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Effects of water and salt coordinated regulation at the different growth
stages on water consumption and yield of tomato

Weihua Wang’, Yidan Gong
(Faculty of Agriculture and Food, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: The objective of this study was to explore the effects of different degrees of water and salt stress on the actual water
consumption and soil salt accumulation of tomatoes and the salt tolerance characteristics of tomatoes under brackish water
combined with regulated deficit irrigation mode. The greenhouse pot experiment was used to set three influencing factors, the
irrigation water salinity S1 was 1.1 g/L (local shallow groundwater), S2 was 2.0 g/L, and S3 was 4.0 g/L, respectively, and
different degrees of water deficit (W1 ranged from 65%-75% Field Capacity (FC), W2 ranged from 55%-65% FC, W3 ranged
from 45%-55% FC) and seedling stage (T1), blossoming and bearing fruits stage (T2) and mature picking stage (T3). The
response of fresh fruit weight, stems and leaves weight, yield and water use efficiency of tomato under water and salt stress
were monitored and analyzed. The results showed the coordinated regulation of water and salt can significantly reduce the
electrical conductivity of the 0-30 cm soil of the tomato root system. The higher the salinity of irrigation water, the better the
salt control effects of the coordinated regulation of water and salt; the coordinated regulation of water and salt at different
growth stages had significant effects on the weight of fresh tomato fruits, the weight of stems and leaves and the yield. The
salinity of irrigation water was in inverse proportion to the yield of tomatoes; In S1 treatment irrigation (irrigation water salinity
was 1.1 g/L) under the mildly regulated deficit in the seedling stage (irrigation water was 55%-65% of the field water capacity)
can effectively reduce the irrigation water volume during the whole growth stage while ensuring that there was no significant
reduction in yield. The research results provided a scientific and reliable theoretical basis for the increase of local tomato
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production, the improvement of water use efficiency and the formulation of suitable irrigation patterns.
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1 Introduction

Soil salinization is one of the serious environmental problems
in the world, and it is also the main environmental factor restricting
the growth and development of crops!', and with global climate
change and the increasing proportion of farmland irrigation, it has a
serious impact on agricultural production and development™?!.
Therefore, the development and utilization of brackish water and
saline water resources has a broad prospect. At present, the
response of crops under water and salt stress, and the relationship
among plants, water and soil in arid soil salinization environments
have become key issues in the fields of agricultural water
conservancy and environmental ecology'. According to the
response of crops to water stress, most of the research conclusions
are that water stress has a negative effect, causing damage to crop
growth and development and reducing the yield, but at the same
time, it will improve crop resistance and environmental
adaptability™. Research by Wang et al.l’! showed that when
lacking water, osmotic adjustment substances are accumulated in
the cells of crops to reduce water potential and maintain normal life
activities. Different salts and ion content in the soil have different
effects on different growth stages of crops. Lower salt content has
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no obvious effect on the physiological growth process of plants and
crop yield. ~When the limit of the crop’s characteristics is
exceeded, stress will occur, so it is necessary to clarify the
threshold that crops exceed a certain salt through researches.
Research by Orsini et al.l”! showed that a reasonable irrigation
system can adjust the comprehensive effects brought by water, salt,
and fertilizer, improve soil water holding capacity, and create a
suitable micro-environment for crop growth and development.
Study of Zhang et al.®! showed that applying moderate water stress
during grape germination can increase grape Yyield, water
production efficiency and irrigation water utilization rate; under the
mild water stress treatment at the mature stage, grape quality
indicators are significantly higher than the full irrigation treatment
in the whole growth stage. Under the condition of lack of water
resources, the water-saving system of regulated deficit irrigation
should be popularized. Studying the fine management of the
different growth stages of the same crop to adopting the most
reasonable water resource allocation is an effective measure to
improve the effect of water-saving irrigation and the benefits of
€conomic crops.

At present, the researches on the application model of the
impact of single regulated deficit irrigation or brackish water
irrigation on crop yield and quality focus on the salinity of brackish
water, the amount of freshwater irrigation, and the optimization of
the allocation of freshwater in different growth stages®™. However,
it is still unclear how the change of soil solute potential affects the
soil water condition, how the variation of soil water indirectly
affects the temporal and spatial distribution of salt, and what effects
the uneven distribution of soil water and salt will have on the



July, 2021

Wang W H, et al. Effects of water and salt stress on water consumption and yield of tomato

Vol. 14No.4 97

parameters of the plant root system and canopy and yield.
Combining brackish water irrigation with regulated deficit
irrigation to formulate optimized irrigation models for different
brackish water irrigation volumes in different growth stages, and to
establish reasonable farmland water management systems under the
coordinated control of water and salt, and finally achieve the
production purposes which water-saving, increasing yield and
enhancing quality have become the important topics.

Tomato fruit has rich nutrition and is planted widely. It is
one of the main facility vegetables and economic crops in China.
Tomatoes are extremely sensitive to water and have a long growth
stage, there is a great difference in water requirements at different
growth stages!!®.
situation which is the shortage of agricultural water resources and

Combining with China’s currently serious

the secondary salinization of the soil. This study proposed and
evaluated the brackish water deficit-regulated precision irrigation
model with the goal of water-saving and increasing production for
tomatoes, the local economic crop. Using saline water with
different salt concentrations and combining with a deficit-regulated
irrigation model to study the impacts of coordinated regulation of
water and salt in different growth stages on water use efficiency
and yield, to determine suitable local water-saving and
yield-increasing irrigation indicators, in order to make up for the
lack of research on crop root growth mechanism under water and
salt stress, to provide a reference for guiding the scientific
production of tomatoes in this region, improving the level of water

management, and formulating the best irrigation systems for crops.
2 Materials and methods

2.1 General situations of the experimental area

The experiment was carried out in a greenhouse for
agricultural water and soil engineering in the College of
Agriculture and Food, Kunming University of Science and
Technology from June 2018 to November 2019, which was located
in Chenggong District, Kunming City, Yunnan Province, China
(24°50'56"N, 102°51'49"E), The soil for the experiment was
selected from the surface soil in the greenhouse. The soil texture
was clay loam. The basic soil physical and chemical properties
are in Table 1. The form of pot experiment was utilized. The
flower pot for potting was a standard truncated cone, it was a
plastic bucket with a top diameter of 28 cm, a bottom diameter of
22 cm, a height of 36 cm and a volume of 17 756 cm®.  The plastic
bucket was perforated at the bottom in consideration of water
permeability and air permeability of the roots, a bucket has 5 holes
with a diameter of 5 mm. The number and size of the hole of each
bucket were the same. In order to accurately control irrigation
and the distribution of soil salinity, try to put the soil through a
2 mm sieve after natural air drying, and fill the soil with a natural
bulk density of 1.285 g/cm’, the soil weight per pot was calculated
to be 22.8 kg. During the experiment period, the soil moisture
content was measured by the weight method every other day. The
irrigation scheme adopts drip irrigation, and the dripping flow rate
was 1 L/h.

