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Abstract
The experiment was conducted in the lysimetersto study influence of six different irrigation regimes on plant growth and photosynthesis characters of
flue-cured tobacco aiming to provide technical and theoretical basisand irrigation parametersfor high efficient crop production. The chosen variety of
flue-cured tobacco was Yunyan 85 and it wasirrigated by totd irrigation quantitiesat 60 L, 85L, 1351, 155, 165 and 205 L per plant during thewhole
growing season. The results showed that plant height, |eaf areaand dry matter yield of tobacco wereimproved significantly asirrigation water quantity
increased to some extent, but excessiveirrigation water quantity could reduce the promoting effect. Favorableirrigation water quantity also enhanced
photosynthesisrate, evaportranspiration rate and stomatal conductancein leaves. It wasfound that totdl irrigation amount at 155 L per plantinthewhole
growing period was best to improve tobacco plant growth and accumulation of dry matter yield, providing an irrigating water recommendation for

tobacco productioninfield.
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Introduction

China has the highest yield of tobacco leaves and the largest
tobacco field. As a cash crop, tobacco production plays a
significant role in national economy . Water directly took part
in every metabolic process and morphogenesis of tobacco plant.
Also water has the abilities to sustain posture as well as adjust
temperature and growth environment for tobacco plant. During
the growth period, content of water inside tobacco plant could
reach at 70%~80%, even over 80% in vigorous growth stage.
Although tobacco is a crop with drought resistance, it needs a
favorable soil moisture condition for growth. The favorable soil
water could improve use of fertilizer and microbial activities,
favoring for nutrients absorption and plant growth 2. However,
soil moisture could not always be suitable to supply enough water
for tobacco growth. Drought stress often induces bad leaves,
while excessive content of soil water by unreasonable irrigation
resulted in hindering plant growth and accumul ation of dry matter,
serioudy influencing quality of tobacco leavesand making aspread
of disease®4. All inal, water directly influencesyield, quality and
economic benefits of tobacco leaves, and it isnecessary for tobacco
growth asasignificant resource.

Optimal soil moisture content in each tobacco growth stage
is one of important factors for irrigation schedule. It was
reported that water consumption of tobacco field was relatively
lower at root extending time, then grew up fast after resettling
and reached at the biggest value in flower budding time®. These
relative water contents of field water capacity could guarantee
healthy growth and high-quality tobacco production with 60% at
root extending stage, 80% at vigorous growing stage and among
60%~70% at harvesting stage®. However, Wu 7 believed that the
favorablerelative water content should be 60%, 80% and 70~80%
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at root time, vigorous growth stage and maturity, respectively.
Other rangeswerefound by Sunet al. 8, it should beat 61%~65%
in root extending period, 80%~81% in vigorous growing period
and 76%~80% in maturing period and drought indexes were
49%~51%, 67%~70% and 55%~60% in above stages, respectively.
When soil moisture content was lower than these drought indexes,
tobacco should be watered, otherwise it could influence
photosynthesis and transpiration. Other irrigation indexes, such as
evaportranspiration ®°, plant height ** and plant water content 1216,
werestudied . Thedetermination of optimal moisture content varied
in different places by various environments, research focuses and
measures. Ingenerd, it must assurewater supply at vigorousgrowth
stage®.

Thekey point of tobacco irrigation schedule wasto confirm total
irrigation quantity and distribution of irrigation at different growing
stages. Furthermore, water-saving optimized irrigation of tobacco
hasbecomeresearch hotspot gradually. However, few werereported
about influence of precision irrigation on tobacco growth and
photosynthesis, especially under water-saving condition and
precision control (lysimeter). In this study, six different irrigation
treatments were designed under precision irrigation to research its
effects on plant growth and photosynthesis of tobacco planted in
lysimeters. The obtained results could provide an irrigation water
recommendation for the field tobacco production.

Materials and Methods
Site description and soil properties: The experimental site is
located in Nanjing Research Institute of Vegetables and Flowers
(31°43' latitude, 118°46' longitude), having a sub-tropical
monsoon climate of moist weather with ample heat energy and
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rainfall. The average yearly temperature is 15.7°C, with the
averageannud day and precipitation being 117 daysand 1106.5 mm.
About 237 days are without frost, while the max mean humidity
and wind vel ocity are 81% and 19.8 m s*. Meiyu season presents
inJuneand July every year. The experimental soil istypical type
in Jiangsu as yellow brown soil. The soil textureis clay, and its
chemical propertiesare pH 5.87, tota nitrogen 1.30 g kg?, available
nitrogen 129.9 mg kg, total P 363.0 mg kg?, Olsen P 27.2 mg kg,
availableK 150.0mgkg and soil organicmatter 14.2g kg™, respectively.
Soil between 0-60 cm has bulk density of 1.35 g c® and fidd water-
holding capacity of 28.0%. Theunderground water bury depthis10m.

