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Abstract: Water-saving irrigation is an important measure to alleviate the
shortage of water resources in China. In this study, the growth, nutrient
distribution, quality and yield of Tomato under different irrigation
treatments are studied by using microporous membrane water-fertilizer
integrated technology and the optimal irrigation water quantity under the
condition of microporous membrane water-fertilizer integration was
determined. The results show that the stem diameter and the fresh and dry
weight of tomato increased under the treatment of microporous
membrane irrigation, among which the irrigation of 84 m3®.667 m-2 was
the best, comparing with the traditional flooding irrigation. Microporous
membrane irrigation promotes the accumulation of N, P and K in
tomato plants. The organic acid content of tomato fruit was the highest
under the treatment of 108 m®.667 m~2 and the lycopene content is the
highest under the treatment of 96 m3.667 m=2. However, soluble protein,
soluble solids, VC content and sugar acid ratio are the highest under the
treatment of 84 m3.667 m=2 and the yield and water use efficiency of
tomato are the highest under this treatment. Generally, the optimal
irrigation amount of tomato under the condition of microporous
membrane water-fertilizer integration is 84 m3.667 m-2. The experiment
clarifies the crop water demand characteristics and provides a certain
theoretical basis for the application of water-saving irrigation
technology and high-yield cultivation.
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causes serious water waste (Al-Ghobari and Dewidar,
2018). In recent years, with the development of irrigation

Introduction

According to the statistics of the National Bureau of
statistics (NBS, 2018), the total water consumption of
China in 2017 was 604 million m3 of which the
agricultural water consumption accounted for 62%. In
China, although the total amount of agricultural water
has achieved zero growth for many years, the shortage of
water resources has not been improved. Therefore, it is
of great significance to develop efficient and water-
saving agriculture and reduce the total amount of
agricultural water consumption to alleviate the problem
of water shortage. In traditional agriculture, farmers
often adopt the way of flood irrigation. On the one hand,
the irrigation water seeps down a lot, on the other hand,
it evaporates a lot and the crop can use less water, which
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technology, drip irrigation, infiltration irrigation and
other water-saving irrigation facilities are widely used in
the process of irrigation (Ayars et al., 1999; Wang et al.,
2020a). The results showed that drip irrigation and
infiltration irrigation could save more than 50% water,
yield improvement and increase water use efficiency by
2-5 times (Hanson and May, 2006; Karlberg and Vries,
2004; Song et al., 2009). New water-saving irrigation
technologies, such as drip irrigation and infiltration
irrigation, have good water-saving and production
increasing effects, but they need to install supporting
pressure equipment, water pipeline and emitter, which
increased the cost and need high water quality
requirements (Li et al., 2019; Mostafa et al., 2018;
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Singh et al., 2019) and ultimately limit the application of
water-saving irrigation technology in agricultural
production. The perforated membrane is used to
replace the pipes, such as drip irrigation belt and drip
irrigation pipe and the perforated membrane is laid in
the ridged ditch and then a layer of plastic film is
covered on it (Wang et al., 2020b). The water flows
between the plastic film and the perforated membrane
and penetrates into the soil through the small holes on
the film so as to carry out non pressure self-flow
irrigation. The microporous membrane water-fertilizer
integrated technology can not only reduce the cost of
irrigation equipment, but also solve the problem of
blocking. However, the research on non-pressure
gravity irrigation by water-fertilizer integration using
microporous membranes is rarely explored and it is
not clear how much water can be used to meet the
needs of crop growth and development.

Therefore, this study using microporous membrane
water-fertilizer integrated technology and comparing
with traditional furrow irrigation, seted different
irrigation amount treatment. The effects of different
irrigation amount on tomato growth, nutrient
distribution, quality and yield were studied under the
condition of microporous membrane water-fertilizer
integration, in order to determine the optimal
irrigation water quantity and the characteristics of
crop water demand and provide a theoretical basis for
the application of water-saving irrigation technology
and high-yield cultivation.

Materials and Methods
Experiment Materials

Water soluble fertilizer (18-7-20) is produced by
Yichuan Fufeng plant nutrient Industry Co., Ltd. Tomato
variety is ‘k1601°, the seedlings were transplanted at 60
days of age. The base fertilizer is three element
compound fertilizer (15-15-15). The perforated plastic
film is made of 8-wire agricultural film, with a width of
60 cm, a length of 40 cm longer than the ridge, a
diameter of 3 mm, a spacing of 20 cm, a width of 12.5
cm and 3 holes in parallel in each row.

