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Abstract: This study aimed to determine the effect of irrigation amount and irrigation frequency
on drip-irrigated flue-cured tobacco evapotranspiration (ETa), yield, and water use efficiency. Four
irrigation treatment levels were imposed: 100% IRT (fully irrigated treatment, no stress), 85% IRT,
70% IRT, RFT (rainfed treatment), and high, medium, and low irrigation frequencies were set.
The relationship between irrigation volume and yield is a quadratic curve. The evapotranspiration
had a positive relationship with the irrigation amount. The yield of flue-cured tobacco was the highest
in 2016 (wet year), and the corresponding ETa was the smallest. The irrigation water use efficiency
(IWUE) in the driest year, 2017, was lower than IWUE in the wet years 2015 and 2016, and the crop
water use efficiency (CWUE) had similar results for the three years. IWUE increased with irrigation
amount. The effect of irrigation frequency on CWUE was not significant. The CWUE had a positive
relationship with yield. No significant differences due to irrigation frequency were found for yield.

Keywords: irrigation frequency; irrigation amount; water use efficiency; evapotranspiration;
drip-irrigated flue-cured tobacco

1. Introduction

In some areas of China, flue-cured tobacco is an important cash crop. China’s flue-cured tobacco
planting area is about 1,010,937 hectares and accounts for about 50% of worldwide total tobacco
production [1]. Due to the large population and climate change, China’s water resources are extremely
scarce [2,3]. Well-managed irrigation can improve water production efficiency. In terms of enhancing
water use efficiency and reducing soil evaporation, drip irrigation (subsurface and on surface) has been
shown to be more effective than other forms of irrigation [4], because it is easy to control the irrigation
flow rate, which leads to a smaller wetting root zone, smaller runoff, and less deep percolation. Studies
on more than 30 crops have shown that yield under drip irrigation is higher than that under other
irrigation methods, and less water is required in most instances [5]. The drip irrigation amount and
frequency are critical for plant growth, yield, and water use efficiency (WUE) [6,7]. Some studies
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have suggested that regulating the irrigation schedule would improve water use efficiency [8,9].
The impact of irrigation amount on crop yield and crop water use efficiency (CWUE) depend on
crop characteristics [10,11]. According to Moore et al. [12], deficit irrigation and over irrigation can
significantly reduce both tobacco quality and yield. Irrigation frequency is one of the important
factors in irrigation management, especially for porous soils [13]. Studies have shown that increasing
the frequency of irrigation can help plant roots better absorb water in the soil, which is beneficial
for increasing the yield of crops and the CWUE [14]. Hunsaker et al.’s [15] research on cotton and
lint showed that yields were 15 and 21% lower under low-frequency irrigation treatments than that
under high irrigation frequency; the treatment under low frequency was not as effective in increasing
crop productivity as the high frequency treatment, although evapotranspiration under low-frequency
irrigation was lower than that under high frequency irrigation. Cao et al.’s [16] research on cucumber
showed that when the total amount of irrigation is constant, a small amount of multiple irrigations can
distribute the root system to the wet layer and improve water use efficiency. El-Hendawy et al. [17]
reported that the correlation between corn yield and irrigation frequency is a quadratic function,
and the CWUE increases as the irrigation frequency increases. Zegada-Lizarazu et al. [18] reported
that increasing the frequency of irrigation leads to an increase in the root area, while low irrigation
frequency leads to an increase in root depth. For different crops, different irrigation frequencies may
lead to an increase or decrease in yield. Raviv et al. [19] reported that a high irrigation frequency
can maintain a high water content in the crop root zone for a long time, reducing the nutrient loss
in the root zone, and reducing groundwater pollution. Uçan et al. [20] reported that the effect of
irrigation on sesame yield is significant, while the frequency of irrigation has no effect on sesame yield.
El-Hendawy and Schmidhalter [21] reported that maize yield and CWUE increase with increasing
irrigation frequency and irrigation water volume. Howell [22] suggested that irrigation frequency
has no significant effect on maize yield. Flue-cured tobacco is a drought-tolerant solanaceous crop.
The research on the irrigation of flue-cured tobacco mainly focuses on water distribution during the
growth period. There is not much research on the yield and water use efficiency of flue-cured tobacco
with irrigation amount and irrigation frequency. The objectives of this study were to evaluate the effects
of surface drip irrigation amount and irrigation frequency on flue-cured tobacco yield and CWUE.

