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Effects of nitrogen and salt on growth and physiological characteristics of

processing tomato under drip irrigation
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Abstract: Xinjiang of China is one of the three largest planting bases of processing tomato in the world, but soil salinization
has restricted the production of tomato processing. In order to study the effects of soil nitrogen, salt and their interaction on
growth and physiological characteristics of processing tomato under drip irrigation, different amount of nitrogen fertilizer were
added to reconcile different salt stress to explore the response mechanisms of growth and yield of processing tomato to soil
nitrogen and salt contents with a two-year experiments. The results showed that the effects of soil salinity on the growth and
physiological characteristics of processing tomato were significantly greater than that of input of nitrogen fertilizers. The
higher soil salt content (>5.0 g/kg) significantly inhibited the growth of processing tomato. The increase in addition of
nitrogen fertilizer could alleviate the salt inhibition and promote the growth of processed tomato with the increase of soil salt
content, and the maximum nitrogen application rate was 300 kg/hm?  The linear plus platform was selected to determine the
nitrogen effect models of non-saline-alkali soil and weak saline-alkali soil, but the square root nitrogen effect model of
moderate saline-alkali soil was selected to accurately predict the yield of processing tomato. It was suggested that the
processing tomatoes should be planted in moderate saline-alkali soil to achieve higher yields due to lower input of nitrogen
fertilizer, potentially reducing fertilizer costs and maximizing profits from high processing tomato yields. The results have a
strong guiding significance for planting of processing tomato on saline-alkali land and appropriate fertilization to increase the
yield of processing tomato.
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1 Introduction

Soil salinization is a global issue that causes soil degradation
and affects the sustainable development of irrigated agriculturef.
There are 9.32x10° hm? of salinized soil all over the world®?,
which damages nearly 4x10® hm? of cultivated land®.
Saline-alkali land, which the saline-alkali wasteland and part of the
cultivated saline-alkali land exceed 3x107 hm? in China, is an
important reserve resource of cultivated land in China. The
efficient utilization of saline-alkali land is of great significance to
guarantee the national food security. Soil salinization has
universally existed in Xinjiang of China due to the arid climate and
excessive surface evaporation. One-third of the irrigated land,
including 1.1x107 hm? saline-alkali wasteland and 7.27x10° hm?
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over-saline-alkali wasteland™, is endangered by salinization in
Xinjiang®™. Because the region has the climate characteristics of
large solar radiation and long sunshine time and highly effective
accumulated temperature, tomato (Lycopersicon esculentum Mill)
can grow well in Xinjiang. At present, the yield of processing
tomato in Xinjiang was largest compared with other provinces of
China. However, because of the weak salt tolerance of processing
tomato, salt-alkali stress negatively affected the growth and yield of
processing tomato and the expansion of its planting area in
Xinjiang of China. Although the most plant growth regulators
have been adopted to reduce the negative impact of salt on the
growth of processing tomato®*°, the cost of adding regulators was
larger and thus the option was not viable.  Therefore,
understanding the response mechanism of crop growth and yield to
soil salt stress would be very helpful to globally increase the
productivity of crop for salt-alkali soil.

The higher content of soil salt leads to the deterioration of soil
permeability, hydraulic conductivity and infiltration capability, thus
affecting the activities of microorganisms and limiting the release
and movement of soil nutrients™**?.  Furthermore, soil salt
hinders the availability and uptake of nutrients by crop roots and
restricts their metabolism into organic compounds within the
plant!®®4In addition, soil salinity significantly increased the
content of Na* in plants, leading to the imbalance of crop nutrient
and thus reduction of crop yield by hindering uptake of potassium,
calcium, magnesium and other nutrients™®.  For instance, Paul
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and Lade®™ found that the non-salted soil was more prone to
provide a labile pool of nutrients than the soil with high-salinity
when the external fertilization level is constant. Li et al.ll”]
indicated that the nitrogen use efficiency decreased with the
increase of soil salt content. Munns and Tester™®! and Parida and
Das™ demonstrated that high salts resulted in the premature
senescence of plant, thereby decreasing the plant metabolism and
photosynthetic capacity and hindering the plant protein synthesis
and conversion. Previous observations even showed that salt
stress could lead to close stomata, decrease intercellular CO,
concentration and deteriorate photosynthetic capacity, further
affecting plant growth and resulting in the decrease in plant
productivity®>??.  However, the response mechanisms of crop
growth and yield and soil nutrients to soil salt content remain
unclear with the change in crop growth stage under long-term drip
irrigation.  The understanding of the effects of the change soil salt
with crop growth stage on crop growth and soil nutrients could help
to increase the crop yield in extreme drought and saline-alkali land.