Time and Place of Experiment

The field experiment was conducted in the plastic
shed of Zhengzhou international fine variety science and
Technology Exhibition Park (34°16" and 34°39'N,
113°30" and 113°54’E), Xinzheng, from March 16 to
July 12, 2017.Before planting, the basal fertilizer is 1000
kg'667 m=2of dried chicken manure and 35 kg-667 m2
of three element compound fertilizer. The planting
depth was no more than 1cm of the original substrate
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surface, 80 cm in the large row, 50 cm in the small
row and 46.6 cm in the distance between the plants.
The plant spacing is 46.6 cm and 2200 seedlings were
planted in each 667 m?2. After planting, the large and
small rows were watered thoroughly with the amount
of water of 60 m%667 m=. In addition to Control
(CK), all the other treatments were laid with
perforated film and covered with film on the ridge.
The treatment was taken 3 weeks later.

Experiment Design

In this experiment, 4 irrigation treatments were
designed, including, A: 120 m3-667 m=2, B: 108 m®-667
m=2, C: 96 m3-667 m=2 and D: 84 m®-667 m=. The
amount of topdressing (18-7-20) was 70 kg-667 m2
and local traditional irrigation 124 m3-667 m=2 and
fertilization 125 kg-667 m=2 was as a CK. The specific
irrigation and fertilization system was carried out
according to Table 1 and stopped the treatment of
fertilizer and water 2 weeks before harvest. Each
treatment was set with 3 repetitions and random block
arrangement. The experiment area was 6 m long and
1.3 m wide and the edge of the area was provided with
a protection row. 7 Plants were randomly sampled for
each treatment to collect the relevant data. Plant
height, stem diameter and leaf number were measured
once every 20 days before planting (before topping)
and the third ear fruit taken for fruit determination.

Measurement Items and Methods
Growth Index

The height from stem base to plant growth point was
measured by tape. The stem diameter (from the base of
stem to the middle of cotyledon) was measured by
digital vernier caliper. The number of leaves longer than
5cm was counted. The dry and fresh weight of the above
ground and underground parts were measured by
analytical balance, the fresh weight was directly
measured by balance, dry weight: Green removing at
105°C for 15 min and bake at 85°C at constant
temperature to constant weight before weighing.

Determination of NPK Content

0-20 cm, 20-40 cm and 40-60 cm of basicsoil
samples were taken before treatment and the roots, stems
and leaves of dried plant and 0-20 cm, 20-40 cm, 40-60
cm of soil samples were taken after treatment. According
to the method of Bremner (1960). The sample was
prepared and the Nitrogen (N) content was determined
by Kjeldahl method. The content of Phosphorus (P) was
determined by vanadium molybdate colorimetry and the
content of potassium (K) were determined by flame
photometric method (Burcea et al., 2016).
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Quality, Yield and Water Use Efficiency

Anthrone colorimetry was used to determine the
content of soluble sugar, soluble sugar (ug-g?%) =
A*N/W (A: The soluble sugar obtained in the
standard curve (ug), N: The dilution ratio, W: The
sample weight (g)). The content of soluble protein
was measured by coomassie blue staining, soluble
protein content (mg-g~!) = (C*V2)/(1000*V1*W) (C:
The value of standard curve(ug), V2: The volume of
extract(ml); V1 is the amount of sample added during
determination (mL), W: The fresh weight of the
sample(g)). The content of vitamin C was determined
by molybdenum blue colorimetry, Vitamin C content
(mg-100g71) = {(VA-Ve)*C*T}H(D*W)}*100(Va: The
average milliliter of fuel for titration sample (mL),
Vg: The average milliliter number of dyes for titration
of blank control (mL), C: The total ml of sample
extract(ml), D: The milliliter number of sample
extract obtained during titration (mL), T: The
milligram of ascorbic acid that can be oxidized by 1
mL dye (mg), W: The weight of the sample to be

Table 1: The plan for watering and fertilization after tomato planting

tested(g)). The content of lycopene is determined by
colorimetry, the percentage content of lycopene =
{C*V3*(V1/V2)*(1/W)}*100% (C: The concentration
of lycopene from the standard curve(mg/L), V1: The
volume of the extract (mL), V2: The volume of the
extracted solution (mL); V3: The volume of the
solution to be measured (1), W: The weight of the
sample (mg)). The soluble solids were measured by
sugar meter and organic acids were determined by
acid-base titration. Sugar acid ratio = soluble
sugar/titratable acid. Specific methods referred to the
method of Li et al. (2000).

