 34%
increase between 40 and 120% ET and 13% between 80
and 120% ET, while in 2002, increases in leaf area were
20% lower between 40 and 120% ET and 10% lower
between 80 and 120%.

There were smaller differences between the nitrogen ferti-
lisation treatments, which also occurred later: at about 60
DAT comparing the non-fertilised vs. fertilised treatments,
and 70 days between the other treatments, which had
increased leaf area with the increase in nitrogen rate
applied. However, such increases at the end of the cycle
were lower than those of the irrigated treatments, with an
increase of 8.6 and 7% respectively, in 2001 and 13.5 and
1% in 2002. There was little interaction between water
regime and nitrogen fertilisation: the nitrogen rate of 240in
treatment 40% ET showed no increasein leaf areaover the
treatment fertilised with 160 kg of nitrogen.
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Figure 6a. Leaf dry weight per plant during the two growing
seasons for the three water regimes. Values are the mean of 12
replications + standard error or the mean.
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Figure 6b. Leaf dry weight per plant during the two growing
seasons for the four nitrogen levels. Values are the mean of 9
replications + standard error or the mean.

Leaf dry matter

Thetrendinleaf dry matter (DW) per plant (Figures6aand
6b) issimilar to that of leaf surface, though dueto different
leaf specific weight (SLW), both in relation to the water
regime and to the nitrogen fertilisation rate (Tables 3 and
4), the differences between treatments were not the same.
The increase in irrigation volume caused a reduction in
weight of the leaf areaunit and in proportion to the volume
supplied. By contrast, with nitrogen fertilisation anincrease
was noted in SLW up to 160 kg ha'*. This occurred in both
years, with ahigher SLW in 2001 thanin 2002. Alsointhis
circumstance, interaction between water regime and
nitrogen fertilisation was scant, as 240 kg ha *of nitrogen
which in treatment 40% ET had no increase in leaf dry
matter compared with the treatment fertilised with 160 kg
ha* of nitrogen.

Number of leaves per plant

The number of leaves per plant in relation to time, 0 to 80
DAT, wasfairly linear. In treatments 80 and 120% ET the
maximum number of leaves per plant was reached earlier
than in treatment 40% ET. Between the start of early
growth and full bloom, the non-fertilised treatment had
lower leaf numbers. In the two study years the maximum
number of leaves per plant was observed with 160 kg ha*
of nitrogen and ranged from 31.7 in 2001 to 37 in 2002. For
irrigation regimes, the highest leaf number was reported in
the second trial year with treatment 80% ET.

Plant dry matter

Plant dry matter accumulation was different than leaf area.
There was accumulation even at harvest for the irrigation
treatments and nitrogen rate. Only for treatment 40% ET
was a slackening in the accumul ation rate noted at the last
sampling. Irrigation volume and nitrogen rate effects were
evident at al levels and all rates (Figures 7aand 7b). This
was due to a difference in stem dry matter accumulation,
which was less affected by the factorstested (Tables 3 and

Table 3. Values of some plant parameters for the two years and for the three irrigation levels. Values are averages throughout the

growing period.

Plant DW Stem DW Leaf DW/Stem DW SLW
Water regime (9) (9) (9g? (mg cm™)
2001
40% ET 64.0 23.1 3.6 5.2
80% ET 719 26.6 3.7 5.0
120% ET 78.0 28.5 3.7 4.8
LSD P =0.05 2.5 15 n.s.? 0.2
2002
40% ET 67.5 20.4 3.7 4.9
80% ET 727 23.7 4.6 4.8
120% ET 7.7 24.7 4.6 4.7
LSD P =0.05 2.0 1.2 0.3 0.2

#n.s. = not significant.
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Table 4. Values of some plant parameters for the two years and for the four nitrogen levels. Values are averages throughout the growing

period.
N-rate Plant DW Stem DW Leaf DW/Stem DW Root density  Leaf area/Root density SLW
(kg ha™) @ () (99 (cm cm™) (dm?cm cm™) (mg cm™)
2001
0 65.9 25.9 34 2.3 35.9 4.8
80 70.8 255 35 24 37.9 4.9
160 73.2 25.9 3.9 2.4 38.5 5.0
240 75.5 27.0 4.0 2.4 39.2 5.0
LSD P =0.05 2.1 1.3 0.3 n.s. 3.0 0.2
2002
0 63.3 20.5 3.9 2.8 41.2 4.7
80 71.3 225 4.1 2.7 45.9 4.8
160 77.1 243 4.4 3.0 48.2 4.9
240 78.7 24.5 4.8 2.7 48.8 4.9
LSD P =0.05 2.6 1.6 0.4 0.2 4.0 0.2
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Figure 7a. Plant dry matter per plant during the two growing

seasons for the three water regimes. Values are the mean of 12
replications + standard error or the mean.