Table 1 Basic soil physical and chemical properties

Natural bulk density of soil pH Field capacity Organic matter Alkali;lifrgggrrlolysis Available phosphorus
1.285 g/em® 6.7 22.56% 10.11 g/kg 60.18 mg/kg 30.05 mg/kg
Available potassium Soil depth Clay Silt Sand Soil texture
118.51 mg/kg 0-30 cm 17.08% 29.65% 53.27% Clay loam

2.2 Experimental design

According to local planting mode, the test tomato ‘Stone
T1228 was purchased from Baoshan City, Yunnan Province. It
is an unlimited growth type and is suitable for planting in a
greenhouse in early spring or autumn. In this experiment, the
growth stage of tomatoes was divided into three stages: seedling
stage, blossoming and bearing fruits stage, and mature picking
stage. Plump and disease-free tomato seeds were sown on a foam
board with a well-divided grid (3 grains/grid) and contained
nutrient medium (humus+perlite) for seeds germination. The
floating board was placed in clear water for suspension breeding.
When the seedlings grow to four leaves and one heart, the seedlings
with the same growth were selected for transplantation and the
seedlings were fixed after 7 d of transplantation. Tomato seedling
stage (July): from field planting to the opening of the first flower of
the first inflorescence. Flowering and fruit set period (August
September): from the first flower of the first inflorescence to the
first fruit of the first inflorescence to the size of a table tennis ball
(diameter up to 3 cm).
November): from the first fruit of the first inflorescence to the size

Mature picking stage (September -

of a ping-pong ball, to the end of fruit harvest until seedling pulling.

The topping treatment was started at 5-6 ears/plant. According to
the planting experiences of local farmers, 3 fruits were left in the
first ear, 4 fruits in the second to fifth ears, and 5 fruits in the sixth
ear. Fertilizer was applied 3 times during the whole growth stage
of the tomatoes. The first time, the base fertilizer was applied
before the tomato planting, the second time and the third time were

applied when the fruits of the first and second ears swelled,
application amount was 3.18 g urea (N), 1.81 g potassium sulfate
(K), 4.62 g enzyme active phosphate fertilizer (P) every time, the
same amount of fertilizer for three times, using the local agronomic
measures to control pests and weeds.

Three influencing factors were set up in the tomatoes brackish
water regulated deficit irrigation experiment, namely the salinity
of the irrigation water, different irrigation amount and the growth
stages of the water deficit. Irrigation water salt concentration
was set to 3 levels, namely low concentration salt stress S1,
medium concentration salt stress S2 and high concentration salt
stress S;, the irrigation water salinities were 1.1 g/L, 2.0 g/L and
4.0 g/L, respectively.
was 1.1 g/L, and irrigation water with other salinities was
configured by mixing NaCl with local shallow groundwater.
Three kinds of water treatments were set up in this experiment,
normal water treatment W1 (soil moisture content was 65%-75%
Field Capacity (FC)), mild water stress treatment W2 (soil
moisture content was 55%-65% FC), moderated water stress
treatment W3 (soil moisture content was 45% to 55% FC). The
period of water deficit occurred in the T1 (seedling stage), T2
(blossoming and bearing fruits stage), or T3 (mature picking
stage).
different salinity, and the control group was fully irrigated during
the whole growth period, except for the three control groups
(S1W1, S2WI1, and S3WI1), the other treatments were only
irrigated with water deficit in one growth period and fully irrigated

The local shallow groundwater salinity

A control group was set up for each treatment with
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in the other two growth periods (Table 2). This experiment was a
three-factor completely orthogonal experiment, so 18 treatments
were set, and under the condition of three kinds of salt
concentrations, a full irrigation treatment during the whole growth

stage was set as a control treatment. Therefore, a total of 21
treatments were set up in this experiment, with seven repetitions
Table 2 shows the description of the
treatment settings for the irrigation test.

for each treatment.

Table 2 Test treatment designs of tomato brackish water regulated deficit irrigation

Growth stages of tomatoes

Salinity Treatments Irrigation amount
Tl T2 T3
S1W1 Wi Wi Wi Wi
SIW2T1 W2 Wi Wi
S1IW2T2 W2 W1 W2 Wi
(I.IS;/L) S1W2T3 W1 Wi w2
SIW3T1 W3 W1 Wi
S1W3T2 W3 \\4! w3 W1
S1IW3T3 Wi Wi W3
S2W1 Wi Wi Wi Wi
S2W2T1 W2 Wi Wi
S2W2T2 W2 W1 W2 Wi
@ sg%L) S2W2T3 W1 Wi w2
S2W3T1 W3 W1 Wi
S2W3T2 W3 \\4! w3 W1
S2W3T3 Wi Wi W3
S3W1 Wi Wi Wi Wi
S3W2T1 W2 Wi Wi
S3W2T2 W2 W1 W2 Wi
(4Sg§L) S3W2T3 W1 Wi w2
S3W3T1 w3 Wi Wi
S3W3T2 W3 \\4! w3 W1
S3W3T3 Wi Wi W3

Note: FC: Field Capacity; S1: Low concentration salt stress; S2: Medium concentration salt stress; S3: High concentration salt stress; W1: 65%-75% FC; W2: 55%-65%
FC; W3: 45%-55% FC; T1: Seedling stage; T2: Blossoming and bearing fruits stage; T3: Mature picking stage, the same as below.