Soil nutrients was one of the important factors affecting crop
growth and vyield®!.  Addition of nitrogen fertilizer could
effectively compensate the nitrogen limitation due to the limited
supply from the soil and ensure the sustainable use of soil and the
crop growth?*2! Pessarakli®®! indicated that the shortage of
nitrogen hindered crop growth, mainly because of that the coupling
of nitrogen nutrients to organic compounds (i.e., proteins,
hormones and nucleic acids) is essential for crop growth and
development. Duan'?? and Wang'® observed that adding a
certain amount of nitrogen was prone to the growth and
development of crops under the heat stress and salt stress.  Xiao!*”
indicated that the suitable nitrogen applications could increase the
photosynthetic capacity of crops, weight and length of crop roots,
and thus crop yield. However, the redistribution characteristics of
soil nitrogen with soil water are still insufficiently understood
under the integrated water and fertilizer technology, hindering the
understanding of response mechanism of crop growth and yield to
soil nitrogen contents.

This paper presented the processing tomato growth and
physiological characteristics with changes in soil nitrogen and salt
contents under drip irrigation in Xinjiang of China. The nitrogen
fertilizer was added to reconcile salt stress to explore the response
mechanism of crop growth and yield to soil nitrogen and salt
contents®%*Y, At the same time, the quantification of nitrogen
application and the maximum vyield in tomato processing in
Xinjiang is realized by the comparing and selecting the preferable
fitted model of nitrogen effect. The main objectives of this study
were to address how processing tomato growth and physiological
characteristics respond to the addition of chemical nitrogen
fertilizers, and to identify whether such characteristics vary with
soil salt contents.  Such knowledges are essential for the
understanding of relationship of the rational application nitrogen to
maximize processing tomato yields in extreme arid region affected
by higher soil salt contents.

2 Materials and methods

2.1 Experimental site

The study was conducted in the Key Laboratory of Modern
Water-Saving Irrigation of Xinjiang Production and Construction
Corps which is located on the Shihezi City in Xinjiang of China
(86°03'47"E, 44°18'28"N) in 2017 and 2018, respectively. The
area is characterized by an arid continental climate. The average
annual sunshine duration is 2865 h, and the frost-free period is

about 170 d. The average accumulated temperature above 10°C
and 15<C is 3463<C and 2960°<C, respectively. The total rainfall
and average temperature during the growing period of processing
tomato (from May to August) in 2017 and 2018 were 81.8 mm and
30.9<C, and 137.1 mm and 30.0<C, respectively (Figure 1). The
processing tomato was mainly selected crop in the saline-alkali
land of the 121st regiment in Shihezi City, Xinjiang of China, due
to such climate conditions. The soil in Shihezi City is classified
as loam. The average soil salt content was 1.15 g/kg, and soil
salinity was normal saline soil.
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Figure 1 Daily rainfall and daily average temperature from May
to August in 2017 and 2018

