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ABSTRACT 

Although greenhouse vegetable cultivation is one of 
the most productive industries in agriculture, it usually 
results in soil secondary salinization (SSS) that degrades 
soil quality, subsequently reducing agricultural efficiency. 
Therefore, it is necessary to propose some guidelines to 
direct the management of SSS in greenhouse agricultural 
areas. In this study, NO3--SSS classification was studied 
in greenhouses planted with tomato (Solanum lycopersi-
cum L.) in Taizhou, Jiangsu province, East China. After 
the soils in these greenhouses were treated with different 
concentrations of nitrate, the SSS levels as expressed by 
electrical conductivity (EC) were studied at 0.91 ds m−1 for 
control (ck), 2.91 ds m−1 for treatment 1 (T1), 3.95 ds m−1 
for treatment 2 (T2), 4.76 ds m−1 for treatment 3 (T3) and 
6.30 ds m−1 for treatment 4 (T4). The results showed that 
there were statistically significant relationships between 
NO3- contents and soil EC in the surface soils, implying 
that the change in soil quality resulted from the difference 
in nitrate contents. The level of the NO3- - SSS was also 
significantly related to the tomato height and yield (p < 
0.05). The NO3- - SSS was divided into five levels ac-
cording to the effects of SSS on the tomato height and 
yield (level I: 2.14 ds m−1 < EC < 2.87 ds m−1, level II: 
2.87 ds m−1 < EC < 4.20 ds m−1, level III: 4.20 ds m−1 < 
EC < 5.57 ds m−1, level IV: 5.57 ds m−1 < EC < 6.94 ds 
m−1, level V: EC > 6.94 ds m−1). This study provides prac-
tical guidelines for determining optimum levels of NO3- 
treatment and NO3--SSS in facilities agriculture, and also 
gives some valuable information to manage the cropping 
of vegetable e.g., tomato, in greenhouse by adjusting 
salinity in soil.  
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1. INTRODUCTION 

Greenhouse cropping supplies most of the high-quality 
fresh produce, including out-of-season fruits and vegeta-
bles, and also offers high profits for local farmers. How-
ever, the sustained intensive cropping leads to soil secon-
dary salinization (SSS) [1]. As a result of the SSS, agri-
cultural activity has slowed down, and in extreme cases 
the fields have been abandoned [2-3]. SSS has been con-
sidered to be one of the major factors that limit sustainable 
development of facility agriculture [4]. Therefore, it is of 
practical significance to develop guidelines to early prevent 
the SSS occurrence and make the best of the SSS in green-
house agriculture. Concretely, once this classification guide-
line set, it can be used as the critical value to early prevent 
the SSS occurrence. If the SSS occurred, it can be used as 
the guide to choose the adaptive vegetable to put up with 
the different levels of SSS.  

So far, some methods for management of SSS in ag-
ricultural ecosystems have been proposed, which can be 
summarized as follows. The SSS level is decreased by (1) 
agricultural measures such as irrigation and precise fer-
tilization [5-7]; (2) soil replacement and amendments [8-
11]; (3) establishing flexible cropping systems [1, 12]. Al-
though these aforementioned methods have provided be-
nefit for alleviating SSS, they are difficult to apply in dif-
ferent greenhouses with different types of SSS. Aiming at 
managing the SSS in different facility agricultural areas, it 
is first proposed to develop a classification guide on the 
SSS.  

The SSS is one of the main problems caused by salts 
and nutrient accumulation [13]. For instance, excessive 
accumulation of nitrate led to SSS and then inhibited the 
growth and development of Cucumis sativus L. signifi-
cantly [14, 15]. The accumulation of nitrate is the charac-
teristic of SSS [16]. However, in some areas, especially 
those areas in which potassium sulfate was used as the ma-
jor source of potassium, the sulfate ion became the most 
important impact factor of the SSS, rather than the accu-
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mulation of nitrate and/or nitrite [17, 18]. In other areas, 
chloride ion is the greatest contributor to the SSS. Simul-
taneously, calcium is the major cation, contributing about 
60% of the total cations and 11%-14% of the total salt 
content. Then, considering the difference of salt composi-
tion, toxicity of ions, as well as mechanisms of ion toxicity 
causing the SSS, it is necessary to distinguish different 
kinds of SSS before being graded. The classification should 
involve categorization and grade, which are both essential 
to the research into and management of the SSS. In our 
study，the research work was focused on the classification 
of the SSS of nitrate (NO3

--SSS). 