The yield of tomato fruits was calculated by plot;
water use efficiency WUE = Y/l (Y: The total yield
kg-667 m~2 of each treatment, I: The irrigation amount
m3-667 m~2 in the growth period).

Data Analysis

DPS 7.05 software was used to analyze the variance of
all experimental data and LSD test was used to compare the
differences among the treatments (P < 0.05).

Weeks after planting 3 6 7 8 9 10 11 12 13 14
A Weekst#day 3#3 6#4 - 8#4 9#6 10#6 1144 12#1  13#4  14#1
12#6 14#6

Irrigation amount 6 12 - 12 12 12 12 12 12 12
(ton-time~1-667 m2) 12 6
Topdressing amount - 4 - 10 10 8 8 6 6 6
(kg-time™1-667 m2) 6 6

B Weekst#day 3#3 - THT 8#6 o#7 - 11#1  12#6 13#4  14#2

11#7 14#7

Irrigation amount 6 - 12 12 12 - 12 12 12 12
(ton-time~1-667 m2) 12 6
Topdressing amount - - 6 10 10 - 8 8 8 8
(kg-time™1-667 m=2) 8 4

C Weekst#day 3#3 - T#1 8#3 9#6 - 11#1  12#6 13#5  14#4

11#7

Irrigation amount 6 - 12 12 12 - 12 12 12 6
(ton-time~1-667 m2) 12
Topdressing amount - - 8 10 12 - 12 8 8 4
(kg-time™1-667 m=2) 8

D Weekst#day 3#3 - T#3 8#1 9#4 - 1141 12#1  13#1  14#1
Irrigation amount 6 - 12 12 12 - 12 12 12 6
(ton-time~1-667 m2)
Topdressing amount - - 8 10 12 - 12 12 12 4

(kg-time=1-667 m=2)
CK

According to the local traditional irrigation and fertilization method, two times in April for 10kg-time=1-667

m~2, three times in May for 15 kg-time™-667 m2, three times in June for 20 kg-time™-667 m=2. The fertilizer
is about 125 kg-667 m=2 and the water is subject to the actual measurement. The actual irrigation water in this

experiment is 124 m3.667 m=2,

262



Xiao Huaijuan et al. / American Journal of Biochemistry and Biotechnology 2020, 16 (2): 260.269

DOI: 10.3844/ajbbsp.2020.260.269

Results

Effects of Different Irrigation Amount on Plant
Height, Stem Diameter and Leaf Number of Tomato
in Different Periods

As shown in Fig. 1, after 20 days of planting, the
plant height of treatment B and C was significantly
higher than CK, the stem diameter of treatment C was
significantly larger than CK and there was no significant
difference among other treatments. The number of leaves
of treatment A and C was significantly larger than CK
and there was no significant difference between other
treatments and CK. After 40 days of planting, the plant
height of each treatment was significantly higher than
CK and the plant height of treatment B and C was
significantly higher than that of treatment A and D.
There was no significant difference in stem diameter,
leaf number and CK between each treatment. After 60
days of planting, the plant height of treatment C was
significantly higher than CK and the plant height of
treatment A was significantly lower than CK and there
was no significant difference between treatment B, D
and the plant height of treatment C and CK. The stem
diameter of each treatment was greater than CK and the
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stem diameter of treatment B and C was significantly
greater than CK and the number of leaves of each
treatment was greater than CK, but there was no
significant difference. The results showed that different
irrigation treatments had different effects on the growth
of tomato in different periods and treatment B, C and D
promoted the growth of tomato in different periods,
among which treatment C had the best effect.