2. Materials and Methods

2.1. Experiment Site

The weather data was obtained from the National Meteorological Information Center of China [23].
The experiment was conducted in the 2015 to 2017 growing seasons at the Nanjing Vegetable and
Flower Research Institute (31◦43′ N, 118◦46′ E). Nanjing has a subtropical monsoon climate with
abundant rainfall. The four seasons are distinct. The annual average temperature is 15.4 ◦C. The annual
extreme temperature is 39.7 ◦C and the lowest is −13.1 ◦C. The annual average precipitation is 1106 mm.
The soil at the experimental site was continuously used as a tobacco planting soil for three years, and
the texture of the soil is clay loam. The detailed characteristics of the experimental soil are shown in
Table 1.

Table 1. Physical and chemical characteristics of experimental soil.

Year Field
Capatity (%)

Bulk Density
(g cm−3)

Total Nitrogen
(g kg−1)

Total Phosphorus
(g kg−1)

Organic
Matter (g kg−1)

pH

2015 21.2 1.32 1.31 0.36 19.19 6.98
2016 21.7 1.33 1.32 0.34 17.11 6.99
2017 20.4 1.33 1.32 0.35 18.03 6.70

2.2. Experimental Design

K-326 tobacco cultivar was used in the experiment. The detailed agronomic management
practices are shown in Table 2. The amount of irrigation was calculated separately for each treatment.
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Table 3 shows the irrigation amount and irrigation frequency setting. Four irrigation treatment levels
were designed, 100% IRT (full irrigation treatment), 85% IRT, 75% IRT, and RFT (rainfed treatment).
The available soil water in the top 0.5 m profile was kept at approximately 90%, 75%, and 60% for
100% IRT, 85% IRT, and 75% IRT, respectively. Each irrigation treatment level had three irrigation
frequencies—low, medium, and high. The frequencies for low, medium, and high per week were one
to two times, two to three times, and daily, respectively. The low frequency irrigation treatment in
this study represented the conditions in which the plant was irrigated when soil water depletion was
about 45% of the total available water to avoid water stress. Soil moisture was monitored with the
online moisture monitor (Qingdao Juchuang Environmental Protection Equipment Co., Ltd. Qingdao,
China) on an hourly basis. The average weekly soil moisture content under the high, medium, and low
irrigation frequencies was the same under the same irrigation level. The irrigation time depended on
the average weekly soil moisture content unless the precipitation exceeded the crop water requirement.
The planting row spacing was 1 m, and the vine spacing was 0.8 m. There was a total of 12 treatments.
The experimental design was random with three replications. In the experiment, we used manual
weeding to avoid the impact of herbicides on yield. The other management measures for all treatments
were the same. The drip irrigation belt was installed in 2015. The drip heads were installed at a depth
of 0.10 m and a distance of 0.15 m from the root of the flue-cured tobacco plant. The actual irrigation
amount is shown in Table 3.

Table 2. Agronomic management practices, including transplanting date, hybrid type, and application
date for each experimental year.

Management 2015 2016 2017

Transplanting date 1 May 2015 2 May 2016 4 May 2017
End of Harvest date 2 Aug 2015 2 Aug 2016 2 Aug 2017

Growth duration 93 days 92 days 90 days
Hybrid K326 K326 K326

Pesticide applications Type: Pyrethroid
Date: 30 days after planting and 45 days after planting

Bud emergence date under different irrigation frequencies
Low irrigation frequency Date: 52 to 57 days after transplant

Medium irrigation
frequency Date: 57 to 63 days after transplant

High irrigation
frequency Date: 64 to 70 days after transplant

2.3. Tobacco Leaf Yield

When five to six top leaves of the plant were fully ripe, the leaves of each plant were collected
individually. All leaves were dried in a forced-air oven at 60 ◦C. Finally, they were weighted to
determine the dry weight.