Tomato (Solanum lycopersicum L.) is the major crop 
in the greenhouse system, which is sensitive to moderate 
salinity [19]. The response of tomato to the increase of 
salinity has been characterized in a number of studies [19, 
20]. In general terms, the response of tomato yield to in-
creasing salinity follows the Maas and Hoffman model, 
with a linear reduction after a threshold of root zone elec-
trical conductivity has been reached [21]. Moreover, to-
mato is also sensitive to nitrate in soil. For example, the 
nitrate contents in tomato increases with the increase of 
nitrate in the soil [22, 23]. However, little information 
focuses on the classification of the secondary salinity in the 
soils planted with tomato. . 

In this study, the main aim was to develop a guide re-
lated to classification of NO3

--SSS in the greenhouse that 
can enable efficient management and provide insight to 
improve tomato yield and quality. Because nitrate (NO3

-) 
is a common salt in greenhouse soil [24], the classification 
of NO3

- - SSS has been studied in Jiangsu province, east 
China which is a representative region of facility agricul-
ture [25]. These findings should provide a uniform method 
to manage the NO3

--SSS in greenhouse agriculture and 
optimize cropping measures, thereby resulting in enhanc-
ing agricultural yield and quality.  

 
 
2. MATERIALS AND METHODS 

2.1. Experimental design  

The experiments were conducted in four replicates dur-
ing two successive cropping periods (from April to July, 
2009 and from January to April 2010) in Taizhou, Jiangsu 
province (32.755°N, 119.891°E). The greenhouse (200 m 
× 25 m) was covered with polyethylene transparent to 
sunshine. The experimental areas (5 m × 3 m) were located 
within this greenhouse. The agrochemical properties of the 
experimental soil are presented in Table.1. Each experi-
mental area was equally divided into 5 rows (plots) and 
tomato (Solanum lycopersicum L.) was grown in each. To 
avoid the exchange of salts and water between plots, each 
row (plot) was isolated by a polyethylene film (5.0 m × 
0.8 m) buried to a depth of 0.6 m on both sides. 

To obtain the experimental materials – the NO3
--SSS, 

soils were treated as follows: 25g Mg(NO3)2 and 28g 
Ca(NO3)2 and 120L H2O for treatment 1 (T1), ie, 83.3 kg 

ha-1 Mg(NO3)2 , 93.3 kg ha-1 Ca(NO3)2. 37g Mg(NO3)2 and 
42g Ca(NO3)2 and 120L H2O for treatment 2 (T2), ie, 
123.3 kg ha-1 Mg(NO3)2, 140.0 kg ha-1 Ca(NO3)2. 56g 
Mg(NO3)2 and 63g Ca(NO3)2 and 120L H2O for treatment 
3 (T3), ie, 186.7 kg ha-1 Mg(NO3)2 , 210.0 kg ha-1 Ca(NO3)2. 
and 75g Mg(NO3)2 and 84g Ca(NO3)2 and 120L H2O for 
treatment 4 (T4), ie, 250.0 kg ha-1 Mg(NO3)2 , 280.0 kg ha-1 

Ca(NO3)2.. No chemicals were added to the control (ck). 
Correspondingly, the initial concentrations of soil EC might 
be within the ranges 1.5-3.0 ds m -1for T1, 3.0-4.5 ds m -1 for 
T2, 4.5-5.5 ds m -1for T3, and 5.5-7.0 ds m -1for T4.  

 
TABLE l - The agrochemical properties of the experimental soil in 
the greenhouse (means, n = 4). 

Agrochemical properties Soil layer (0-8 cm) 
Nitrate (mg kg -1) 
Available phosphorus (mg kg -1) 
Available potassium (mg kg -1) 
Total nitrogen (g kg -1) 
Sulfate content  (mg kg -1) 
Organic matter  (g kg -1) 
pH (-) 
Electric conductance (ds m-1) 

98.92 
65.40 

117.54 
2.479 
79.33 
2.253 
6.83 
0.921 

 
Thereafter, the tomato (Solanum lycopersicum L. Var. 