2.3 Measurement items and methods
2.3.1 Monitoring of meteorological data

1) Determination of temperature and humidity: The small
meteorological instrument was used to observe the temperature
and humidity in the greenhouse. Figure 1 shows the variation
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Figure 1

2.3.2  Determination of soil parameters

1) Soil dry bulk density and field capacity: The indoor cutting
ring method was adopted. The measuring depth was 30 cm,
measuring once every 10 cm and repeated 3 times each time; 2)
Soil moisture content: It was calculated by weighing method; 3)
Soil salinity: Collecting soil samples for each treatment every 10 d
to detect soil salinity. The soil samples were collected in 3 layers
at 10 cm intervals. Air-dried and ground passed through a 2 mm
sieve and measured soil salinity in the laboratory at a soil-water

curve of daily maximum temperature and daily mean humidity
during the test stage in the greenhouse; 2) Determination of
water surface evaporation: The E-601 evaporating dish was used
for the measurement, and the observation time was 8:00 every
morning.
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Climate variables during the growing seasons of tomato in 2018 and 2019

ratio of 1:5. 4) Soil electrical conductivity (EC): EC measured
about every 10 d during the entire growth stage. The soil was
taken from the upper layer (10 cm), middle layer (20 cm), and
bottom layer (30 cm), respectively, and finally calculated the
change of the average soil electrical conductivity of 0-30 cm. The
determination of soil EC was divided into two parts, extraction and
determination. The sample solution was extracted by the leaching
method with a soil-water mass ratio of 1:5. The soil sample was
air-dried soil, crushed with a mortar, passed through a 1 mm sieve,
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weighed into a centrifuge tube, added 5 times decarbonized
distilled water, and shaken for 3 min, centrifuge for 5 min, used
DDS-307A electrical conductivity meter to measure, repeated
reading 3 times for each EC measurement. The above indicators
were weighed every time after taking soil. After took the soil,
added the soil according to the weighing number, marked the
location of the drilling and taking soil, and took the soil diagonally,
took soil for each potted plant at most twice.

2.3.3 Crop water consumption, water consumption intensity and
water use efficiency

This study used the water balance method to calculate the
actual water consumption of tomatoes with different irrigation
treatments. The specific equation is

ETo=P+I+AW-R-D )
where, ET( is crop water consumption, mm; P is precipitation, mm;
[ is irrigation water consumption, mm; AW is soil moisture change;
R is surface runoff, mm; D is deep penetration, mm. This
experiment was a pot experiment conducted in a greenhouse.
There was no precipitation and groundwater replenishment, and the
irrigation had not deep leakage. Therefore, precipitation, surface
runoff and deep leakage can be ignored, P=0, R=0, D=0. The
equation can be simplified to Equation (2). According to the
water balance equation, the water consumption equation for each
growth stage of tomatoes can be simplified, such as
ETc=1+AW 2)

Water consumption intensity is the ratio of water consumption
to the number of days of the growth stage in mm/d.

Water use efficiency (kg/m’) is the increase in output of the
unit water consumption. The calculation equation of crop water
use efficiency is

WUE=Y,/ET, 3)
where, WUE is the crop water use efficiency, kg/m3 ; Y, is the crop
economic yield, t/hm?; ET, is the actual crop water consumption,
mm.

2.3.4 Determination of tomato yield

Chose three tomato plants with the same growth vigor for each
treatment, measured the fruit diameter with a vernier caliper when
the tomatoes were mature for picking.

In the late experiment stage, the fruits were fully mature, three
tomato plants with similar growth vigor were selected in each
treatment, and all the fruits were picked and washed with distilled
water and dried, then weighed on an electronic scale to record the
fresh weight of the fruits and calculate the average value.

According to the yield per plant and the planting experiences
of the local farmers, it was calculated by planting 27 000 plants/hn’.
2.4 Data processing and analysis

Test data and graphs were processed by Excel, SPSS 19.0
(Analysis of variance and significance, the significant difference
was 0.05) and Origin 2018.

3 Results

3.1 Changeable rule of soil electrical conductivity

Table 3 shows the change of the average electrical conductivity
of the soil from 0 to 30 cm in each growth stage from 2018 to 2019.
In 2018, the variation range of average electrical conductivity of
the soil during the seedling stage, blossoming and bearing fruits
stage, and fruiting stage are 144.270-1002.211 um/cm, 179.652-
1145.670 pum/cm, and 219.949-1232.287 um/cm, respectively.
Under each treatment, the soil electrical conductivity accumulates
continuously with the growth of crops. Similar to 2018, the
variation range of soil electrical conductivity in each stage in 2019

were 130.887-991.612 um/cm, 166.561-1129.011 um/cm, 213.935-
1232.287 um/cm. Due to the two-year difference in temperature,
the amount of irrigation water (crop water consumption) in 2019
was more than in 2018, so the accumulated salt in the soil was
higher than in 2018, the average increase of each treatment was
2.34%. So, the soil electrical conductivity under brackish water
irrigation increases with the increase of irrigation quantity. The
reasons for the increase were related to the temperature and
humidity in the greenhouse. According to Figure 1, the daily
maximum temperature in 2019 was higher than that in 2018 for
most of the time. High temperature and low humidity accelerated
the evaporation and transpiration of plants, and increase the
intensity of water consumption.

Taking the average soil electrical conductivity of the mature
picking stage in 2019 as an example, analyzed the change law of
soil electrical conductivity of each treatment under different
water-salt regulations. In the freshwater irrigation treatments in
2019, compared with SIW1 in the seedling stage, conductivities of
SIW2T1 and S1IW3T1 treatments were lower than that of other
treatments, with a decrease of 8.5% and 9.1%, respectively,
compared with SIW1 in the blossoming and bearing fruits stage,
the soil electrical conductivity of SIW2T2 and SIW3T2 treatments
were lower than that of other treatments, with a decrease of 9.3%
and 9.7%, respectively, compared with SIW1 in the mature picking
stage, the soil electrical conductivity of SIW2T3 and S1W3T3
treatments were lower than other treatments, with a decrease of
5.4% and 5.1%, respectively. Therefore, water deficit during the
blossoming and bearing fruits stage and the seedling stage can
significantly reduce the salt accumulation in the soil, and it also
indicates that the blossoming and bearing fruits stage and the
seedling stage under freshwater conditions are the key stages for
water consumption.

Taking the change of the average electrical conductivity of the
0-30 cm soil of the root system during the fruiting stage in 2019 as
an example, when the irrigation water salinity was 2 g/L, compared
with fully irrigation S2W1, the soil electrical conductivity of
S2W2T1, S2W2T2, S2W3T1, S2W3T2 treatments in the seedling
stage, blossoming and bearing fruits stage, and mature picking
stage are reduced significantly, and the reduction rate was smaller
than the treatment of fresh water irrigation, with a reduction of
2.3%, 4.8%, 3.9% and 7.1%, respectively. However, the soil
electrical conductivity of S2W2T3 and S2W3T3 in the fruiting
stage of the deficit treatment has little difference, which was 0.8%
and 0.7% lower than that of S2W1, respectively. This shows that
the irrigation in the blossoming and bearing fruits stage and fruiting
stage are also affected by salt stress after the seedling stage was
irrigated with brackish water, but the self-consumption of water in
the fruiting stage was less than that in the blossoming and bearing
fruits stage, so the impact on the fruiting stage was less.