4). Theratio between leaf and stem dry matter was higher
in 2002 and increased both with irrigation volume and with
the rate of nitrogen fertilisation.
Interactions between nitrogen fertilisation and irrigation
volume were minimal and were similar to those observed
for leaf areaand leaf dry matter.

Devel opment of the root system

Development of the root system (Figure 8), for the three
irrigation treatments and in the 0—90 cm soil layer, reached
amaximum at about 57 DAT, prior to early bloom, for the
40% ET treatment, and 15 days later in treatments 80 and
120% ET. Subsequently, it remained relatively constant.
The greatest root devel opment was observed with the least
irrigated treatment (40% ET), and the least development
with the greatest water volume (120% ET). These differ-
ences appeared at about 40 DAT in the 0-30 cm layer, and
|ater in the deeper layer (30—60 cm), where the differences
between treatments were greater and more development

55 62 69 76 83 90

20 27 34 41 48
Days after transplanting

Figure 7b. Plant dry matter per plant during the two growing
seasons for the four nitrogen levels. Values are the mean of 9
replications + standard error or the mean.

was achieved by thelowest irrigation volume. In the 6090
cm layer, only in mid July was the presence of roots found
to be appreciable, and to a greater extent in the least
irrigated treatment (data not reported). No differences in
root development was measured for nitrogen fertilization
treatments (Table 4).

Relation between shoots and roots

The ratio of leaf area to root density for the three water
regimes is reported in Figure 9. Root development was
relatively greater until 43 DAT, but after 43 DAT leaf area
increase was relatively greater than root density develop-
ment. This ratio was greater in 2002 than in 2001, mostly
from a higher leaf area than from a lower root density.
There is an increased leaf arealroot density ratio with
increase in the irrigation volume supplied, due both to less
root development and to a leaf area increase. Increased
nitrogen rates increased the ratio (Table 4), but only
because of increased leaf area
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Figure 8. Root density during the two growing seasons for
the three water regimes. Values are the mean of 12 replications
+ standard error or the mean.
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Figure 9. Ratio of leaf area to root density during the two
growing season for the three water regimes. Values are the
mean of 12 replications + standard error or the mean.

Yield of the cured product

Cured leaf yield (Table 5) was higher in 2002 and
increased from the 40% ET irrigation regime to 80% ET,
while the difference between the | atter treatment and 120%
ET was not statistically significant. Yield progressively
increased with increased nitrogen fertilization applied.
However, increases were dlight as the nitrogen rate rose
from 160 to 240 kg ha'. Yield quality (Table 5) did not
vary by year or water regime, with leaf grades A and B
percentage of cured leaf weight averaging 59% for both
years, with small non significant variations between the
water regimen and nitrogen fertilizations.

Relation between irrigation regime and plant water status

Figures 10aand 10b illustrate the rel ationship between the
average soil water potential in the 0-90 cm layer and the
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Table 5. Values of the total yield and A+B product for the two
years, the three irrigation and four nitrogen levels

Source of Yield A + B Product

variations (tha™) tha™ % of total

Year
2001 2.81 1.66 59.1
2002 2.98 1.75 58.7
LSD P =0.05 0.08 0.08

ET %
40 2.78 1.69 60.8
80 2.93 1.71 58.4
120 2.98 1.73 58.1
LSD P =0.05 0.08 n.s.?

N-rate kg ha™
0 2.68 1.44 53.7
80 2.88 1.70 59.0
160 2.98 1.86 62.4
240 3.04 1.87 61.5
LSD P =0.05 0.04 6

#n.s. = not significant.
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Figure 10a. Relations between soil water potential and leaf
turgor pressure
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stomatal resistance
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Figure 12b. Relations between leaf turgor pressure and leaf
and plant relative growth as dry weight

leaf turgor pressure, and between soil water potential and
stomatal resistance. The relations appear very strict and
linear. There was also a high correlation between |eaf
turgor pressure and stomatal resistance, with increased
stomatal resistance as leaf turgor decreased (Figure 11),

10
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Figure 13. Water use efficiency during the two growing
seasons for the three water regimes. Values are the mean of 12
replications + standard error or the mean.

while at high turgor values stomatal resistance tends to
remain constant at low values.

Relation between turgor pressure and plant growth

There was no univoca relationship between turgor pressure
and leaf area percentage growth (over the preceding value).
Indeed, Figure 12a shows two series of values. those
common to 80 and 120 ET treatments and which have avery
great dope, and another series belonging only to trestment
40% ET. Both series have alinear relation with a very high
correlation coefficient (r? = 0.92 in both cases) but different
regression coefficients (b = 11.9 and 4.6, a=-5.3 and - 1.0,
for 80 and 120% ET and 40% trestments, respectively). The
same type of relation was noted between turgor pressure and
dry matter of the leaves and plant (Figure 12b).