Jinpeng.No.1), a popular vegetable in East China, was used 
for the experiment. The tomato seeds were sown in nursery 
pots after having been immersed in deionized water at 40-
50 oC for 12 hrs. On the appearance of the second true 
leaf, the tomato seedlings were transplanted to the control 
and treated plots in the greenhouse. For the duration of the 
experiment, the temperature in the greenhouse was kept at 
25-30 oC in the daytime and at 18-20 oC at night. All plots 
were irrigated six times with river water during the ex-
perimental period. The nitrate concentration in the river 
water was below 8.0 mg L-1. 

 
2.2. Sample and Analyses 

To assess the effects of different levels of SSS on the 
tomato vegetative growth, the plants’ height was investi-
gated at different periods (the first 10th, 20th, 30th, 40th, 
50th, 60th, and 70th after the planting). 

In order to estimate the effects of different SSS on the 
tomato fruit yield, Y/P (fruit yield per plant), Nf (Number 
of fruits per plant), WSF (weight of single fruit) were 
determined at the harvesting time. 

To assess the organoleptic fruit quality, 6 mature fruits 
from every plot were randomly selected every 2 weeks 
over the course of the experimental period. The total solu-
ble sugar contents (TSC), total titratable acidity (TTA) and 
vitamin C contents (VC) were determined according to 
previously described methods [26, 27]. 

To assess the effect of different levels of SSS on nitrate 
contents in tomato fruits, nitrate contents in the ck and 
treatments were determined. Each dry fruit was milled to a 
fine powder which was then transferred to a 100-mL 
beaker with deionized water (10 mL). This mixture was 
heated (150 oC) in a shaker (150 rpm) for 10 mins, cooled 
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(25 oC) and centrifuged for 15 min at 27 000 × g. The 
supernatant was filtered through glass wool, and the resi-
due was washed twice with small volumes of water. The 
combined filtrate was centrifuged at 48 000 × g for 15 min. 
The supernatant solution was then used for NO3

- determi-
nation [28]. 

Soil samples were collected in triplicate on six occa-
sions (April 14, June 25, July, 30, 2009 and January 10, 
February 25, April 2, 2010). Fresh soil (50 mg) was 
mixed with deionized water (10 mL). The soil nitrate con-
centration was determined spectrophotometrically using 
phenol disulfonic acid [28]. 

The rest of each fresh soil sample was air-dried and 
then sieved through a 1.0-mm mesh, homogenized and 
stored in plastic bags at room temperature (from 20 to 
25 oC)  until they were required for analysis. Salinity as 
expressed by electrical conductivity (EC), was measured 
with a DDS-320 conductivity meter at 25 oC after the soil 
was mixed with water (the weight ratio of soil to water is 
1:5).  

Initial soil available phosphorus (P) was extracted us-
ing 0.5 M NaHCO3 (pH 8.5) according to the method of 
Olsen [29] and the P concentrations in the extracts were 
determined using the molybdenum blue method [30]. Soil 
available potassium (K) was extracted by 1 M NH4OAc 
(pH 7) and K concentrations in the extracts were analyzed 
by flame photometry [30]. Soil available sulfur (S) was 
extracted by Ca(H2PO4)2-HOAc and analyzed by spec-
trophotometry [31]. Organic matter was determined using 
the wet digestion tube method using potassium dichromate 
as oxidant [32]. The total nitrogen was measured by the 
Kjeldahl method [33]. The pH was measured as a soil - 
water slurry (the weight ratio of soil to water is 1:2.5). 
The physicochemical properties of the initial soil were 
showed in Table 1. 

 
2.3. Statistical analyses 

The data were analyzed using SPSS software (version 
17.0) and Origin (version 8.0). The level of statistical sig-
nificance was accepted when p < 0.05. 

 
 
3. RESULTS  

3.1. Soil NO3
- contents 

Soil NO3
- contents of 0-8 cm soil layer at different 

times are shown in Table 2. The NO3
- concentrations in 

the control (ck) soil were lower than those in the treat-
ments. The initial NO3

- contents in the treatment groups 
increased with the increase of salinity concentrations from 
T1 to T4. The trend of the soil NO3

- contents at the sur-
face soils from 0 to 8 cm in the ck and treatments were to 
lower values with experimental time.  