With the increase of the salt concentration in the soil, the soil
conductivity under the full irrigation treatments (S1W1, S2W1 and
S3W1) in 2018 and 2019 were significantly higher than other
treatments. When the salinity was 4 g/L, the soil electrical
conductivity of the fruiting stage under the full irrigation treatment
in 2018 and 2019 increased by 4.8% and 5.3% on average
This indicates that when the
salinity of irrigation reaches a certain level, water deficit in any

compared with other treatments.

growth stage will significantly reduce the accumulation of salt in
the soil. Therefore, when the salinity reaches 4 g/L, proper water
control at different growth stages will significantly improve soil
salinization.
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Table 3 Soil EC at 0-30 cm with different growth stages

Electric conductivity of T1/us-cm

Electric conductivity of T2/us‘cm™

1

Electric conductivity of T3/us‘cm”

1

2019

2018

2019

Treatments
2018 2019 2018
S1W1 154.135+11.75 139.672+9.24 200.341+14.78
SIW2T1 143.211+16.10 127.770+7.87 200.312+13.92
S1IW2T2 154.135+13.25 139.762+11.51 181.652+16.01
S1W2T3 154.134+10.41 139.672+8.91 200.340+15.21
S1IW3T1 143.008+17.46 127.029+9.56 200.311+21.20
S1W3T2 154.135+18.11 139.671+11.21 181.769+13.87
S1W3T3 154.135+ 13.65 139.672+14.07 200.341+17.15
S2W1 447.707+27.21 434.197+31.23 524.551+25.87
S2W2T1 385.476+21.32 373.409+20.45 520.692+30.76
S2W2T2 447.707+35.21 434.197+18.76 498.710+33.61
S2W2T3 447.707+29.57 434.197+25.49 524.551+£36.57
S2W3T1 372.492+19.57 361.140+30.21 520.473+£27.81
S2W3T2 447.707+26.43 434.197+32.01 499.014+35.51
S2W3T3 447.706+31.24 434.197+35.51 524.551+£39.21
S3W1 1002.211+49.97 991.612+49.21 1145.670+59.79
S3W2T1 863.906+41.22 855.781+50.17 1121.110+ 61.23
S3W2T2 1002.211+50.24 991.612+54.67 1058.801+58.71
S3W2T3 1002.210+55.21 991.613+£57.24 1145.670+61.51
S3W3T1 858.896+42.01 847.828+43.66 1113.378+51.27
S3W3T2 1002.211+48.16 991.612+59.91 1091.093+58.91
S3W3T3 1002.211+53.88 991.612+55.39 1145.670+61.33

187.882 £15.24
187.271420.13
168.561+13.21
187.713+17.42
186.991+15.47
169.599+14.21
187.881+15.32
510.334+25.53
507.231£30.21
485.997+31.27
510.333+£32.21
505.281+28.80
486.110+30.13
510.334+33.41
1129.011+40.31
1101.239+43.21
1049.886+45.67
1129.012+51.78
1100.309+55.87
1054.876+52.71
1129.011+59.98

247.581+16.14
249.681+20.81
219.949+17.74
242.139421.25
249.349+25.13
230.228+18.16
243.602+15.73
667.782+27.87
651.818+28.81
605.008+26.68
662.912+30.12
641.266+31.25
620.972+£29.87
656.688+34.51
1247.298+42.87
1193.770+47.92
1144.450+50.67
1224.482+54.76
1188.074+48.67
1123.261+55.87
1214.750+60.61

229.791+20.71
231.400+ 17.74
204.284+17.71
217.382+20.13
231.400+22.15
213.935+18.54
218.072+17.77
655.131+£30.57
640.063+32.76
623.685+34.21
649.890+33.76
629.581+ 37.56
608.617+34.89
650.545+31.68
1232.287+49.98
1186.692+51.27
1137.401+53.98
1213.803+58.17
1176.834+50.32
1120.149+53.98
1205.177+55.17

3.2 Water consumption and water consumption rate

Figure 2 shows that no matter which growth stages occur the
water deficit in different degrees, there was a significant downward
trend with the increasing of irrigation salinity gradient during the
whole growth stages. In 2018 and 2019, the total water
consumption of tomatoes during the whole growth stage was
357.51-244.79 mm and 393.91-266.91 mm, respectively. Among
them, the water consumption was the largest under the low-salt full
irrigation treatment, the water consumption of the salinity was 4 g/L
and the severe deficit treatment during the mature picking stage was
the smallest. With the increase of salt concentration in the soil, the
water consumption of each treatment under full irrigation was
significantly reduced during the full growth stage. In 2018,
compared with the low-salt full irrigation treatment, the water
consumption of the full irrigation treatments with a salinity of 2 g/L
and 4 g/L reduced by 5.3% and 8.8%, respectively. It can be seen

B Seedling stage

B Blossoming and bearing fruits stage

400 - B Mature picking stage
350 Hi

300
250
200
150
100

Water consumption/mm

S2ZW2T3 M

RDI in seedling stage | RDI in blossoming and

bearing fruits stage

RDI in mature picking
stage

Treatment

a.2018

that salt stress can significantly reduce crop water consumption.
When considering the total crop water consumption under the
coordinated regulation of different levels of water and salt, it can be
found that under the condition of water deficit during the
blossoming and bearing fruits stage in 2018 and 2019, the
relationships between the total irrigation amount during the whole
growth stage are SIW3T2 less than S2W2T1, S2W3T2 greater than
S3W2T2, and the seedling stage was consistent with the mature
picking stage, its total irrigation amount relationships are SIW3T1
greater than S2W2T1, S2W3T1 greater than S3W2T1, S1W3T3
greater than S2W2T3, S2W3T3 greater than S3W2T3, indicating
that the blossoming and bearing fruits stage was a sensitive stage for
crop water consumption under the freshwater regulated deficit
irrigation. Under the coordinated regulation of water and salt,
irrigation salinity plays a major role in reducing crop water
consumption, and the impact degree was greater than water deficit.

B Seedling stage

B Blossoming and bearing fruits stage

400 ¢ Mature picking stage

Water consumption/mm
g
S

S1W2T2

RDI in seedling stage

RDI in blossoming and
bearing fruits stage

RDI in mature picking
stage

Treatment
b. 2019

Note: RDI: Regulated deficit irrigation. S1: Low concentration salt stress; S2: Medium concentration salt stress; S3: High concentration salt stress. W1: 65%-75%FC;
W2: 55%-65%FC; W3: 45%-55% FC; T1: Seedling stage; T2: Blossoming and bearing fruits stage; T3: Mature picking stage, the same as below.