2.4. Seasonal Evapotranspiration Calculation

Seasonal actual tobacco evapotranspiration (ETa) was calculated using the general water balance
equation:

ETa = P + I + Eg− ∆S−Rg−D (1)

where ∆S is the amount of soil water storage during the growth period of flue-cured tobacco (mm),
P is effective precipitation during the growth period of flue-cured tobacco (mm), I is the amount of
irrigation during the growth period of flue-cured tobacco (mm), Eg is groundwater recharge (mm), Rg
is surface runoff (mm), D is deep percolation (mm). Effective precipitation was calculated according to
Hou et al. [24]. Deep percolation was calculated using the lysimeter method (Beijing Time Domain
Technology Co., Ltd. LYS40 micro lysimeter, Beijing, China). The water-table depth was about 1 m
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at the experimental site, and the depth of the root distribution of flue-cured tobacco was 0.3–0.5 m,
assuming the upflow and Eg was negligible.

2.5. Water Use Efficiency (CWUE) Calculation

CWUE = Y/Eta (2)

The unit of CWUE is kg m−3, and Y is tobacco dry leaves yield (kg ha−1).

2.6. Irrigation Water Use Efficiency (IWUE) Calculation

IWUE = Y/Irrigation amount (3)

The unit of IWUE is kg m−3.

2.7. Statistical Analyses

Fisher’s protected least significant differences (LSD) at the 5% level of probability were used
to identify potential significant differences in tobacco leaves yield between treatments. Data were
statistically analysed in software SPSS Statistics 22.0 (Analytical Software, Tallahassee, FL, USA).

Table 3. Seasonal irrigation amounts (mm) applied for the low, medium, and high irrigation frequency
treatments under different irrigation levels in 2015, 2016, and 2017.

Irrigation Rate 2015 2015 2015 2016 2016 2016 2017 2017 2017

Low Medium High Low Medium High Low Medium High

100%IRT 213 224 234 243 254 267 227 267 290
85%IRT 140 168 189 196 201 221 198 235 240
70%IRT 113 118 130 126 134 145 169 190 213

RFT 0 0 0 0 0 0 0 0 0

3. Results

3.1. Weather Conditions in the Experimental Area

A summary of monthly measured weather variables for the 2015, 2016, and 2017 growing seasons
for the experimental site is reported in Table 4. On average, May had the lowest daily temperature of
22 ◦C for all growing seasons and the lowest daily average temperature was 17 ◦C, 16 ◦C, and 18 ◦C
for the 2015, 2016, and 2017 growing seasons, respectively. On average, August had the highest daily
temperature of 29 ◦C for all growing seasons and the highest daily average temperature was 32 ◦C,
34 ◦C, and 32 ◦C for the 2015, 2016, and 2017 growing seasons, respectively. The growing season
accumulated temperatures were 3056 ◦C, 3153 ◦C, and 3288 ◦C for 2015, 2016, and 2017. May had
the lowest minimum relative humidity, and August had the highest relative humidity. The 2017 and
2016 growing seasons were windier than 2015. Seasonal average maximum wind speed was 21 m s−1,
31 m s−1, 33 m s−1 for the 2015, 2016, and 2017 growing seasons, respectively. Substantial interannual
variability was observed in seasonal rainfall amount and distribution (Figure 1).