2.2 Experimental Designs

The experiments were established to address the interacted
effects of soil nitrogen and salt contents on processing tomato
growth consisted (Figure 2) in 2017 and 2018. Four salt content
levels and four nitrogen levels were chosen, and four salt gradients
were untreated saline-alkali (CK), light saline-alkali (S1), medium
saline-alkali (S2) and severe saline-alkali (S3 and SS3),
respectively (Table 1). The original S2 treatment (7 g/kg) and S3
treatment (10 g/kg) were canceled according to the monitoring
results in 2017, but SS2 treatment (5 g/kg) and SS3 treatment
(7 g/kg) were added to kindly address the effects of soil salt
contents in 2018. Four soil nitrogen levels was high nitrogen
(N1), moderate nitrogen (N2), low nitrogen (N4) and normal
nitrogen (N3), respectively. The amount of nitrogen application
varied with each level based on the tomato plant growth stages (at
seedling, flowering, expansion and Mature stages) (Table 2).
Fertilizer is applied to soils with water under irrigation, which the
amount of chemical fertilizer input and irrigation quota and
frequency were presented in Table 2. In this study, the effects of
irrigation quota and frequency and input of P, K fertilizer were
ignored at the same irrigation levels and the same addition levels of
P, K fertilizer. Sodium chloride (NaCl) was added to the tested
soils as needed to achieve the desired salt treatment levels. The
tested soil samples were paced in a test basins and fertilizer
treatments levels were randomly assigned to the basins and
replicated three times. The size of the test basin was 0.60 mx
0.55 m>0.45 m (top height>top inner diameter>bottom inner
diameter). The bottom of the basin was perforated, and test basins
for each treatment were arranged side by side in a 50 cm deep test
pit which had been excavated (Figure 2). The soil basic physical
and chemical properties at 0-40 cm soil depth are shown in Table 3,
which N, P, K and other nutrient indicators were determined by
colorimetric analysis with  CleverChem Anna automatic
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discontinuous chemical analyzer, and dry bulk density and water
Soil

holding capacity were determined by ring knife method.

particles composition was analyzed with the specific gravity
method.
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Figure 2 Layout of experimental plots
Table 1 Soil salt content gradient in 2017 and 2018
2017 2018
Treatments Soil salinity/g g™ Treatments Soil salinity/g kg™
CK 15 CK 15
S1 4.0 S1 4.0
S2 7.0 SS2 5.0
S3 10.0 SS3 7.0
Table 2 Amount of irrigation and fertilizer application in 2017 and 2018
Water treatment Fertilizer treatment
2 Monoammonium  Potassium chloride ~ Times of
Year Growth stage Date Amount of Irrigation Urea/kg hm phosphate/kg hm™ Ikg hm? fertilization
irrigation/mm  frequency
N1 N2 N3 N4
47 38 28 19 28 28 1
150 3 140 112 84 56 84 84
2017  Expansion stage Jun.22 to Jul.31 200 4 187 150 113 75 113 113 4
Mature stage Aug.1to 20 50 1 — — — — — — —
Whole growth stage 450 9 375 300 225 150 225 225 8
Seedling stage Apr.30 to May.27 50 1 47 38 28 19 28 28 1
Flowering stage May.28 to Jun.22 150 3 140 112 84 56 84 84 3
2018  Expansion stage Jun.23 to Jul.26 200 4 187 150 113 75 113 113 4
Mature stage Jul.27 to Aug.15 50 1 — — — — — — —
Total growth stage 450 9 375 300 225 150 225 225 8
Table 3 Mean of soil physical and chemical properties at 0-40 cm soil depth in 2017 and 2018
vears Dry bulk density Total nitrogen  Total phosphorus ~ Total potassium Auvailable phosphorus  Available potassium Field water
Igem’® Ig kg Ig kg Ig kg Img kg* Ig kg holding capacity/%
2017 1.29 0.58 0.82 71 29.24 418.59 30.65
2018 1.32 0.63 0.77 8.0 31.22 415.31 28.43

It was found that soil with 10 g/kg salt content seriously
inhibited the growth of processing tomatoes and decreased the
yield and the quality of processing tomatoes, which was not
conducive to the cultivation of processing tomatoes. To
determine the suitable range of soil salt content for processing
tomato cultivation, the level of 10 g/kg salt content was removed in
the experiments in 2018. According to the agronomic

requirements of local seed cultivation institutions, the amount of
nitrogen fertilizer input was 225 kg N/hm? at the control group
(N3). In 2017, it was found that low-nitrogen (N1) significantly
affected the growth and yield of processing tomato with soil salt
contents. Therefore, the non-nitrogen treatment (NO) was added
to further analyze and determine the responses of processing
tomatoes to low nitrogen treatment in 2018.
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Three plants with a 30-cm space of each plant were planted in OPSII = (F-F)/F,’ &)
each basin and surface soil within each basin was covered with Y(NO) = 1/(NPQ+1+gL>(F,/Fo—1)) (6)
plastic film. The applied chemical fertilizers were mainly Urea gL=qP ,/F’ @)

CO(NH,), (N: 46.4%), Monoammonium phosphate NH,H,PO,
(P,0s: 60.5%) and Potassium chloride KCI (K,0: 57%). The
amount of chemical fertilizer input were 225 kg NPK/hm? of urea
in the whole growth period according to the agronomic
recommendation of the local seed breeding institution®. In
addition, the total irrigation amount was 450 mm in all growth
periods according to the local production practice of Shihezi
City™.  The medical infusion tube was used to simulate the
dripper, and the irrigation volume of each barrel was precisely
controlled. The dripper flow rate was 1.8 L/h, and the irrigation
water salinity was 0.78 g/L.