Figure 2 Effects of coordinated regulation of water and salt at different growth stages on water consumption during the whole growth stage
in 2018 and 2019
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Under the low-salt irrigation treatment, compared with full
irrigation during the whole growth stage, there was no significant
difference in water consumption in 2018 and 2019 under SIW1 and
SIW2T1 treatments when slightly regulated deficit irrigation
during the seedling stage. However, comparing with SIW1, the
water consumption of crops under the SIW2T1 treatment during
the mature picking stage in 2018 and 2019 increased by 5.4% and
4.4% respectively. This shows that only mild water stress in the
seedling stage has little effect on water consumption for the
subsequent growth stage of tomatoes, and instead, it promotes the
water consumption in the later stage and increases the water
consumption intensity of the crop. Under the mild water deficit
treatment with irrigation water salinity of 2 g/L, the same laws are
shown. When there was a slight water deficit in the seedling stage,
compared with full irrigation during the whole growth stage, the

water consumption during blossoming and bearing fruits stage
under the S2W2T1 intersecting S2W1 treatment increased by
0.29% and 0.42%, respectively, in 2018 and 2019, and the water
consumption in the fruiting stage increased by 2.65% and 5.26%,
respectively. However, when the salinity increased to 4 g/L,
this rule disappeared. Compared with the S3W1 treatment, the
water consumption of tomatoes during the blossoming and bearing
fruits stage and the mature picking stage was reduced after the mild
water deficit treatment at the seedling stage, in 2018 and 2019.
This shows that, when the tomato was irrigated with fresh water,
light water deficit irrigation at the seedling stage had no effect on
the water consumption of the tomato in the later stage, and can
even increase the water consumption intensity of the tomato during
the blossoming and bearing fruits stage and the mature picking
stage.

Table 4 Influences of water and salt stress on the water consumption rate of tomato in different growth stages in2018 and 2019
Water consumption rate of T1/mm-d " Water consumption rate of T2/mm-d " Water consumption rate of T3/mm-d "’
Treatment
2018 2019 2018 2019 2018 2019

SIW1 2.30+0.19° 2.65£0.17* 2.91+0.03" 3.19+0.21° 2.35+0.07° 2.55+0.08"
S1W2T1 1.96+0.02¢ 1.97+0.05¢ 2.89+0.01% 3.1440.13 2.48+0.05" 2.660.06"
S1W2T2 2.3240.37° 2.67+0.13° 2.55+0.02¢ 2.78+0.22¢ 2.27+0.06° 2.43+0.05°
SIW2T3 2.35+0.03° 2.69+0.20° 2.92+0.01% 3.16+0.30° 1.910.02" 2.08+0.062
SIW3TI 1.9120.29¢ 2.21+0.04¢ 2.62+0.03¢ 2.84+0.17¢ 2.28+0.04° 2.47+0.07°
SIW3T2 2.29+0.38% 2.63+0.11° 2.01£0.02" 2.27+0.18' 2.06+0.02¢ 2.2120.04°
SIW3T3 2.33+0.31° 2.69+0.24 2.93+0.03% 3.18+0.32° 1.52+0.01" 1.2940.04%
S2W1 1.97+0.12¢ 2.47+0.15% 2.79+0.17¢ 2.93+0.30° 2.310.13° 2.4120.05°
S2W2TI 1.3120.088 1.750.09" 2.80+0.21% 2.94+0.26° 2.37+0.05° 2.55+0.06°
S2W2T2 2.02+0.16 2.50+0.23° 2.3440.158 2.37+0.21" 2.21£0.12¢ 2.324+0.04¢
S2W2T3 2.03+0.21% 2.54+0.07° 2.82+0.24 2.94+0.28° 1.700.058 1.85+0.03
S2W3TI 1.11+0.03! 1.630.092 2.51+0.22¢ 2.67+0.18" 2.22+0.14° 2.34+0.06"
S2W3T2 1.9940.08¢ 2.50+0.13° 1.87+0.09 2.11£0.07 2.02+0.08¢ 2.1120.07"
S2W3T3 2.000.11% 2.57+0.32° 2.82+0.14 2.95+0.26° 1.39+0.041 1.12+0.02"
S3W1 1.78+0.12" 2.3240.21° 2.69+0.15¢ 2.80+0.22¢ 2.28+0.06° 2.3240.05¢
S3W2TI 1.2440.09" 1.48+0.07" 2.500.22¢ 2.56+0.26° 2.34+0.11° 2.460.05°
S3W2T2 1.8140.13¢ 2.34+0.12° 1.82+0.21° 2.01£0.18 2.17+0.07¢ 2.23+0.03°
S3W2T3 1.76+0.07" 2.34+0.08° 2.72+0.18° 2.83+0.20° 1.51+0.05" 1.740.04'
S3W3TI 0.94+0.03 1.4240.09' 2.43+0.16°" 2.53+0.318 2.18+0.06" 2.25+0.07°
S3W3T2 1.87+0.16° 2.3240.32° 1.65+0.08’ 1.65+0.18% 1.97+0.04" 2.03+0.08"
S3W3T3 1.88+0.20° 2.37+0.26° 2.7240.21° 2.804+0.23° 0.96+0.01' 1.00+0.01™

Note: Different lowercase letters in the same column represent significant differences among treatments, with a confidence interval of p<0.05.

3.3 Yield and water use efficiency
3.3.1 Effect of water and salt regulation on tomato fruit diameter
Fruit diameter is the most intuitive index of fruit yield and
quality. The change laws of fruit diameter in 2018 and 2019 were
similar. This study took the change of fruit diameter in 2018 as an
example. As shown in Figure 3, the fruit diameter of the mildly
regulated deficit W2T1 treatment under fresh water irrigation (S1)
in 2018 and 2019 was the largest, and the horizontal and vertical
diameters of tomato fruits were similar. Under mild water deficit
treatment, the seedling stage, blossoming and bearing fruits stage,
and fruiting stage were increased by 0.23%, decreased by 1.03%,
and decreased by 0.34% compared with the control group W1S1,
and under the moderate water deficit W2 treatment, these decreased
by 1.72% 3.33%, 2.41% respectively compared with the control
group. It can be seen that, under low salt stress, with the increase
of water deficit degree, the fruit diameter decrease continuously.
The results obtained from S2 and S3 salt treatment were
significantly different from S1 treatment. Under moderate salt
stress, the fruit diameter reduced an average of 3.01% than the