On average, May had the lowest monthly rainfall of 76 mm for all growing seasons and the lowest
monthly average rainfall was 74 mm, 81 mm, and 72 mm for the 2015, 2016, and 2017 growing seasons,
respectively. On average, June had the highest monthly rainfall of 195 mm for all growing seasons
and the highest monthly average rainfall was 345 mm, 136 mm, and 105 mm for the 2015, 2016, and
2017 growing seasons, respectively. The growing duration rainfall was 252 mm in 2017, significantly
less than that in 2015 and 2016. The seasonal rainfall in 2017 was 49% lower than that in 2015 and
30% less than that in 2016. Therefore, 2017 was the driest year and 2015 was the wettest year during
the experiment duration. Irrigation events occurred between 7 May and 20 July in 2015, 11 May and
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23 July in 2016, and 5 May and 27 July in 2017. The accumulated temperature in 2017 was higher than
that in 2015 and 2016, and the rainfall was lower than that in 2015 and 2016. The lower rainfall coupled
with higher wind speed and accumulated temperature in 2017 necessitated a higher irrigation water
demand to meet the evapotranspiration requirement as compared to 2016 and 2015.

Table 4. Monthly weather variables measured at the experimental site from 2015 to 2017.

Year Month Tmmax
(◦C)

Tmmin
(◦C)

RHmax
(%)

RHmin
(%)

Wsmax
(m/s)

Wsmin
(m/s)

Rainfall
(mm)

2015

May 26 17 100 14 22 0 74
June 28 21 100 19 22 0 345
July 30 23 100 36 18 0 231

August 32 24 100 33 20 0 133

2016

May 24 16 100 13 32 0 81
June 28 20 100 28 26 0 136
July 33 26 100 32 29 0 274

August 34 25 100 17 35 0 73

2017

May 28 18 100 16 32 0 72
June 29 21 100 22 29 0 105
July 35 27 100 26 35 0 72

August 32 25 100 30 35 0 148

Monthly average values were calculated using daily measured values. Tmax, Tmin: daily maximum and minimum
air temperature; RHmax and RHmin: daily maximum and minimum relative humidity; WSmax and WSmin:
maximum and minimum wind speed at 3 m height; Rainfall: monthly total rainfall.
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Figure 1. Daily rainfall (mm) during the 2015 (a), 2016 (b), and 2017 (c) growing seasons at the
experimental site.

3.2. Effect of Irrigation Rate and Frequency on ETa

As can be seen in Table 3, the minimum irrigation amount was in 2015 (the wettest year), and the
highest irrigation amount water was in 2017 (the driest year). The irrigation amount was the highest
under high irrigation frequencies, and lowest under low irrigation frequencies.

Irrigation water demand varies with irrigation frequency and irrigation level in different years.
The total growing season rainfall was 783 mm, 564 mm, and 397 mm for 2015, 2016, and 2017,
respectively. Irrigation amounts ranged from 113 to 234 mm, 126 to 267 mm, and 169 to 290 mm in
2015, 2016, and 2017, respectively (Table 3). The ETa in the dry year was higher than that in a wet year,
which implies the dry year requires more irrigation water to meet the flue-cured tobacco ETa than a
wet year. It can be seen in Table 3 that the higher the irrigation frequency, the greater the irrigation
water requirement under the same year. The ETa was highest under the high irrigation frequency.
The relationship between irrigation amount and flue-cured tobacco ETa is presented for pooled 2015,
2016, and 2017 growing season data in Figure 2. The ETa was the smallest in the year of 2015, with the
largest rainfall and lowest irrigation amount. The ETa ranged from 389 to 613 mm, 404 to 614 mm, and
446 to 663 mm in 2015, 2016, and 2017, respectively (Table 5). RFT treatment was the smallest ETa in all
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treatments. ANOVA was used to analyze the effect of irrigation frequency on ETa in 2015, 2016, and
2017 (p > 0.05).

The results of this study, in line with previous studies, show that ETa increase is consistent with
irrigation [25,26]. Aka [27] also reported that an increase in surface irrigation water adds to the amount
of evaporation much more than runoff and leakage.
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Figure 2. Flue-tobacco actual evapotranspiration (ETa; mm) response to seasonal irrigation amount for
the combined years of 2015, 2016, and 2017.

Table 5. Tobacco actual evapotranspiration (ETa; mm) response to seasonal water supply under high,
medium, and low irrigation frequency treatments under various irrigation levels/mm.