 
3.2. SSS expressed by electrical conductivity (EC) 

Soil electrical conductivity (EC) was determined at 
four times, viz. - 7 days after salt treatment, 40 days after  

TABLE 2 NO3
- contents of the surface soil layer (0-8 cm) at different 

periods (means, n=4) 

NO3
-（mg kg-1） Treat-

ment T7ds P40ds FBA H7ds 
ck 
T1 
T2 
T3 
T4 

 98.76 
349.22 
706.55 
1087.34 
1513.59 

 67.49 
262.24 
507.15 
847.15 
1233.57 

34.17 
99.85 
285.4 
367.5 

492.31 

30.14 
64.15 
126.5 
301.46 
403.8 

Note: T7ds - soil NO3
- contents after one week of salt treatment, P40ds - 

40 days after planting, FBA - full bearing age, H7ds - 7 days after full 
harvest. 

 
planting, 70 days after planting, and 7 days after full har-
vest (Fig. 1). The levels of SSS expressed by electric con-
ductivity (EC) were 2.91 ds m -1 for T1, 3.95 ds m -1 for 
T2, 4.76 ds m -1 for T3 and 6.30 ds m -1 for T4. The level 
of soil salinization was 0.91 ds m -1 in the ck. The EC 
values in the ck were always lower than those in the treat-
ments during the experimental period. The rates of decrease 
in soil salinization (EC/sampling time) for the different 
treatment groups (T1, T2, T3 and T4) were almost the 
same despite the difference in initial levels of salinity. On 
the 7thday after full harvest (day 77), the soil EC had 
decreased to 0.29 ds m-1 for ck, 1.43 ds m-1 for T1, 2.35 ds 
m-1 for T2, 3.09 ds m-1 for T3, and 4.05 ds m-1 for T4. 
Compared with the initial value, EC values were individu-
ally reduced by 68.1% for ck, 50.9% for T1, 40.5% for 
T2, 35.1% for T3 and 35.7% for T4. 
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FIGURE 1 - Soil EC (0-8 cm) dynamic variation of four treatments 
(T1, T2, T3 and T4) and ck at different periods. Each data point is 
the mean of six measurements ± SD. (The sample times are: ⅰ- 7 
days after salt treatment; ⅱ - 40 days after planting; ⅲ - 70 days 
after planting, which is also tomato full bearing age; and ⅳ - 7 days 
after full harvest) 

 
3.3. Tomato plant heights and fruit yields 

As Fig.2 showed, except for T1, the tomato plant 
heights in treatments were lower than those of ck at every 
sampling time. The heights of T2, T3 and T4 at the end of 
the experiment had decreased by 10.1%, 32.3%, 53.3% 
compared to ck, respectively, while the tomato height in 
the T1 increased by 13.7% (Table 3).  
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FIGURE 2 - Height of tomato plants for 5 treatments at different 
times: p10, p20, p30, p40, p50, p60, p70 (the day after planting 10d, 
20d, 30d, 40d, 50d, 60d, 70d.) Each data point is the mean of six 
measurements ± standard deviation. 

 
The Y/P, Nf, WSF values for T2, T3 and T4 de-

creased significantly compared to those of ck (p <0.05), 
while the Y/P, Nf, WSF generally increased slightly for 
T1 (Table 3). Tomato fruit yield per plant (Y/P) was in-
creased with the increase of salinity before soil EC reached 
the EC-threshold (maximum salinity without yield reduc-
tion). However, Y/P decreased with increasing salinity 
after the EC-threshold. The Y/P reduced by 11.8% for T2, 
40.2% for T3 and 74.6% for T4. The same trend of fruit 
number and weight per plant with the increasing salinity 
can be found. The fruit number decreased 11.1%, 27.8% 
and 55.6% for T2, T3 and T4, respectively. The weight of 

signal fruit (WSF) also decreased by 6.6%, 21.1% and 
42.7% for T2, T3 and T4, respectively. 

 
3.4. Nitrate concentration in tomato fruit 

The nitrate contents in all treatments increased sig-
nificantly (Fig. 3). T1, T2, T3 and T4 increased by 1.1, 
2.3, 3.6 and 5.2 times than those of ck, respectively. 
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FIGURE 3 - Fruit nitrate contents (mgkg-1) in treatments T1 - T4 
and ck. Each data point is the mean of six measurements ± SD. 