lower salt stress S1 treatment, and the high salt stress S3 treatment
reduced an average of 18.27% than S1 treatment. The horizontal
and vertical diameters of the fruits with W3T2 treatment under S3
salt stress were the smallest, W3T2 treatment decreased by 2.39%
on average than W3T1 treatments under S1 and S2 salinity, while
under severe salt stress S3 treatments, W3T2 treatments decreased
by 1.35% than W3T1 treatments. While in the S1 and S2 salt
concentrations, SIW3T1 and S2W3T1 treatments were reduced by
an average of 1.72% than the control SIW1 and S2W1 treatments.
In the severe salt stress S3, S3W3T1 was reduced by 11.44% than
the control S3W1. It can be seen that under severe salt stress (S3,
salinity was 4 g/L), compared with low-salt S1 and medium-salt S2
treatments under moderate water deficit irrigation, W3 irrigation
with moderate water deficit at T2 during blossoming and bearing
fruits stage was reduced small amplitude, but the moderate water
deficit treatment S3W3T1 at the seedling stage under severe salt
stress reduced significantly than the control group S3W1. This
was because the moderate water-salt stress exceeds the
self-regulating range of tomatoes in the seedling stage, which
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seriously affects the development of the blossoming and bearing
fruits stage and fruiting stage. The above summarized that when
the irrigation water salinity was the same, the slight water deficit at
the seedling stage and fruiting stage has little effect on the tomato
fruit diameter. Under mild salt stress (S1), the slight water deficit
at the seedling stage can even promote fruit development. The

effect of water deficit on fruit diameter during the growth stage was:

blossoming and bearing fruits stage greater than mature picking
stage greater than the seedling stage.
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Figure 3  Effects of different water and salt control treatments on
tomato fruit diameter in 2018
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3.3.2 Effects of water and salt regulation on the stems and leaves
weight of tomato after harvest time

It can be seen from Figure 4 that the stems and leaves weight
of tomato was inversely proportional to the salt concentration of
irrigation water, and water deficit treatment during the blossoming
and bearing fruits stage has the greatest impact on crop growth.
Under fresh water irrigation (S1), deficit irrigation during the
seedling stage (T1) can increase the weight of the fresh fruit of the
above-ground part of the tomatoes compared with the control group,
indicating that the blossoming and bearing fruits stage was
sensitive to moisture, and water-saving should not be carried out at
blossoming and bearing fruits stage. Because the results of 2018
and 2019 were similar, taking the results of 2018 as an example,
with the increase of the salt concentration, compared with W1
treatment, the W2T2 under S1, S2, and S3 treatments were reduced
by 2.13%, 4.87% and 8.74%, respectively. Showing that the
larger water and salt stress, the greater the decrease degree in
tomato stem and leaf weight. The increased level in stem and leaf
weight of tomato under S3 and water deficit treatment during T3
was the largest than S1 and S2 treatments, which was close to
seedling treatments. It indicates that under high salt stress no
matter what stage occurs water deficit will have a serious impact on
the subsequent growth and development of tomatoes. The salinity
of 4 g/L has exceeded the range that tomatoes can adjust by

themselves.
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Figure 4 Effects of coordinated regulation of water and salt in different growth stages in 2018 and 2019 on the weight of stems and
leaves of tomato after harvest time

3.3.3 Effects of water and salt regulation on the field of tomato
and water utilization efficiency

Table 5 shows the yield and water use efficiency of tomatoes
under different water and salt control treatments in two years. In
both 2018 and 2019, under the low salt stress (S1) treatment, the
fresh fruit weight and yield (per plant yield, total yield) of the two
cluster fruits were the largest, and the fresh fruit weight and yield
of the moderate deficit treatment during the blossoming and
bearing fruits stage were the lowest. In different salt concentration
treatments, compared with full irrigation treatment, water deficit
treatment at all growth stages would reduce tomato yield, but slight
water deficit at the seedling stage had no significant effects on
tomato yield. Among them, the tomatoes yield under water deficit
treatment during blossoming and bearing fruits stage was
significantly lower than seedling stage and mature picking stage,
and water deficit had the least effect on tomatoes yield at the
seedling stage. At the same time, it could be seen that with the
increase of salt concentration, the yield per plant showed an
obvious downward trend, and there was a significant difference.
The main reasons for the significant difference were that in the

process of the experiment, the pot experiment was adopted, all of
which were exposed to the ground surface, the space restricted the
root growth, and the soil environment was inhibited by high
temperature, which weakened the stress resistance of tomatoes, and
then affected the analysis of variance. By comparing the
treatments with different degrees of water deficit in the same stage,
it was found that there were significant differences among the
treatments with different levels of water deficit in the same stage,
and the yield of mild water deficit treatment was significantly
higher than moderate water deficit treatment.

Compared with coordinate regulation of water and salt
different degrees, the total yield (such as the average yield was
11036 t/hm® in 2018) of moderate water deficit treatments
(STW3T1, SIW3T2 and S1W3T3) with low salt stress (S1) was
significantly higher than that of mild water deficit treatments
(S2W2T1, S2W2T2, and S2W2T3, the average yield of 2018 was
106.44 t/hm?) with moderate salt stress (S2), while the differences
between moderate salt stress (S2) treatment with moderate water
deficit (the average of 2018 was 95.74) and severe salt stress (S3)
with mild water deficit treatments (the average of 2018 was 82.71)
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are more significant, this shows that the coordinated effect of water
deficit can enhance the salt yield reduction effect of irrigation.
According to the results of the three-factor analysis of variance, in
this experiment, different salt concentrations, water deficit degrees
and deficit stages are all significant factors that affecting tomato
yield. There was a significant interaction between waterxsalt and
waterxsaltxdeficit stage, however, there was no significant
interaction between waterxdeficit stage and saltxdeficit stage (‘x’
means the interaction effect between various factors). This shows that
when considering the coordinated regulation of water and salt, it
was mainly affected by irrigation water salinity and the degree of
deficit or the interactions of water, salt and deficit stages, and water
deficit in different growth stages will not decisively affect the
change of the yield per plant.
of irrigation water, the relationship of average total yield (2018,

Under different salt concentrations

2019) was the low salt concentration treatments greater than
moderate salt stress treatments greater than severe salt stress
treatments, there were significant differences among different
levels; and the average total yield (2018, 2019) of no water deficit
treatments greater than mild water deficit treatments greater than
moderate water deficit treatments, there were significant
differences among different treatments; The average yield of each

treatment at seedling stage (2018, 2019) and mature picking stage
(2018, 2019) was significantly higher than each deficit treatment at
flowering stage (2018, 2019).