Eta
Low Frequency Medium Frequency High Frequency

2015 2016 2017 2015 2016 2017 2015 2016 2017

100%IRT 556 569 592 603 614 637 613 605 663
85%IRT 496 519 523 512 537 532 574 584 567
70%IRT 426 445 484 438 432 495 485 465 485

RFT 365 372 444 365 372 444 365 372 444

3.3. Effect of Irrigation Rate and Frequency on Flue-Cured Tobacco Yield

For different treatments, the flue-cured tobacco yield ranged from 1136 to 2306 kg ha−1, 1302 to
2248 kg ha−1, and 832 to 1859 kg ha−1 in 2015, 2016, and 2017, respectively (Table 6). The wettest year
had the highest yield.

The interannual variation in yield under RFT treatment was most significant. The uneven
distribution of rainfall amount and rainfall time exacerbated the instability of RFT treated yield.
The RFT treatment reached a maximum yield of 1428 kg ha−1 in 2015. The flue-cured tobacco yield had
a quadratic relationship with irrigation amount, where yield increased with irrigation amount from
RFT to 100% IRT. One-way ANOVA results showed that there were non-significant differences in low,
medium, and high frequencies. According to the data of 2015, 2016, and 2017, there were significant
difference in yield between RFT and 70% IRT treatments (p = 0.0001), and between 70% IRT and 100%
IRT treatments (p = 0.004), while there were non-significant difference in yield between 70% IRT and
85% IRT treatments (p = 0.335), and between 85% IRT and 100% IRT treatments (p = 0.051). Compared
to 100% IRT treatment, 85% IRT treatment reduced yield by 0.04% to 24.33%, 75% of IRT treatment
decreased by 8.14% to 30.53%, and RFT treatment decreased by 38.07% to 52.43%.
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Table 6. Flue-tobacco yield (kg ha−1) for the low, medium, and high irrigation frequency treatments
under various irrigation rates in 2015, 2016, and 2017.

Irrigation Low Frequency Medium Frequency High Frequency

Rate 2015 2016 2017 2015 2016 2017 2015 2016 2017

100%IRT 2206 2165 1749 2306 2249 1791 1989 2018 1859
85%IRT 1735 2005 1380 1745 2248 1465 1896 1999 1691
70%IRT 1654 1923 1247 1602 2066 1345 1756 1834 1609

RFT 1311 1036 832 1428 1056 865 1302 1124 984

3.4. Relationship between Flue-Cured Tobacco Yield, Eta, and Irrigation Amount

The flue-cured tobacco yield had a quadratic relationship with ETa. The corresponding R2 were
0.83, 0.67, and 0.81 in 2015, 2016, and 2017, respectively (Figure 3). With the increase in ETa, the yield
showed an increase and then decrease (Figure 3). The coefficient of determination, R2, was the smallest
in 2016, and the ETa in 2016 had the least effect on the yield of flue-cured tobacco. The determination
coefficients of flue-cured tobacco yield and ETa under high, medium, and low irrigation frequencies
were 0.38, 0.36, and 0.52 in 2015, 2016, and 2017, respectively (Figure 4). It can be seen from Figure 4
that yield increased as ETa increased, and yield under high frequency irrigation was lower than that
under medium and low frequency irrigation. The flue-cured tobacco yield had a quadratic relationship
with irrigation amount, and the decision coefficients R2 were 0.89, 0.95, and 0.93 in 2015, 2016, and 2017,
respectively (Figure 5). The yield of flue-cured tobacco and the irrigation amount R2 was 0.58, 0.53,
and 0.85 under low, medium, and high irrigation frequencies, respectively (Figure 6). The flue-cured
tobacco yield in the driest year of 2017 was significantly lower than that in 2015 and 2016. The pooled
2015–2017 data showed that the tobacco yield had a curvilinear relationship with irrgation amount
(Figure 7). Yield was significantly affected by irrigation amount in 2015, 2016, and 2017, while the
irrigation frequency was not significant during the 2015, 2016, and 2017 growing duration, and the
interacting effect was not significant.
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Figure 3. Relationship between flue-cured tobacco yield (kg ha−1) and evapotranspiration (ETa; mm)
in 2015, 2016, and 2017 during flue-cured tobacco growing season.
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Figure 4. Flue-tobacco yield (kg ha−1) response to evapotranspiration (ETa; mm) under low, medium,
and high irrigation frequency treatments under various irrigation levels.
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Figure 5. Relationship between flue-tobacco yield (kg ha−1) and irrigation amount (mm) for 2015, 2016,
and 2017 growing seasons.
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Figure 6. Tobacco yield (kg ha−1) response to seasonal irrigation amount (mm) under low, medium,
and high irrigation treatments under different irrigation levels.