2.3 Acquisition of indicator data

Three representative plants, which the middle lobes of the third
pinnate compound leaf were counted from top to bottom, were
selected in each treatment at the end of each growth stage. The
plant height was measured with tape gauge and the stem diameter
was determined using vernier caliper.

From May to August in 2017 and 2018, the photosynthesis rate
(Pn), transpiration rate (Tr) and stomatal conductance (Gs) of
processing tomatoes were measured with Li-6400 photosynthesis
measurement system (Li-COR 6400, USA). Photosynthetic
indicators such as intercellular CO, concentration (Ci) and
meteorological indicators such as atmospheric CO, concentration
(Ca) and photosynthetically active radiation (PAR) were
determined. In the sunny and cloudless day of each stage of
growth, the labeled single plant leaves and functional leaves of
different parts for each test were selected to investigate the
physiological indicators of the time period from 14:00 to 16:00.
The functional leaves in different parts were selected for 3
repetitions, and the average value of each plant was taken. The
average value of the plants was continuously recorded for 3 days (if
the weather did not allow, the measurement was postponed), and
the three-day average value was taken as the representative value of
the growth stage.

The labeled individual functional leaves were selected, and
their chlorophyll fluorescence parameters were determined with a
PAM-2500 portable chlorophyll fluorescence instrument and a
2030-B leaf clamp (Walz, Germany). Firstly, the leaves were
exposed to 1200 umol/m? s (PFD) saturated pulse light for about
0.8 s after dark adaptation for 30 min, and the chlorophyll
fluorescence parameters (initial fluorescence (Fg), maximum
fluorescence (Fy), etc.) of dark reaction were measured. Before
entering the daytime measurement, the corresponding F, and F, of
the blade were manually inputted, and then the stable fluorescence
(F") and the maximum fluorescence under light were measured
under light adaptation conditions. The fluorescence parameters
included maximum fluorescence vyield (F,) and minimum
fluorescence yield (Fy’), and the PSII maximum photochemical
efficiency (F.,/F.), PSII potential activity (F./Fg), photochemical
quenching coefficient (qP), non-photochemical quenching
coefficient (NPQ) and other fluorescence parameters (i.e., actual
photochemical efficiency (®PSIl) and non-photochemical
quenching quantum vyield (Y(NO))). The parameters were
calculated using the following equationst* :

Fv/Fm = (Fm_ FO)/Fm (1)
FV/FO = (me FO)/FO (2)
qP = (Fn=F)/ (Fn'-Fo) 3
NPQ = Fp/Fp'—1 @)

where, in complete dark adaptation, Fy is the minimum
fluorescence yield; F,, is the maximum fluorescence yield; F, is
variable fluorescence yield; In light adaptation; F’ is stable
fluorescence vyield; F,' is maximum fluorescence yield; Fy' is
minimum fluorescence yield; gP is photochemical quenching
coefficient; NPQ is Non photochemical quenching coefficient;
@oPS1I is the actual photochemical efficiency; Y(NO) is quantum
yield of non-photochemical quenching; gL is the photochemical
quenching coefficient.

In this study, the equation of irrigation water use efficiency
(IWUE)™ and nitrogen partial factor productivity (NPFP)E® were
presented as below:

iIWUE=Y/I (8)
NPFP=Y/N 9)
where, Y is economic output, kg/hmz; I is amount of irrigation, mm;
N is amount of pure fertilization, kg/hm?.
2.4  Fertilizer effect model

In this study, the single pot yield of processing tomatoes was
fitted by univariate fertilizer effect model with linear plus plateau.
The model was presented as below:

{y_a+bx (x<c) 10)

y=P (x>c)

where, y is the single pot yield of processing tomatoes, kg/hm?; x is

the amount of fertilizer application, kg/hm? a, b and ¢ are the

equation intercept, the regression coefficient and the intersection of

the platform and the straight line, respectively; P is the platform
Production, kg/hm?.