 
3.5. Tomato fruit quality 

Tomato quality parameters including fruit VC, soluble 
sugar, organic acid and sugar-acid ratio (TSC/TAA) are 
shown in Table 4. In general, the quality parameters except 
TSC/TAA in treatments were higher than those of ck. While 
the TSC/TAA decreased with the increase in salinity. 

 
 
 

TABLE 3 - Tomato height, fruit yield, number and weight in ck and treatments (n = 6, means ± SD) 

Treatments 
 ck T1 T2 T3 T4 

Height (cm) 94.8 107.8 85.2 64.2 44.3 
TY(kg) 41.0±0.2 44.4±0.4 32.2±0.2 17.7±0.2 4.6±0.1 
Y/P (g) 2277.8.0±13.5 2466.7±22.5 2012.5±15.7 1361.5±16.6 575.0±10.2 

Np 18 18 16 13 8 
Nf 18 19 20 14 10 

WSF 126.5±1.0 129.8±1.8 100.6±1.0 97.25±1.7 57.5±2.5 
Notes: TY - total yield per plot; Y/P - fruit yield per plant; Np - number of plants surviving in each treatment; Nf - number of fruits per plant; WSF - 
weight of single fruit. 

 
 
 

TABLE 4 - Fruit vitamin C (VC), soluble sugar content (TSC), total titratable acid (TTA) and sugar-acid ratio (TSC/TTA) in the ck and 
treatments (n=6, means ± SD) 

Property Samples 
 ck T1 T2 T3 T4 

VC (mg 100g-1) 7.54±0.37 8.50±0.50 8.81±0.38 9.98±0.41 11.57±0.57 
TSC (g 100g-1) 2.60±0.20 2.90±0.24 3.13±0.13 3.49±0.19 3.77±0.18 
TTA (g 100g-1) 0.51±0.08 0.58±0.04 0.63±0.08 0.71±0.10 0.78±0.04 

TSC/TTA 5.10±0.12 5.00±0.09 4.97±0.15 4.91±0.18 4.83±0.12 
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4. DISCUSSION  

4.1. The relationship between Soil NO3
- contents and EC 

With the growth of the tomato, NO3
- contents of the 

ck and treatment soils decreased. This reduction is attrib-
uted to both the uptake by plants and the infiltration of the 
NO3

- into deeper layers [34]. It was found that there were 
significant relationships between NO3

- contents and top 
soil EC (Table 5). This finding is consistent with previous 
studies by Albiach et al [34] and Shi et al. [35]. These re-
sults implied that the change in soil quality resulted from 
the difference in nitrate content could be expressed by the 
soil EC. In other words, it is feasible to demonstrate the 
classification of the NO3

- - SSS by the soil EC.  
 

TABLE 5 The relationships between electrical conductivity (EC) 
and NO3

- contents in 0-8 cm horizon of the control (ck) and treat-
ments (T) 

 Linear regression equation r p 
ck NO3

- = 0.00839 EC + 0.13231 0.986 0.010 
T1 NO3

- = 0.00465 EC + 1.23249 0.981 0.020 
T2 NO3

- = 0.00271 EC + 1.98389 0.997 0.004 
T3 NO3

- = 0.00253 EC + 2.07091 0.996 0.005 
T4 NO3

- = 0.00270 EC + 2.05906 0.984 0.020 
 

4.2. Relationships between soil EC and tomato height and 
yield 

During the experimental period, from the whole trend 
line, the tomato height in the T2, T3 and T4 decreased with 
the increase of EC in soils. There was a significant relation-
ship between EC in soil and tomato height (Height = 
115.58 - 10.07EC, r = - 0.88, p = 0.049). when the height 
decreased by 15%, 30%, 60%, the corresponding soil EC 
were 3.48 ds m-1, 4.89 ds m-1, 7.71 ds m-1. 