Effects of Different Irrigation Amount on Dry and
Fresh Weight of Tomato Plants

It can be seen from Fig. 2 that the dry and fresh weight
of roots and leaves of treatment A, B, C and D were
significantly higher than CK. Among them, the fresh and
dry weight of root of treatment A was the largest, with
55.32% and 65.45% higher than CK and that of leaves of
treatment C is the largest, with 88.87% and 76.81% higher
than CK. The fresh weight of stem of treatment A was
significantly 22.08% and 7.92% higher than CK. There was
no significant difference between the fresh weight of stem
of treatment B, C and D and CK. The results showed that
treatment A and C could promote the dry and fresh weight
of roots, stems and leaves of tomato plants, which was more
conducive to the growth of tomato.
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Fig. 1: Effects of different irrigation amount on plant height, stem diameter and leaf number of Tomato in different periods
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Fig. 2: Effects of different irrigation amount on dry and fresh weight of tomato plants

Effects of Different Irrigation Amount on NPK
Contents in Tomato Plants

As shown in Fig. 3, the N content in the roots, stems
and leaves of tomato treated with C was significantly
higher than CK and that in the roots and leaves of
tomato treated with A was significantly lower than CK.
The P content in the roots, stems and leaves of tomato
treated with B, C and D was significantly higher than
CK and P content in the roots and leaves of tomato
treated with C was the highest, while that of tomato
treated with D was the highest. The K content in roots,
stems and leaves of tomato treated with C was higher
than that of CK and there was no significant difference
between the content of potassium in roots and leaves
and that in stems. K content in roots and leaves of
tomato treated with D was significantly lower than that
of CK and the content of K in stems was significantly
higher than that of CK. The results showed that
treatment C was propitious to the accumulation of N, P
and K in tomato plants and treatment D was propitious
to the accumulation of P and K in roots, stems and
leaves of tomato.

Effects of Different Irrigation Amount on NPK
Contents in Different Soil Layers

From Fig. 4, except for the difference between the
nitrogen content of treatment D and that of basicsoil
samples in 20-40 cm soil layer, the N content of each
soil layer of other treatments was significantly higher
than that of basicsoil samples and the N content of each
treatment in 0-20 cm soil layer was lower than that of
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CK. The N content of treatment D in 20-40 cm soil layer
was significantly lower than CK, the N content of A, B
and C in 20-40 cm soil layer was significantly higher
than CK. The N content of each treatment in 40-60 cm
soil layer was higher than CK and the differences
between other treatments and CK except treatment B
were significant. The P content of each treatment in 0-20
cm soil layer was lower than CK and higher than
basicsoil samples. The P content of treatment C in 20-40
cm soil layer was significantly higher than CK, the other
treatments were significantly lower than CK and
basicsoil samples. The P content of treatment B, C and D
in 40-60 cm soil layer was significantly lower than CK
and basicsoil samples. The K content of CK and
treatment A in 0-40 cm soil layer is significantly lower
than that of basicsoil samples and the K content in 40-
60 cm soil layer was lower than or equal to that of
basicsoil samples. The K content of treatment B in 0-40 cm
soil layer was significantly lower than CK and there was no
significant difference between the K content in 40-60 cm
soil layer and CK. There was no significant difference in K
content between treatment C in 0-40 cm soil layer and CK.
There was no significant difference between K content and
CK in D 0-20 cm and 40-60 cm soil layers. K content in 20-
40 cm soil layer was significantly higher than CK. The
results showed that treatment D has a better effect on
slowing down the accumulation of N and P in the soil and
could also reduce the accumulation of K to a certain extent.
Treatment B and C have a better effect on slowing down
the accumulation of K in the soil; On the whole, the effect
of treatment D on the enrichment of N, P and K in
improved soil is better.



Xiao Huaijuan et al. / American Journal of Biochemistry and Biotechnology 2020, 16 (2): 260.269
DOI: 10.3844/ajbbsp.2020.260.269

ﬂ,
ﬂ
!

—— C w—mmD

e 5 g 05 a
S 4t a E 04
= = b
S 3 o
2 g 03 c ) g
z, 5 £ c
S F S 0.2+ d d
S 2
: 2 o
h= ]
b 2
Root Stem Leaf o Root Stem Leaf
g 15
— a
§ i ab a b i aa
o
E 1.0 e c a aba
[ bc
3 c
<
3
£ 0.5
=
[72]
8
& 00
Root Stem Leaf
Fig. 3: Effects of different irrigation amount on N, P and K content of tomato plants
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Table 2: Effects of different irrigation amount on tomato quality