In addition, the unary quadratic model was also used to fit the
single pot yield of processing tomatoes according to the following
equation:

y=a; +hyx+cx® (11)
where, aj, b; and c; is the equation intercept, regression coefficient
of the first term and regression coefficient of the second term,
respectively.

The single pot yield of processing tomatoes was also fitted
using square root model as below:

y=a,+hx®%+cyx (12)
where, a,, b, and c, is the equation intercept, regression coefficient
of the square root term and regression coefficient of the first term,
respectively.

2.5 Data analysis

Two-way analysis of variance (ANOVA) and Post hoc multiple
comparisons were used to test the main effects of the soil salt
contents, soil nitrogen contents, and interaction of soil salt contents
with soil nitrogen contents on the growth and physiological
characteristics of processing tomato. The two-way analysis of
variance was conducted with SPSS 22.0 software (SPSS Inc.,
Chicago, IL, USA).

3 Results and discussion

3.1 Effects of nitrogen and salt on the growth of processed
tomato

The plant height and LAI of processing tomatoes gradually
increased with the growth stages in 2017 and 2018 (Figure 3).
However, the growth rate significantly decreased from the end of
expansion to the end of maturity (Jul 25-Aug 15) compared with
the growth stage of the earlier period (May 20-June 16) and even
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LAI presented the decrease at the end of maturity (Figure 3). For
N3S2 treatment, the plant height in 2017 was higher than that in the
earlier period (May 20-June 16). For instance, the growth rate of
plant height plant height increased at by 3.62% and 41.56%, and
the LAI was —6.69% and 58.41% in the late and early growth
stages of processed tomato, respectively, but was constant in the
intermediate growth stages of processed tomato. The changes
were generally consistent in 2018 and 2017. The plant height and
LAI of processing tomatoes were higher in low salt treatment (i.e.,
CK and S1) than those in high salt treatment (i.e., S2, SS2, SS3 and

S3) in 2017 and 2018 (Figure 3), indicating that S1 promoted but
S2 and S3 inhibited the growth of processing tomatoes, and the
inhibition strengthened with the increase of soil salt content under
the same nitrogen level in 2017 and 2018 (Figure 3). Our results
were in agreement with previous observations that soil salinity
negatively affected the growth of mangrove, tomato, and chile
pepper plants and the effects increased with increase in soil
salinity®*.  Zhang et al.l”’ found that tomato growth was not
significantly affected by short-term (<21 d) salinity stress
regardless of the growth stage of the plant.
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Figure 3 Plant height and LAI of processing tomato in different soil nitrogen and salt contents

Table 4 Two-way analysis of variance (ANOVA) of the effects of nitrogen and salt on plant height and LAI of processing tomato

Plant height /(cm) LAI
Years Treatments
20 May 16 Jun 25 Jul 15 Aug 20 May 16 Jun 25 Jul 15 Aug
N 65.610** 689.554** 72.196** 4629.192** 18.442** 782.237** 5820.412** 20.491**
2017 S 83.615** 4059.103** 68.767** 36804.592* 75.509** 3251.361** 17683.942** 87.275**
N*S 160.642** 285.922** 12.370** 1395.038** 18.155** 311.289** 2518.048** 11.300**
N 55.777** 360.899** 267.247** 40.166** 11.207** 18.365** 232.715** 1063.871**
2018 S 45.694** 2412.584** 4417 .385** 610.760** 7.934** 141.453** 2720.700** 11043.724**
N*S 40.658** 261.629** 404.810** 42.769** 9.053** 5.244** 109.670** 639.378**

Note: Different letters indicate significant difference between treatments (p<0.05).

respectively. N: nitrogen, S: salt content.

In this study, soil salt did not affect the plant height and LAI of
processed tomatoes during the seedling and flowering and fruit
setting stages but significantly influenced them during the fruit
expansion and maturity stages in 2017 and 2018. Soil salt
significantly inhibited the plant height and LAl of processed
tomatoes as the soil salt content exceeded 5.0 g/kg. This is in
accordance with the observation of Chaichi, who found that high
salt resulted in a decrease in nitrogen absorption and thus low
nitrogen content in tomato plant tissues. The increase of nitrogen
fertilizer input significantly increased the plant height and LAI of
processed tomatoes under the low soil salt content™. However,
as soil salt content was too high, adding nitrogen fertilizer not only
resulted in the decrease in plant height and LAI of processed
tomatoes, but also led to the decrease in nitrogen use efficiency™.