Agronomy 2019, 9, 624 10 of 14

Agronomy 2019, 9, x FOR PEER REVIEW 10 of 14 

 

Figure 6. Tobacco yield (kg ha−1) response to seasonal irrigation amount (mm) under low, medium, 

and high irrigation treatments under different irrigation levels. 

 

Figure 7. Tobacco yield (kg ha-1) response to seasonal irrigation amount (mm) for the combined 

years of 2015, 2016, and 2017. 

3.5. The Relationship between IWUE and Irrigation Amount 

According to Doorenbos [28], when the precipitation does not meet crop water requirement, 

IWUE is lower in the year of less precipitation. Payero et al. [29] on maize’s IWUE, Djaman et al. [30] 

on wheat’s IWUE, and Djaman et al. [31] on maize’s IWUE all demonstrated that IWUE decreased 

linearly with irrigation amount, both in wet or dry growing seasons, and IWUE in a wet year was 

higher than a dry year. Different from corn and wheat, our results showed that IWUE increased with 

irrigation amount, but the similar results show that IWUE in the wet year was higher than the dry 

year, where flue-tobacco IWUE varied from 0.31 to 0.40 kg m−3, 0.25 to 0.48 kg m−3, and from 0.19 to 

0.33 kg m−3 in 2015, 2016, and 2017, respectively (Figure 8). The average IWUE was 0.35 kg m−3, 0.36 

y Low= -0.0044x2 + 4.6968x + 1081.4

R² = 0.5822

y Medium= -0.0139x2 + 6.6946x + 1118.5

R² = 0.5273

y High = -0.0122x2 + 6.0365x + 1143

R² = 0.8448
0

500

1000

1500

2000

2500

0 50 100 150 200 250 300 350

Y
ie

ld
 (

kg
 h

a-1
)

Irrigation amount (mm)

Low frequency

Medium frequency

High frequency

Poly. (Low frequency)

Poly. (Medium frequency)

Poly. (High frequency)

Pooled data (2015, 2016, 2017)
y = -0.0122x2 + 6.5177x + 1001.2

R² = 0.6333

0

500

1000

1500

2000

2500

0 5 0 1 0 0 1 5 0 2 0 0 2 5 0 3 0 0 3 5 0

Yi
el

d
 (

kg
 h

a-1
)

Irrigation amount (mm)

2015
2016
2017

Figure 7. Tobacco yield (kg ha−1) response to seasonal irrigation amount (mm) for the combined years
of 2015, 2016, and 2017.

3.5. The Relationship between IWUE and Irrigation Amount

According to Doorenbos [28], when the precipitation does not meet crop water requirement,
IWUE is lower in the year of less precipitation. Payero et al. [29] on maize’s IWUE, Djaman et al. [30]
on wheat’s IWUE, and Djaman et al. [31] on maize’s IWUE all demonstrated that IWUE decreased
linearly with irrigation amount, both in wet or dry growing seasons, and IWUE in a wet year was
higher than a dry year. Different from corn and wheat, our results showed that IWUE increased with
irrigation amount, but the similar results show that IWUE in the wet year was higher than the dry
year, where flue-tobacco IWUE varied from 0.31 to 0.40 kg m−3, 0.25 to 0.48 kg m−3, and from 0.19
to 0.33 kg m−3 in 2015, 2016, and 2017, respectively (Figure 8). The average IWUE was 0.35 kg m−3,
0.36 kg m−3, and 0.26 kg m−3 in 2015, 2016, and 2017, respectively. The IWUE in the driest year 2017
was lower than IWUE in the wet years 2015 and 2016.
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Figure 8. Relationship between irrigation water use efficiency (IWUE; kg m−3) and Irrigation amount
(mm) in 2015, 2016, and 2017 and pooled data.
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3.6. The Relationship between CWUE and ETa