Soluble sugar Organic acid ~ Sugar-acid Lycopene Soluble protein  Soluble VC content
Treatments content (g-100 g2) content (%) ratio (mg-L™) (mg-g» soild (%) (mg-100 g%
CK 0.410+0.0012a 6.22+0.19b 6.62+0.21c  0.15+0.0le  2.00+0.03d 0.51+0.03a  8.33%0.25c
A 0.405+0.001a 5.36+0.25¢ 7.67+0.37b  0.17+£0.01d  2.41+0.03b 0.56+0.02a  10.64+0.16b
B 0.396+0.002b 5.17+0.19¢ 7.7240.28b  0.56+0.02a  2.16+0.02c 0.52+0.01a  10.11+0.19b
C 0.406+0.001a 7.08+0.32a 5.81+0.28c  0.39+0.02b  1.10+0.02e 0.53+0.02a  3.91+0.23d
D 0.399+0.003b 4.40+0.14d 9.11+0.29a  0.19+0.01c  2.64+0.04a 0.57+0.03a  12.59+0.19a

Table 3: Effects of different irrigation amount on tomato yield and water use efficiency

Treatments Yield per plant (kg) Plot yield (kg) Water use efficiency (kg-m=)
CK 3.22+0.05a 91.01+1.88a 38.86+0.80c

A 3.05+0.07b 90.68+1.62a 39.58+0.0.70bc

B 3.00+0.06b 80.34+0.53b 39.44+0.25bc

C 2.99+0.03b 81.60+0.30b 41.09+0.15b

D 3.32+0.05a 93.77+0.93a 51.17+0.51a

Effects of Different Irrigation Amount on Tomato
Quality

As shown in Table 2, the soluble sugar content of
treatment B and D was significantly lower than CK, the
organic acid content of treatment C was significantly
higher than CK and that of other treatments was
significantly lower than CK. The sugar acid ratio and VC
content of treatment A, B and D were significantly
higher than CK and the effect of treatment D was the
best, with 37.61% and 51.14% higher than CK
respectively. The content of lycopene in treatment A, B,
C and D was significantly higher than CK and the
content of treatment B was the highest. The soluble
protein content of treatment A, B and D was significantly
higher than CK and the content of treatment D was the
highest, with 32% higher than CK. There was no significant
difference between the content of soluble solids and CK and
the content of treatment D was the highest, 11.76% higher
than CK. The results showed that treatment C was the best
for the accumulation of organic acids in tomato fruit and
treatment B was the best for the accumulation of lycopene
in tomato fruit. Treatment D was the best way to increase
the content of soluble protein, soluble solids and VC in
tomato fruit and increase the sugar acid ratio of tomato fruit
and the yield of tomato per plant. Taken together, treatment
D was best to fruit quality of tomato.

Effects of Different Irrigation Amount on Tomato
Yield and Water Use Efficiency

It could be seen from Table 3 that there was no
significant difference between treatment D and CK and
other treatments were significantly lower than CK. There
was no significant difference between CK and the yield
of tomato plot treated with A and D, but treatment B and
C are significantly lower than CK. The water use
efficiency of treatment C and D was significantly higher
than CK and there was no significant difference between
CK and treatment A and B. Considering comprehensively,

the effect of treatment D was the best, which can
promote water use efficiency, save water resources and
increase the yield of tomato.

Discussion

Water saving irrigation is an important measure to
alleviate the shortage of water resources in China. In this
study, the water use efficiency of tomato was higher than
that of traditional flooding irrigation by using
microporous membrane  water-fertilizer integrated
technology and the highest water use efficiency was
increased by 30.65% and water saving rate is 31.68%
when the irrigation amount is 84 m3-667 m=. Previous
studies have shown that drip irrigation generally saved
30-50% water than flood irrigation (Fan et al., 2011;
Nasiraei et al., 2018). It could be seen that the water-
saving efficiency of microporous membrane irrigation
technology was the same as that of drip irrigation
technology. Xue et al. (2013) found that the water use
efficiency of Tomato under drip irrigation could reach
53.33 kg-m=3, which was the same as the results of this
study. However, Liu and Liu (2005) found that the water
use efficiency of tomato under drip irrigation was 3.8
times higher than that under flood irrigation, which may
be caused by the different irrigation amount of flood
irrigation. In addition, Fan et al. (2015) showed that the
input of drip irrigation equipment was 27000 yuan hm=2
and the service life was 5 years. In this study, the waste
shed film without damage wa used, which was lower
than the input of drip irrigation system. The
microporous membrane irrigation technology used in
this study could be used as an effective water-saving
irrigation technology in production.