** and *. Indicates correlation is significant at p < 0.01 and p < 0.05 (two-tailed),

3.2 Responses of photosynthetic index of processing tomatoes
to soil nitrogen and salt content

Figure 3 shows the response of photosynthetic indexes (i.e., Pn,
Gs and Ci) of tomato processed by drip irrigation to nitrogen
application rate and soil salt content under drip irrigation in 2017
and 2018. The Ci gradually increased with the whole growth
stages. However, Pn and Gs significantly increased before fruit
expansion stage but generally decreased after fruit expansion stage
(Figure 4a, 4b and 4c). When soil salt content exceeded 7 g/kg in
2017 and 5 g/kg in 2018, soil salt negatively affected
photosynthetic indexes. Zhu et al.”? found that the salt stress of
5.3 g/kg resulted in a significant decrease in the Pn, Gs and Ci of
cotton leaves, which was consistent with the results of this study.
Ke et al.® found that low concentration of NaCl (i.e., 1 g/kg) had
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no significant effect on Pn in mulberry seedling leaves, while high
concentration of NaCl (i.e., 3 g/kg, 5 g/kg and 7 g/kg) had
significant inhibition on Pn. The effects on photosynthetic index
increased with the increase of salt content. In addition, it was
found that the maximum nitrogen application rate was 300 kg/hm?.
The nitrogen fertilizer input positively influenced photosynthetic
index when soil salt content was lower, but increase of nitrogen
fertilizer did not improve the photosynthetic index obviously and
aggravated the inhibition of salt at a certain extent as soil salt
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content was higher. Salt stress inhibits photosynthesis of plants
(especially non-halophytes) and reduces the ability of plants to
assimilate products*’l. As the salt concentration increases, the
degree of inhibition of plant photosynthesis increases®. Li et
al.l*! found that photosynthetic parameters (i.e., Pn and Gs)
significantly decreased as the concentration of NaCl in the soils
increased from 0 mmol/L to 400 mmol/L, indicating that the
photosynthesis of mangrove leaves is severely affected under salt
stress conditions.
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Figure 4 Effects of soil nitrogen and salt contents on photosynthetic indexes (i.e., Ci(a), Pn(b), Gs(c)) of processing tomato and
relationships among photosynthetic indexes
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3.3 Responses of fluorescence parameters of processing
tomatoes to soil nitrogen and salt content

Figure 5 shows the effect of nitrogen and salt on fluorescence
index of processing tomato by drip irrigation in 2017 and 2018.
The F./F,, ®PSIlI and NPQ increased in S1, but decreased in S2
and S3 compared with SO under all soil nitrogen content in 2017
and 2018, indicating that F,/F,,, ®PSII and NPQ increased as soil
salt content was lower than 5 g/kg and higher than 7 g/kg but
decreased with increase of soil salt contents at the extent of 5-
7 g/kg. Salt stress can damage the photosynthetic organs of plant
chloroplasts and the ®PSII reaction center, ultimately leading to a
decline in plant photosynthetic capacity!”). The salt stress on
plant chlorophyll fluorescence causes the decreases of F,/F, F.,/F,,
and ®PSII, but the increase of NPQ®. Plants can increase heat