In 2018, the maximum water use efficiency appeared in
SIW3T1 treatments and the minimum appeared in S3W3T2
treatments, they were 37.27 and 23.14, respectively, there was no
significant difference in water use efficiency between SIW3T1 and
S1W1 treatments. In 2019, the maximum water use efficiency
appeared in S2W2T1 treatment, and the minimum appeared in
S3W3T2 treatment, they were 38.98 and 25.26, respectively, and the
differences were significant. In 2018, the water use efficiency with
fresh water irrigation treatments was lower than full irrigation
treatment except for water deficit at the seedling stage. But in 2019,
the water use efficiency of fresh water irrigation treatments with a
moderate water deficit was significantly lower than full irrigation.
In both two years, the water use efficiencies under water deficit
treatment during seedling stage and mature and bearing fruits stage
were significantly higher than that at blossoming and bearing fruits
stage, and in other brackish water treatments, with the increase of salt
concentration, the water use efficiency decreases, which shows that
adjusting deficit under the same salt concentration at seedling stage
can ensure yield and effectively save water.

Table 5 Effects of different water and salt regulation treatments on the tomato field and water use efficiency in 2018 and 2019

Weight of two cluster fresh fruits/g

Gield of per plant/g-plant ™’

Total field/t-hm> Water use efficiency/kg'm

Treatment

2018 2019 2018 2019 2018 2019 2018 2019
SIW1 188.03£2.97*  210.62£1.23*  4012.72420.75° 4554.80+39.48"  132.42+2.22° 150.31£2.23 37.04 38.16
SIW2T1 187.95£3.66°  209.324£3.25°  4010.80+12.31° 4523.60+41.43*  132.36+1.84* 147.61£3.15 37.28 38.92
SIW2T2 169.26£1.62%  181.531.27¢ 3562.24+27.13"¢ 3856.64+49.18"  116.05+2.11¢ 127.27+4.2° 34.52 34.50
SIW2T3 171.05+£2.37° 192.4042.49°  3605.21+39.02" 4117.68+30.97°  118.97+3.13° 135.88+4.11° 35.97 37.46
SIW3T1 179.79+1.43° 186.47£1.66°  3814.96+13.16" 3975.28+38.59°  121.89+1.81° 131.18+2.34¢ 37.27 36.46
SIW3T2 136.3842.350  163.72+1.712"  2773.12431.89°% 3189.28431.36"  100.011.98¢ 105.25+5.05 33.60 31.91
SIW3T3 147.33+3.048 171.49+1.74°  3035.92+23.18°¢ 3615.76+23.33°  105.19+1.59" 119.32+5.49" 34.47 33.92
S2W1 169.2743.89%  183.41+3.05%  3742.48+40.4™¢ 4207.84+29.82°  123.56+2.13%  138.76+1.4d° 36.48 37.72
S2W2T1 166.94+2.22¢ 182.62+3.07¢  3688.56+13.250 4176.96+41.92¢  121.92+3.25¢ 137.94+3.85° 37.86 38.98
S2W2T2 145.78+4.18¢8 160.7442.76"  3179.72428.03°% 3562.84429.33"  104.96+3.54%"  117.64+4.64! 33.47 34.85
S2W2T3 152.94+1.85" 168.44+2.89°"  3350.56+18.40%" 3767.56+45.64"  110.63£3.02f  124.53+3.938 36.60 37.29
S2W3T1 160.56+3.68° 161.38+1.3"  3532.44440.46° 3678.12422.45%  113.66+2.40° 121.32£2.91" 37.75 36.75
S2W3T2 129.37+2.08' 132.45+1.19  2784.88+28.72% 2978.88+37.12  91.96+1.66 98.40+1.45% 3241 31.53
S2W3T3 135.24+2.51 147.58+2.720  2925.76+16.07™" 3984.92+40.61'  96.61+2.34' 101.67+2.24 3437 35.30
S3W1 155.7543.36"  166.52+1.34"  3238.19432.43%  3602.4+28.96°  106.85+1.13" 118.38+2.992 32.76 33.72
S3W2T1 142.37+4.44" 160.73+3.32"  2916.88+36.97°™" 3567.44+48.01°  96.26+1.48" 114.8+1.64" 3231 35.61
S3W2T2 108.95+1.74™ 126.2+3.66°  2114.83+41.44% 2626.80+31.29%  69.79+2.73™ 86.45+1.69" 24.85 27.86
S3W2T3 124.48+1.13% 135.61£1.06  2487.52+16.49"1 2848.72+53.447  82.09+2.34* 93.91+4.87% 29.63 33.28
S3W3T1 112.06+3.82" 126.37£3.7%  2189.44+33.18% 2625.88+37.48%  72.25+1.88! 86.583! 25.71 28.33
S3W3T2 94.2242.01" 105.2242.05™  1809.28+37.6° 2125.28+51.87™  60.7142.5° 70.83+4.27" 23.14 25.26
S3W3T3 101.77£2.12™ 110.38+1.93'  1952.98439.66' 2246.20+38.02'  64.42+2.76" 74.93+3.75™ 26.32 28.07
SahnltyS 3k ok Hk *k £ dk ok EE 3
Deficit degree W * * * * * * * *
Growth stage T * * * * * * * *
SXW * * * * * * * *

ST

WxT
SXWXT * * * * * * * *

Note: After the same column of data, different lowercase letters indicate that there is a significant difference among treatments (»<0.05); * means significant difference

(p<0.05); ** means significant difference (p<0.01) ; X means the interaction effect between various factors.

4 Discussion

Soil electrical conductivity is an indispensable parameter for
the study of precision agriculture.

It contains rich information

that reflects soil quality and physical properties.

Soil

salt,

moisture, temperature, organic matter content, etc., are important

factors that affect soil electrical conductivity.
obtaining the value of soil electrical conductivity is of great

Effectively
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significance for fully exploiting the potential of plants to adapt to
drought and salt stress!!!). Existing researches mainly focus on
improving saline land with new irrigation and drainage
technologies!'?, the laws of water and salt migration under normal
root cultivation conditions!*!'¥, and the use of modern information
technology to manage saline land!"). However, few studies have
paid attention to the law of soil salt migration under the condition
of water and salt synergy in different growth stages. It can be
seen that the average conductivity of 0-30 cm soil in 2018 was
greater than in 2019 from Table 3, this may be related to
meteorological factors, in addition, local fresh water and applied
fertilizers also have a certain EC value, which accumulates with the
increase of irrigation times, so the soil conductivity increases with
the increase of the salt concentration of the irrigation water, this
was consistent with the conclusion of Guo et al.''®. Long-term
brackish water irrigation and the increase of the salinity of the
irrigation water will cause the surface accumulation of salt!'”,
The salt will move down to the root zone of the crop with the
irrigation water, inhibiting the absorption of water and nutrients by
the crop. The more severe the salt stress was, the more difficult to
absorb water for crops, increasing soil moisture content!"™. It can
be seen from Table 2 that water deficit at the seedling stage and the
blossoming and bearing fruits stage can significantly reduce the salt
accumulation in the soil. There are different soil salt transport
laws at the different water deficit stages. The blossoming and
bearing fruits stage with fresh water was a key stage for water
consumption. In combination with the tomato yield in two years,
water control has a great impact on yield during the blossoming
and bearing fruits stage. Therefore, water deficit in the seedling
stage can not only ensure the yield also effectively inhibit the
production of soil salinization.