Flue-tobacco CWUE varied from 0.13 to 0.40 kg m−3, 0.25 to 0.48 kg m−3, and from 0.19 to
0.33 kg m−3 in 2015, 2016, and 2017, respectively (Figure 9). The average CWUE was 0.35 kg m−3,
0.36 kg m−3, and 0.26 kg m−3 in 2015, 2016, and 2017, respectively. The CWUE in the driest year, 2017,
was lower than CWUE in the wet years 2015 and 2016. CWUE in 2017 was 8% to 46% lower than CWUE
in 2015, and 13% to 43% lower than CWUE in 2016. The average CWUE was 0.33 kg m−3, 0.33 kg m−3,
and 0.31 kg m−3 under high, medium, and low irrigation frequencies, respectively (Figure 10).
The CWUE ranged from 0.19 to 0.43 kg m−3, from 0.19 to 0.48 kg m−3, and from 0.20 to 0.39 kg m−3

under high, medium, and low irrigation frequencies, respectively (Figure 10). The determination
coefficients R2 of CWUE and yield were 0.75, 0.67, and 0.54 under high, medium, and low irrigation
frequencies, respectively (Figure 11). The CWUE in the driest year 2017 was significantly lower than
the CWUE in the years of 2015 and 2016, and there was no significant difference in CWUE under
different irrigation frequency.
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Figure 9. Relationship between water use efficiency (CWUE; kg m−3) and evapotranspiration (ETa,
mm) in 2015, 2016, and 2017 and pooled data.
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Figure 10. Relationship between water use efficiency (CWUE; kg m−3) and evapotranspiration (ETa,
mm) under high, medium, and low irrigation frequencies and pooled data.
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Figure 11. Relationship between yield (kg ha−1) and water use efficiency (CWUE; kg m−3) under high,
medium, and low irrigation frequencies and pooled data.

4. Summary and Conclusions

Field experiments were conducted for flue-tobacco at the Nanjing Vegetable and Flower Research
Institute, Middle of China during the 2015, 2016, and 2017 growing seasons. The experiments were
conducted to evaluate the effects of irrigation amount and irrigation frequency on flue-cured tobacco
water consumption, yield, and water use efficiency. The 100% IRT treatment irrigation amount ranged
from 213 mm to 290 mm. The highest irrigation amount was in the driest year (2017), and the
corresponding ETa ranged from 446 to 663 mm. Based on the three years of experimental data, there
was no significant difference in the effect of irrigation frequency on the yield of flue-cured tobacco.

The yield of flue-cured tobacco increased first and then decreased with the increase of ETa.
The flue-cured tobacco yield ranged from 1302 to 2306 kg ha−1, 1036 to 2249 kg ha−1, and 832 to
1859 kg ha−1 in 2015, 2016, and 2017, respectively. The flue-cured tobacco yield had a quadratic
relationship with irrigation amount. In line with Kang’s results [9], ETa was greatest under the highest
irrigation levels, and the relationship between yield and ETa was also a quadratic function, while
the yield showed an increase and then decrease with the increase of ETa. Therefore, the appropriate
low irrigation amount may make it possible to increase CWUE and reduce water consumption [32].
The annual yield of RFT treatment was significantly different (p > 0.05), which was mainly due to the
uneven distribution of rainfall and ETa. CWUE increased with an increase in ETa. CWUE in 2017 (the
driest year) was significantly lower than that in 2016 (medium dry year), and 2015 (the wettest year),
and there was no significant difference under different irrigation frequencies. The results of this study
can provide a reference for flue-cured tobacco research and production in the same climatic conditions
in central China.
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