dissipation through non-photochemical quenching, consume
excessive excitation energy, and thus reduce the damage of the
stress environment and protect themselvesi**® . The stress
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degree of fluorescence index increased with the increase of salt
content. The fluorescence indexes gradually increased with the
growth of processed tomato. Increasing soil nitrogen input could
improve fluorescence index as soil salt contents was lower (i.e., CK
and S1). The medium and high nitrogen application rate was
beneficial to the increase of Fv/Fm, ®PSII and NPQ when soil salt
contents were higher (i.e., S2, S3, SS2 and SS3), thus promoting
the photosynthetic capacity of processing tomato.  Y(NO)
gradually decreased with the growth of processing tomato in 2017
and 2018 (Figure 5d). Y(NO) decreased with increase of soil salt
contents at the extent of 5-7 g/kg during the early growth stages of
processing tomato and increased at the extent of 1-7 g/kg during
the later growth stages of processing tomato under all soil nitrogen
levels. In the middle and high salt area, Y(NO) gradually
increased with the development of growth period. However, salt
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Figure 5 Effects of soil nitrogen and salt contents on fluorescence parameters (i.e., F,/Fp, ®PSII, NPQ, Y(NO)) of processing tomato
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cells, the chloroplast function and photosynthetic performance were
affected and even damaged®-®3. Zhao et al.®® indicated that
Fv/Fm and Fo significantly decreased as the salt concentration was
100~200 mmol/L. Additionally, salt stress inhibited the
photochemical activity of PSII and electron transfer, and weakened
the maximum PSI|I light energy conversion efficiency.
3.4 Water and nitrogen use efficiency of processing tomatoes
Figure 6 shows the interaction effects of nitrogen and salt on
yield, IWUE and NPFP of processing tomato by drip irrigation in
2017 and 2018. The soil salt contents, soil nitrogen contents and
the interaction of soil salt with soil nitrogen significantly affected
the Yield, IWUE and NPFP of processing tomato. In general, the
Yield, IWUE and NPFP of processing tomato increased in S1
treatment but decreased in S2 and S3 treatment under all soil
nitrogen levels compared with CK treatment in 2017 and 2018,
indicating that the yield, IWUE and NPFP of processing tomato
decreased with increase of soil salt content at the extent of 1-

B=Yield, D=2017

10 g/kg. The surprising results were that the Yield, IWUE and
NPFP of processing tomato in N1S3 treatment were higher than
those in N1S2 treatment in 2017. The increase of nitrogen
fertilizer input could increase the yield of processed tomato and the
IWUE in low salt treatment (CK and S1), which were highest in
N2S1 treatment. The yield and IWUE significantly decreased in
2017 but were generally constant in 2018 with increasing input of
nitrogen fertilizer in high salt treatment.  Nitrogen partial
productivity decreased significantly with the increase of nitrogen
application rate, and the effect of high salt treatment on nitrogen
partial productivity was higher than that of low salt treatment.
The results were consistent with previous observation that NFP
decreased with the increase of fertilizer amount under the same
irrigation amount®*®!.  Hou et al.®® and Gao et al.*" also found
that agronomic efficiency and partial productivity of nitrogen
fertilizers significantly reduced with the increase of nitrogen
application rate.
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Figure 6 Effects of soil nitrogen and salt contents on the yield and water and nitrogen use efficiency of processing tomato

3.5 Analysis of univariate effect model of nitrogen

Table 5 reflects the corresponding nitrogen effect equation of
three saline-alkali soils (non-saline-alkali soil, weak saline-alkali
soil and moderate saline-alkali soil). The changing trends in the
determinant coefficient R? of the nitrogen effect equation was
unary quadratic > linear plus plateau > 0.5 > square root for
non-saline-alkali soil, linear plus plateau > unitary quadratic >
0.5 > square root for weak saline-alkali soil, and square root >
unitary quadratic > linear plus plateau > 0.5 for moderate
saline-alkali soil, respectively (Table 5). Therefore, the unitary
quadratic and linear plus plateau should be selected to fit the
relationship of nitrogen application to yield for non-saline-alkali
soil and weak saline-alkali soil, but the square root effects

equations was selected to present the relation of nitrogen
application with yield of processing tomato for moderate
saline-alkali soil.
3.6 Maximum yield and nitrogen application

The fitting results of the maximum yield of the univariate
nitrogen effect model for soils with different salinity and alkalinity
are shown in Table 6. Although the univariate quadratic and
square root effect equations have certain fitting effects for
non-saline-alkali soil and weak saline-alkali soil, there is no the
amount of nitrogen fertilizer input to fit the maximum yield.
Therefore, the linear plus plateau model is selected for the nitrogen
effect models of non-saline-alkali soil and weak saline-alkali soil,
which the determination coefficients were 0.615 and 0.648,
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respectively. Three formulas were used to fit the maximum yield
and the nitrogen application rate for the moderate saline-alkali soil,
but the preferable square root model was selected according to the

determinant coefficient. The highest yield was 1.05 < 10° kg/hm?
with square root equation and the nitrogen application rate was
58.83 kg/hm?.