The correlation between tomato Y/P and the soil EC 
(ds m -1) was negative, following the linear equation: Y/P = 
- 332.35EC + 2991.53 (r = -0.87, p = 0.05). When Y/P 
decreased by 10%, 30%, 50% and 70%, the corresponding 
soil EC were 2.87 ds m-1, 4.20 ds m-1, 5.57 ds m-1and 6.94 
ds m-1, respectively. The same relationship between Nf 
and soil salinity (soil EC) can be found as follows, Nf 
= -1.93EC + 22.08 (r = - 0.88, p = 0.049). When Nf de-
creased by 10%, 30%, 50% and 70%, the soil EC were 
3.04 ds m-1, 4.90 ds m-1, 6.77 ds m-1and 8.63 ds m-1, re-
spectively. There was a linear relationship between the 
weight of single fruit (WSF) and soil EC [WSF = -10.28EC 
+ 148.15 (r = - 0.88, p = 0.05)]. When WSF decreased by 
10%, 30%, 50% and 70%, the soil EC values were 3.32 ds 
m-1, 5.79 ds m-1, 8.25 ds m-1and 10.72 ds m-1, respec-
tively.  

 
4.3. Relationships between EC and tomato quality 

Fruit nitrate contents increased with the increasing sa-
linity. The linear equation was NO3

- = -45.32 + 138.62EC 
(r = 0.98, p = 0.003). The effects of salinity are not always 
negative; salt treatment can slightly improve tomato fruit 
quality. In our study Fruit vitamin C contents (VC), total 
soluble sugar contents (TSC) and titratable organic acid 

(TOA) were linearly increased to varying degrees with the 
increasing soil EC (VC = 6.50 + 0.74EC, r = 0.96, p = 
0.08; TSC = 2.33 + 0.23EC, r = 0.98, p = 0.02; TOA = 
0.45 + 0.052EC, r = 0.98, p = 0.002). 

 
4.4. The proposed classification of NO3

- - SSS 

According to the WHO (World Health Organization ) 
and FAO (Food and Agricultural Organization) [36], fresh 
vegetables which had less than 432 mg kg-1 nitrate are 
defined as mild contaminated, 432 - 785 mg kg-1 as me-
dium contaminated, 785 - 1440 mg kg-1 as serious con-
taminated, 1440 - 3100 mg kg-1 as heavy contaminated. 
With the increase of soil EC from 3.95 to 4.76 ds m-1, the 
nitrate contents changed in an rapid enhancement from 
456.5 to 644.1 mg kg-1, up to the level of medium con-
tamination, indicating that the soil salinity was above me-
dium levels; at 6.30 ds m-1 the nitrate contents reached the 
rank of serious contamination, indicating the soil was 
strongly saline. The classification of SSS might be gener-
ally reflected by the nitrate in fresh vegetable. But the in-
crease of nitrate in fresh vegetable is not sensitive or pre-
cise enough to reflect the fluctuation of soil salinity. In 
addition, the measure method of nitrate in fresh vegetable 
is complicated. Therefore, it is not appropriate to choose 
the nitrate in fresh vegetable as one of the main parame-
ters to classify NO3

--SSS. 
In a certain extent, it could be concluded that increas-

ing salinity might improve tomato fruit quality. The con-
clusion in the present study has been consistently ob-
served in the report by Eltez et al. [37]. However, the im-
provement in quality was unable to economically com-
pensate for the reduction in fruit yield [38]. Moreover, the 
VC, TSC and TTA increased with the increase of salinity 
while the ratio of TSC to TTA decreased with the increase 
of salinity. In addition, the measure of VC, TSC and TTA 
in fresh vegetable is complicated, leading to errors. The 
last is that the parameters such as VC, TSC and TTA are 
hard to reflect the sensitive change in soil salinity. Then, 
the quality of tomato such as VC, TSC and TTA is not 
appropriate to be used to grade quantificationally the SSS. 

It is worthily noted that the number and weight of 
harvested fruits per plant decreased with salinity, and was 
a contributing factor to reduced fruit yield. This result was 
consistent with previous studies [39-41]. So it is possible 
that the NO3

- -SSS classification can be performed based 
on the height and yield of harvested fruits per plant. 

Plants exposed to saline environments are subjected 
to several adverse conditions, which can be categorized as 
shown in Table 6 [42, 43]. Plants differ widely in their 
ability to tolerate salts in the soil. Salt tolerance ratings of 
plants are based on yield reduction on salt-affected soils 
when compared with yields on similar non-saline soils. 
The classification for NO3

- -SSS might be similar to the 
salt tolerance ratings of plants.  