The experimental design: The experiment was carried out in

lysimetersfrom May to September in 2007. Tobacco plantswere
cultivated in six lysimeterswith each areaof 8 m2. Each lysimeter
was made up of cement and bricks with chamber rainproof. The
soils in lysimeters were backfilled according to natural layers
with about 1 m. The variety of flue-cured tobacco (FTC) used

was Yunyan 85. When six leaveswere shown, seedlingsinfloating
cultures were transplanted into lysimeters with the density of

15,000 plants per hectare. The whole growing season of FTC was
divided into four growth stages as root extending stage, early-

vigorous growing period, late-vigorous growing period and

maturity stage. Total irrigation waters were divided into 4 parts
according to the above growth period. Six treatments of different
irrigation quantities are set in Table 1 with three replicatesin a
randomized complete design. The irrigation date was designed on
10" May, 25"May and 5" Junefor thefirst stage, 12", 17*, 22" and
26" of Junefor the second stage, 2, 7" and 13" of July for thethird
stage, 25™July and 15" August for thelast stage, respectively. Each
treatment had the samefertilization, 97.5kg N per hectarewasapplied
asbasefertilizer, whilePand K wereadded with theratio of N, P,O,
andK Oat 1:1:3. Top dressing happened a 20 daysafter transplanting
with 120kg (NH,) ,SO, per hectare. During thegrowth period, diseases
and pests were observed. Each treatment had the same agricultural

management practices.

Table 1. Irrigation quantity of different treatmentsin the whole
growing period (L per plant).

Growing period

Treatment ROOF Early-vigorous Late-v1gorous Maturing . Tota_l
extending . . growing . irrigation
period growing period period period
1 15 20 15 10 60
2 15 20 30 20 85
3 15 40 40 40 135
4 25 80 30 20 155
5 25 40 60 40 165
6 25 80 60 40 205

Sampling and data collection: The growth indexes like plant
height and leaf area were determined at the same time of four
growing stages. The area of leaves was calculated by
max widexmax lengthx0.6345. Topping occurred 70 days after
transplanting. Ripened leaves were collected in every 3 days after
topping. The harvested leaves (upper, middle and lower), rootsand
stems were cured a 70°C to constant dry weight, in a forced-air
ovenfor two daysfor testing dry matter yield in harvesting period.
The photosynthesis characteristics, like net photosynthesisrate,
stomata conductance and evapotranspiration rate, were tested
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between 11 am. and 12 p.m. in vigorous growing period using
Li-6400 photosynthesis system.

Thesoil sampleswereair-dried, ground and sieved throughal mm
or 0.149 mm mesh for testing propertieslike soil pH, organic matter
(OM), available nitrogen, Olsen P and available K. Soil pH was
measured by aglass electrodein a 1:2.5 soil-water suspension and
OM was determined by potassium dichromate method. Other soil
chemical properties were determined using standard methods *.
Certified reference materials as well as blanks were run to ensure
qudity of analyses. Good agreement was received between our
method and certified values.

Satistical analysis; All data were processed with Excel 2003
or SPSS 11.5. Figuresweremade by using Excel, and comparisons
(p<0.05) of each index among treatments were conducted with
LSD by using SPSS.

Resultsand Discussion

Dynamic changes of plant heights and leaf area: Fig. 1 shows
that plant height increased quickly astheirrigation quantity went
up in each growing period, especially in the vigorous growing
period and maturing stage. The biggest incrementsin each stage
was presented in treatment 4, with the most incrementsof 96 cmin
plant height, followed by treatments 5, 3 and 6, compared to the
least in treatment 1 at 64 cm. These results showed that drought
indeed made slower growth of tobacco plantsin vigorousgrowing
period, while excessivewater could not be ableto enhancetobacco
growth. It was becausetoo high or too low amount of water would
inhibit cell elongation growth and caused the retarded growth.

Moreover, excessiveirrigation quantity made awaste of water at
the point of considering saving-water and high efficiency.

Treatment 4 indicated an advantage of saving water andincreasing
growth quickly, suggesting irrigation quantity at 155 L per plant
effect best on tobacco plant growth.