Table 5 Unary models of nitrogen fertilizer effects on processing tomato in different saline soil

Fertilizer Degree of soil salinization Fertilizer effect model Model function R?
. y=2.504+0.019x (when x<8.474)
Linear plus plateau 0.615
) . y=2.665 (when x>8.474)
Non-salt alkaline soil - ;
Unary quadratic y=0.0019x"+0.001x +2.5235 0.674
N Square root y:—0.05809x°'5+ 0.03799x+2.52369 0.434
. y=2.555+0.018x (when x<8.625)
Linear plus plateau 0.648
. . . y=2.690 (when x>8.625)
Weak saline alkaline soil - >
Unary quadratic y=0.0009x"+0.0076x+2.5697 0.543
Square root y=-0.03076x"%+0.02608x+2.57057 0.420
. y=2.105+0.083x (when x<2.867)
Linear plus plateau 0.646
. . ) y=1.867 (when x>2.867)
N Moderate saline-alkaline soil - 7
Unary quadratic y=-0.0195x"+0.0076x +2.1359 0.902
Square root y=0.6601x"°-0.27816x +2.1086 0.970

Note: X in Linear plus plateau Function is Platform Output.

Table 6 Predicted maximum yield with each model of
nitrogen fertilizer effects on processing tomato in different
saline soil

Nitrogen
application yield of fresh

Degree of soil Fertilizer effect The highest

Fertilizer

salinization model ratefkg hm?  fruit/kg hm2
Linear plus plateau 355.61 111834.82
Non-salt -
alkaline soil UMY quadratic o o
Square root — —
Linear plus plateau 361.94 112883.93
Weak saline .
N alkaline soil Unary quadratic — —
Square root — —
Moderate Linear plus plateau 120.31 78347.32
saline-alkaline  Unary quadratic 8.18 89593.75
soil Square root 58.83 104910.71

The larger amount of nitrogen fertilizers is added to achieve
the maximum yield for non-salt alkaline soil (355.43 kg/hm?) and
weakly saline alkaline soil (362.15 kg/hm?), and the yields did not
differ between non-salt alkaline soil and weakly saline alkaline soil
1.12x10° kg/hm? vs 1.13x10° kg/hm?, respectively). However,
the lower amount of nitrogen fertilizers (58.75 kg/hm?) reaches the
highest yield of 1.15x10° kg/hm? for moderate saline-alkali soil.
The results indicated that the amount of nitrogen fertilizers in
moderate saline-alkali soil was 83.46% and 83.74% lower than that
in non-salt alkaline soil and weak saline-alkali soil, respectively.
Therefore, the processing tomatoes should be planted in moderate
saline-alkali soil to achieve higher yields due to lower input of
nitrogen fertilizer. The fitting results are consistent with the
experimental results.

4 Conclusions

In this study, we presented the processing tomato growth and
physiological characteristics with changes in soil nitrogen and salt
contents under drip irrigation in Xinjiang of China. The nitrogen
fertilizer was added to reconcile salt stress to explore the response
mechanism of crop growth and yield to soil nitrogen and salt
contents. At the same time, the quantification of nitrogen
application and the maximum vyield in tomato processing in
Xinjiang is realized by the comparing and selecting the preferable
fitted model of nitrogen effect. Conventional nitrogen application

(225 kg/hm?) had the least effect on the growth of processing
tomato among all soil salinity treatments. The optimal amount of
nitrogen fertilizer input was 300 kg/hm? for processing tomato as
soil salt content was lower than 4.0 g/kg. The nitrogen
application rate of 150 kg/hm? is the most effective for processing
tomato when salt content was higher than 5.0 g/kg. For practical
application, the processing tomatoes should be planted in moderate
saline-alkali soil to achieve higher yields due to lower input of
nitrogen fertilizer, potentially reducing fertilizer costs and
maximizing profits from high processing tomato yields. In
addition, the linear plus platform was selected to determine the
nitrogen effect models of non-saline-alkali soil and weak
saline-alkali soil, but the square root nitrogen effect model of
moderate saline-alkali soil was selected to accurately predict the
yield of processing tomato.
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