Water efficiency

From Figure 13, which reports water efficiency (as the total
volume of supplied, rainfall and use of soil water reserves)
in terms of plant dry weight accumulation, it may be noted
that the efficiency rises until early bloom, and subsequently
decreases. The samefigure showsthat greater efficiency was
obtained in 2002 and in the treatment irrigated at 40% ET,
while in the other two treatments efficiency declined asthe
irrigation volume increased.

DISCUSSION AND CONCLUSIONS

Water consumption of the 120% ET treatment (about 400
mm) falls within the range of volumes normally supplied for
this crop in the southern Italian region of Campania (33,34).
In this circumstance the Food and Agriculture Organization
(FAO) method adopted (12) to calculate ET underestimated
the actual evapotranspiration. Indeed, athough irrigation
supplied 120% of ET, soil moisture decreased during the
season, though to a greater extent in the first 45 days. This
means that the first crop coefficient K, adopted are to be
considered rather low.
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Irrigation treatments resulted in different soil water content
that affected plant water status, stomatal functioning, the
growth in leaf areaand plant dry matter. The plant response
to decreased irrigation volumes was reduced by the shoot-
root ratio and uptake of a greater portion of soil water
reserves. However, this was not sufficient to maintain the
normal plant water balance. In particular, leaf turgor
potential was more affected than total and osmotic potential.
Asthe soil water potential decreased, therewasacorrelative
decrease in leaf turgor, which in turn was correlated with
increased stomatal resistance and decreased leaf and plant
growth.

Plants, subjected to greater water stress may well have
undergone modifications to their tissues with thickening of
the cell walls or to their composition, which reduced their
dagticity, hence less responsive to hydraulic stimulus, yet
maintaining a minimum growth at low turgor pressure.
Applying Lockhart’s equation (18,21,22) to these data we
obtained aturgor pressure threshold of 0.125 and 0.43 MPa
and an extensibility of the wall of 0.15 and 0.36, expressed
interms of gram of dry matter per week, respectively for the
two populationsillustrated in Figures 12aand 12b.

The time course of this relationship highlights the issue of
water stress, which occurs differently according to the
rapidity with which the plant adapts to changing environ-
mental conditions. Sudden water stress does not allow the
plant to adapt to adverse conditions. However, stress im-
posed dowly alows the plant to adapt to a somewhat xero-
phytic environment and permits a certain level of develop-
ment even at low turgor pressures.

Some authors (11,32,35,36,37,40,43,44) have questioned the
value of water potential, and likewise therole of cell turgor,
as a basic input that regulates growth. Undoubtedly, many
physiological parameters are involved in the phenomenon.
However, these results show that, other factors being equal,
turgor pressure is agood indicator of growth. In agronomic
terms, this is very important because of the measured
relationship between soil water potential and turgor pressure,
as measurement of soil water potential (i.e. soil moisture) is
straightforward, easy and has wide applications for plant
production.

We infer that reduced water volumes do not alow high
overall growth to be achieved, but a higher water use
efficiency occurs as may be noted from Figure 13. The same
figure shows that water efficiency in the early stagesislow,
probably becauseit is the root apparatus that grows more in
this phase. Water use efficiency increases considerably
during early growth until early bloom, falls sharply during
bloom and remains low during leaf maturation. This trend
should be explained considering the BHAGSARI and BROWN
(4) results, who found that photosynthetic efficiency is
linked to leaf size and specific leaf weight. The cropping
year had considerable influence on water efficiency (Figure
13). This may be linked not only to the quality of the water
supplied given that in 2002 the share from rainfall was
higher, but also to climatic factors such as temperature and
humidity, as in 2002 the minimum temperature was higher
and the evaporative demand lower. WUE for cured leaves
increased also with decreased irrigation volumeswith values
of 0.73, 0.89 and 1.03 kg m 3, respectively for 120, 80 and
40% ET treatments. This corresponds to an increase of
WUE of 22 and 41%.
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Nitrogen fertilisation did not affect plant water status. The
reason for this probably was that even without adding
nitrogen fertilisers good plant development occurred, but
nitrogen fertilisation did increase shoot/root ratio.

The results obtained in this research demonstrate that plants
grown in conditions of increased water stress had lower but
adequate yields. This suggests that in this environment and
given the techniques adopted, the crop did not undergo such
water deficit as to substantially affect production and
quality.

In conclusion, for this type of tobacco and for aress of
Campania, overall water availability ranging from 3500 to
4000 m® ha'* is sufficient to obtain good plant growth with
satisfying yields and good quality. Under such agronomic
conditions, the opportunity for increased plant growth with
nitrogen fertilisation are limited which iswhy application of
nitrogen rates in excess of 160 kg ha* appear inadvisable.
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