Leaf areaisanimportant index to reflect tobacco yield. During
the whole growth stage, leaf area per plant displayed obvious
differencesin all irrigation treatments (Table 2). Leaf areasin
treatments 1 and 5 werelargest at 1620 and 1570 cm?, about 2
times of that in treatments 3, 4 and 6 at root extending stage. In
early-vigorousgrowing period, leaf areain treatment 4 wasbiggest
at 7481 cm?, followed by treatments 6 and 1. Whenit comeintolate-
vigorousgrowing stage, treatment 6 received the biggest value at
24667 cm?, which was abovetwo timesof the smallest leaf areain
treatment 1, and the next largest areaswere intreatments4 and 5.
Therest got leaf areaslower than 20,000 cm?. At the last growing
stage, the treatment 6 and 1<till sustained the largest and smallest
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Table 2. Averageleaf areaper plant of different trestments (cm?).

Root  Early-vigorous Late-vigorous .
. ; . Maturing
Treatment  extending  growing growing . Increment
. . . period

period period period
1 1620a 7058a 10534a 12621a  11001a
2 1312b 5857b 15601b 18100b  16788b
3 838c 6296¢ 17288b 21674c  20836¢
4 886¢ 7481d 23612¢ 27536d  26650d
5 1570a 6470c 23202¢ 28398d  26828d
6 831c 7151a 24667c 29379d  28548d

leaf areas, while treatments 5 and 4 become the second and the
third. Furthermore, the biggest increment of leaf area during the
whole growing season occurred in treatment 6, with treatments 5
and 4 following, all of whichwerealmost 2.5timesof treatment 1
irrigated by total 60 L per plant.

Watering was not akey point for leaf growth at root extending
stage due to dominant growth of roots in this period. As getting
into vigorous growing period, irrigation played a significant part
in leaf growth. Increasing amount of irrigation water induced a
sharpincreaseinledf area, especialy inlate-vigorousgrowing period,
and asimilar trend existed at the harvesting stage. Noticeably, the
growing speed or increment of |eaf areaat the maturity stage went
down compared to that in the vigorous growing period. It was
proved that tobacco was sensitive to water supply in vigorous
growing period, which stage was the key to decide tobacco leaf
growth. Therefore, areasonableirrigation quantity at different growth
stageswould greatly improve tobacco plant growth.

Effect on dry matter yield of leaves under different irrigation:

Table 3 showsthe effects of different irrigation quantitieson dry
matter of upper, middle and lower leaves at maturity stage. Dry
weight of the whole tobacco leaves was highest for treatment 4
(153.78 g per plant) and 133.44 g of treatment 3 took the second
place. Treatment 1 took waslowest at 70.44 g. Asfor each part of
leaves, the highest dry matter yield of upper leaveswas obtained
intreatment 3at 56.10 g, and its proportion of thewholeleaf yield
(42.04%) accounted for highest. Dry matter yield of middleleaves
of treatment 4 waslargest at 46.56 g. Thedry matter yield of lower
leaves disposed by treatment 4 (53.04 g) ranked highest but

treatment 2 got the largest proportion at 41.00%. The results
showed that amountsof irrigation at 155 L and 135 L had thefirst

Table 3. Effects of different treatments on dry matter of upper, middle and

lower leavesin maturing period.

and second best effects on enhancing dry matter yield of tobacco
leaves and they increased dry weight of upper leaves and its
proportion.

Effects on accumul ation and distribution of dry matter in each
part are shown in Table 4. The dry matter of whole tobacco plant
intreatment 4was highest at 335.18 g, whiletreatment 1 received
lowest at 174.28 g. Treatment 5 had the maximum dry root yield
(82.57 g), and the minimum onewasin treatment 2 (38.22 g). For
the ratio of root yield to the whole plant yield, treatment 5 and
treatment 1 took up the highest ratio at 28.36% and the lowest one
just at 20.64%, respectively. Asto stem yield, the maximum dry
matter wasin treatment 6 (111.8 g) with the highest rate at 36.24%,
whiletreatment 1 got thelowest yield (57.28 g) withamiddlerate.
Theleaf proportions of treatments 3 and 5 accounted for 46.81%
and 45.88% of thetotal yield, ranking the highest values among
all treatments. Therates of root to canopy showed that treatments
5 and 2 had the highest and lowest values, respectively.