Crop water consumption is mainly affected by meteorological
factors, crop growth and ground characteristics!'”. The research
of this paper shows that the water consumption intensity was the
highest at the blossoming and bearing fruits stage throughout the
whole growth stage, and there was a positive linear relationship
between irrigation amount and total evapotranspiration ET, which
was consistent with the study by Wang et al.®” The water
consumption during the whole growth stage in this paper was
smaller than in previous studies. Firstly, the water consumption
of tomatoes will be reduced due to deficit irrigation. In addition,
compared with the field experiment environment, the root growth
was inhibited in the pot experiment and lacked deep soil water
supplement. At the same time, the irrigation water in this
experiment has a certain degree of salinity, with the increase of
irrigation water, the salt accumulates in the soil, and the vegetative
growth of plants before the flowering stage was inhibited, so that
the number of leaves, leaf area and stem thickness of the crop are
decreased. The reduction of these factors will significantly affect
the transpiration of the crop after the flowering stage, thereby
affecting the water consumption of the entire growth stage. This
was consistent with the research results of Zhang et al.?l on
soybeans, the water-salt interaction can clearly study that salinity
can affect the evapotranspiration of tomatoes. The higher the salt
was, the smaller the evapotranspiration. With the increase of
salinity, the soil infiltration potential decreases, and the ability of
crops to use soil moisture also decreases, then it was transformed
into water stress, which affects stomatal conductance, leaf growth
and photosynthesis, etc??. The blossoming and bearing fruits stage
of tomato was sensitive to salt, so the salt application during this
stage should be decreased. Crop water consumption increased

under moderate and mild water stress may be that the mechanism
of “root water lifting” played a role under certain stress. In
addition, under combined water and salt stress, osmotic stress will
cause crops to consume more energy during root water absorption,
causing redistribution of photosynthetic products, reducing the
basic energy required for organ building, resulting in a reduction in
crop growth and reducing water consumption, this makes the
inhibitory effect of water stress with the additive effect greater than
salt stress.

Compared with full irrigation treatment, water deficit during
different growth stages will all reduce tomato yield in different salt
concentration treatments. However, the mild water deficit during
the seedling stage has no significant effect on tomato yield. The
yield of water deficit treatments during the blossoming and bearing
fruits stage was significantly less than the treatments during the
seedling stage and mature picking stage, and there was the least
impact on tomatoes when the water deficit occurs in the seedling
stage, this result is close to literature which was proposed
previously™?4. When the salinity of irrigation water increases,
the yield of tomatoes decreases significantly, and the salt
concentration of irrigation water was inversely proportional to
tomato yield, which was consistent with previous studies on corn
and other crops®?®.  Changes in the proportion of water and salt
stress in the water and salt coordinated stress will have different
effects on each growth stage. When the salinity stress was
dominant, the flowering stage was more sensitive to salinity and
yield decreases more, and when the water stress was dominant, the
fruiting stage was more sensitive. So, finding a suitable treatment
can achieve the purpose of slightly minimizing production under
the condition of water deficit and water saving. The blossoming
and bearing fruits stage was not suitable for water deficit, it was
mainly because the blossoming and bearing fruits stage of tomato
was the key stage for yield formation, higher osmotic stress
consumed more energy for water absorption, and the assimilation
products distributed to the root system, resulted in yield reduction.
Since crops consume less water at the seedling stage, so there will
not have a great impact on later growth and development under
proper water deficit. When evaluating the effect of salt stress on
tomato yield, it can be seen that salt stress will significantly reduce
the size of the fruit diameter and the weight of tomato stems and
leaves. The single fruit weight of tomato decreased significantly
with the increase of irrigation salinity in this experiment, which
was the same as the studies by Cao et al.”” Salt has an inhibitory
effect on many physiological and biochemical processes, such as
changing the hormone secretion processes, inhibiting the height of
seed germination plants, changing the development time points,
and shortening the growth stage™™; inhibiting the differentiation
and growth of plant tissues and organs; reducing leaf area and
reducing photosynthetic intensity, resulting in reduced yield®>%.

5 Conclusions

1) Coordinated regulation of water and salt can significantly
reduce the electrical conductivity of the tomato root system of 0-
30 cm soil.  The higher the salinity of irrigation was, the better the
salt-controlled effect of coordinated regulation of water and salt.
Under the influence of coordinated regulation of water and salt, the
proportion of water consumption of crop growth and development
decreases, and the salinity of irrigation water was a decisive factor
in crop water consumption. So, firstly, it is necessary to control
the salt intake and then optimize the water distribution.

2) The coordinated regulation of water and salt at different
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growth stages has significant effects on fresh fruit weight, stems
and leaves weight when pulling seedlings and yield of tomato, and
the salinity of irrigation water was inversely proportional to tomato
yield. Moderate water deficit can significantly reduce crop yield,
and the degree of crop yield reduction under mild water deficit was
weakened, and the blossoming and bearing fruits stage was the
most sensitive stage to water deficit.

3) With the increase in salinity of irrigation water, the tomato
yield decreased. = From the perspective of yield, SIW2T1
treatment (salinity of irrigation water was 1.1 g/L, mild deficit at
the seedling stage, irrigation quantity was 55%-65% of the field
water capacity) can ensure yield and reduce irrigation water during
the whole growth stage at the same time. From the perspective of
water use efficiency, the water use efficiency was highest under
S2W2T1 treatment (salinity of irrigation water was 2 g/L, mild
deficit at the seedling stage, irrigation quantity was 55%-65% of
field water capacity), compared with the SIW1 treatment in 2018
and 2019, the yield was reduced by 8.1% on average, but the water
was saved by 10.1%. In 2018 and 2019, the yield per plant with
moderate salt stress (salinity of irrigation water was 2 g/L) and
severe salt stress (salinity of irrigation water was 4 g/L) decreased
by 12.78% and 21.27% respectively than fresh water irrigation, and
the water deficit in the seedling stage has little effect on the yield,
and water can be saved by 10.09% and 17.42% respectively when
mild water deficit was carried out at the seedling stage.
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