Water plays an important role in plant morphogenesis
and more. Appropriate soil water was conducive to
promoting plant growth (Geisseler et al., 2020; Olson
and Pittermann, 2019; Ye et al., 2020). In this study, the
stem diameter and fresh and dry weight of plants under
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different irrigation treatments are increased. In addition,
Microporous membrane irrigation was beneficial to the
accumulation of N, P and K in tomato plants in this
research. Previous studies have found that the accumulation
of nutrient elements in plants was often positively
correlated with the growth of plants (Cui et al., 2020;
Jiang et al., 2019). This indicated that the treatment of
microporous membrane irrigation could improve the soil
moisture content, increase the nutrient absorption of
tomato plants and then promote the growth of tomato.
The results of Xing et al. (2014) also proved that suitable
soil water was conducive to the absorption of nutrients
by plants and the effect of promoting fertilizer by water.
In this study, when the amount of irrigation is 96 m3.667
m2, the growth of tomato was the best and the NPK
accumulation of plants was the most.

In addition to fertilization factors, the nutrient
element content in the cultivated soil was affected by
plants and irrigation. On the one hand, plants would
absorb a large number of nutrient elements in the
growth process and on the other hand, the nutrient
elements in the surface soil would migrate downward
with water (Frensch et al., 1996; Jarvis, 2007). In this
study, the P content of treatment D in 0-20 cm and 20-
40 cm soil was significantly lower than that of CK,
equal to or less than that of basic soil, while the P
content of plant was the highest and the P content of
40-60 cm soil was lower. Therefore, when the irrigation
amount was 84 m®.667 m2, the applied phosphorus
elements are completely absorbed by plants and the
phosphorus concentration was less. Except for
treatment Din 20-40 cm, the nitrogen content in the soil
was higher than that in the base soil in 0-20 cm, 20-40
cm and 40-60 cm of each treatment, which may be
caused by the large amount of nitrogen application and
the leaching of nitrogen caused by irrigation. But for
the K content in soil, the K content of each treatment in
0-20 cm and 20-40 cm was significantly lower than that
of the base soil and there was no significant difference
between the K content of each treatment in 40-60 cm
and that of the base soil except for treatment C. It
showed that the application amount of potassium
fertilizer in this study may be low, which did not lead
to the deep transfer of potassium to the soil.

WUE is an important water use indicators in the
study of sustainable irrigated agriculture (Ucar et al.,
2019). Qu et al. (2019) have found improved WUE may
be achieved by reducing the water supply. In this study,
after adopting the technique of microporous membrane
water-fertilizer integration for non-pressure gravity
irrigation, we found that the WUE of tomato was
significantly higher than that under the traditional
fertilizing rate and that, with the lowering of fertilizing
rate, the overall WUE presented an increasing trend, the
highest WUE occurred under the lowest watering rate,
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where per plant and plot yields were significantly higher
than CK and the quality of fruit was best. A irrigation
amount of 96 m3-667 m~2 resulted in suitable growth, which
was lower than that under a fertilizing rate of 84 m3.667
m~2. This finding was probably due to the irrigation amount
of 96 m3-667 m~2 resulting in over nutrition and overgrowth
of plants, thereby impacting their reproduction and growth
in the late stage. However, excessive reduction of irrigation
reduced the crop yields (Li et al., 2017).

Conclusion
In conclusion, under the condition of the
microporous membrane water-fertilizer integrated

technology, the optimal irrigation water volume was
84 m3.667 m=2. Under this irrigation amount, the
water saving was 30.65%, the water use efficiency
was increased by 31.68%. The yield per plant was
increased by 3.11% and the fruit quality was the best.
This experiment used the form of fixed amount of
fertilizer and water to study the effect of different
irrigation amount on tomato fruit, yield, growth and
the change of nitrogen, phosphorus and potassium
content in plants and soil. Our results preliminarily
identified a irrigation amount comparable to
traditional irrigation and irrigation practice which
could improve fruit quality of tomato and WUE, but
also ameliorate the problem of the abundant
enrichment of nutrient elements in soil, which
provided reference for irrigation of tomato in spring in
Plastic Greenhouse. In future, we will continue to
adjust the lower limit of irrigation amount and study
the mechanism of the effect of irrigation water on the
yield and quality of tomato, so as to provide scientific
basis for the production irrigation water quota.
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