Above analysis suggested that treatment with maximum dry
yield of whole plant could not be alwaysfollowed by amaximum
dry matter of upper, middle or lower leaves. Moreover, the highest
leaf proportion in some part could not result in the highest
proportions in other parts under the same disposal. Root, stem
and leaf varied inaccumulation of dry matter yield and their rates.
Theresults showed that the effects of irrigation quantities at 155
L and 165 L were superior to others on tobacco plant growth and
dry matter accumulation.

Effects of different irrigation quantities on photosynthesis
characters: Effectsof different irrigation quantitieson photosynthesis
charactersof leavesinvigorousgrowing period areshowninFig. 2.
Upper leaves showed the highest photosynthesis rates for al

treatments compared with those of middleand lower leaves, with
about two times of the smallest values in lower leaves. It was
because upper leaves were closest to sunshine and they were the
active growth center. Asfor different irrigation styles, treatment 4
(155 L) always obtained the highest photosynthesisratein leaves
wherever they were, followed by treatment 5 (165 L) in upper and
middle leaves and treatment 6 (205 L) in lower part. Noticeably,
treatments 1 (60 L) and 2 (85 L) displayed the first and second
lowest photosynthesis rates for all the leaves. As for

evaportranspiration rate, upper leaves
also showed better than others, and

minor differences presented among six

Upper Upper/Total Middle Middle/Total

Lower Lower/Total Total yield

trestmentsin upper leaves, but, treatment

Treatment (2) (%) ) (%) (2 (%) () 4at 155 L i !| displ ayed thelargest V.d ues
1 23.46a 3330  26.34a 37.39 20.64a  29.30 70.44a of transpiration ratein upper and middle
2 21422 2591  2736a 3309 3390b  41.00  82.68b leavesand just smaller than treatment 3
3 56.10b 4204 3378 2531 4356 32.64  133.4dc -

4 54.18b 3523 46.56c 3028  53.04d 3449  153.78d (135 L) in the lower |eaves. Stomatal

5 30.90c 2958  40.02c 3831 33540 3211 104.46¢ conductancesin middleand lower leaves
6 3738c 3223 4434c 3823 3426b  29.54  115.98f under treatments 1 and 2 showed the

Table4. Effectsof trestments on accumulation and distribution of dry matter at harvesting stage.

minimum values. Treatment 4 of 155 L
irrigation water displayed the largest

values of stomatal conductances in

Root/Plant Stem/Plant Leaves Leaves/Plant Root/Canopy

Treatment  Root (g) =" Stem (g) ~ o/ () )  Flant(® upper and lower leaves, and treatment 3

1 46.56a 2672 5728  32.87  7044a 4042 174.28a 0.36 got themaximumin middleleavesamong

2 3822b 2064  6431b 3472  82.68b 4464  18521b 026 al treatments.

3 67.73c 2376  83.87c 2942 13344c  46.81 285.0dc 031 Therefore, irrigation quantity at 155 L

4 78.15d 2332 103254  30.80 153.78d 4588 335184  0.30 :

5 82.57d 2836  104.17d 3577 10446e 3587  29120c  0.40 affected best photosynthesis rate, and

6 80.68d  26.16  111.80d 3624 11598  37.60  30846c 035 135L displayed thenext one. Ingenerdl,
1162 Journal of Food, Agriculture& Environment, VVol.10 (2), April 2012
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Figure2. Effectsof differentirrigation treetmentson photosynthesisrate,
transpiration rate and stomatal conductance.

the increasing quantity of irrigation water could improve
photosynthesis rate, evaportranspiration rate and stomatal
conductance, but excessive irrigation water would inhibit these
photosynthesis characteristics to certain extent.

Conclusions

The results showed that tobacco plant height, leaf area and dry
matter yield increased significantly with theincrease of irrigation
guantity to some extent. The total irrigation quantities at 155 L
affected best on tobacco plant growth and dry matter accumul ation.
All theindexes showed that 155 L per plant of treatment 4 wasthe
suitableirrigation quantity, which could improve the agronomic
charactersand leaf yield.

Tobacco was sensitive to water in vigorous growing period
especially and irrigation played a significant part in leaf growth.
Theincreasing quantity of irrigation could improve photosynthesis
rate, transpiration rate and stomatal conductance, but excessive
irrigation water would inhibit these photosynthesischaracteristics
to some extent. A favorable irrigation quantity and reasonable
distribution of irrigated water at different growing stages were
important to improve tobacco plant growth and photosynthesis

Journal of Food, Agriculture& Environment, Vol.10 (2), April 2012

characters. Generally, 155 L per plant of treatment 4 had better
effects on photosynthesis characters. This could provide an
irrigating water recommendation for tobacco production in field.
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