Similarly, based on the results of the relationships 
and analyses aforementioned above, the classification of 
NO3

- -SSS in greenhouse should be proposed according to  
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TABLE 6 - General guidelines for plant response to salinity (Adapted from FAO 1988 [42] 

Soil salinity class Conductivity of the saturation extract  
(EC, ds m−1) Effects on crops 

Non saline 0 - 2 Salinity effects negligible 
Slightly saline 2 - 4 Growth of sensitive plants may be restricted 

Moderately saline 4 - 8 Growth of many plants are restricted 
Strongly saline 8 - 16 Only tolerant plants grow satisfactorily 

Very strongly saline > 16 Only a few very tolerant plants grow satisfactorily 
 
 
 

TABLE 7 - The classification standard for the NO3
- - SSS in tomato-based greenhouse in China’s Yangtze River Delta 

Soil secondary Salinity class EC1:5, 25℃ (ds m -1) Effects on tomatoes 
I 2.14 - 2.87 Salinity effects negligible or slightly improved with increased salinity 
II 2.87 - 4.20 Plant growth decreased by 0-15%, yield dropped by10%-30%, 
III 4.20 - 5.57 Plant growth decreased by 15%-30%, yield dropped by 30%-50%, 
IV 5.57 - 6.94 Plant growth decreased by 30%-60%, yield dropped by 50%-70%, 
V > 6.94 Plant growth decreased by > 60%, yield dropped by >70% 

 
 
 

the height and yield parameters. It is then suggested that 
the NO3

- -SSS in this study was classified into five cata-
logues from level I (light salinity) to level V (heavy salin-
ity). When the height and yield are not affected by the 
salinity in soils, the NO3

- -SSS classification is defined as 
level I. When the height and yield reduce by 0-15% 
caused by salinity in soils, the NO3

- -SSS classification is 
defined as level II. When the height and yield reduce by 
15%-30% caused by salinity in soils, the NO3

- -SSS clas-
sification is defined as level III. When the height and 
yield reduce by 30%-60% caused by salinity in soils, the 
NO3

- -SSS classification is defined as level IV. As long as 
the height and yield reduce more than 60% caused by 
salinity in soils, the NO3

- -SSS classification is defined as 
level V. Correspondingly, level I means no secondary 
salinization; level II stands for a slight salinization; level 
III indicates moderate salinization; level IV presents se-
vere salinization, and level V refers to heavy salinization. 

According to the above-mentioned classification 
method in this study, the NO3

- -SSS can be classified 
preliminarily as follows: level I: EC < 2.91 ds m-1, level 
II: 2.91 ds m-1 < EC < 3.95 ds m-1, level III: 3.95 ds m-1 < 
EC < 4.76 ds m-1, level IV: 4.76 ds m-1 < EC < 6.3 ds m-1, 
level V: EC >6.3 ds m-1. 

In our study, the EC-threshold of Y was at 2.14 ds m -1, 
which is lower than the average threshold EC of 3.2 ds m -1 
[38]. Maas and Hoffman (1977) [21] reported, for open 
field tomato grown in soil, an ECt of 2.5 ds m-1 in satu-
rated soil extract, which is equivalent to 3.8 ds m-1 in the 
soil solution using the conversion proposed by Sonneveld 
et al. (1990) [44]. Therefore, the ECt value for tomato 
yield in the present work is similar to that reported by 
Magan et al. (2008) [38]. When Y decreased 10%, 30%, 
50% and 70%, the soil EC were 2.87 ds m-1, 4.20 ds m-1, 
5.57 ds m-1 and 6.94 ds m-1, respectively.  

Taken together, the classification of NO3
- -SSS in to-

mato-based greenhouse in China’s Yangtze River Delta is 

proposed as follows, level I: level I: 2.14 ds m-1 < EC < 
2.87 ds m-1, level II: 2.87 ds m-1 < EC < 4.20 ds m-1, level 
III: 4.20 ds m-1 < EC < 5.57 ds m-1, level IV: 5.57 ds m-1 < 
EC < 6.94 ds m-1, level V: EC > 6.94 ds m-1 (Table 7). 

 
 
5. CONCLUSION 

The significant relationship between NO3
- content 

and soil EC in the surface soils implies that the change in 
soil quality resulted from the difference of nitrate contents 
could be expressed by the soil EC of the NO3

- -SSS. With 
the soil salinity increase, significant relationships were 
observed between EC and tomato growth, yield and qual-
ity. The NO3

- -SSS can be graded as follows: level I: 2.14 
ds m-1 < EC < 2.87 ds m-1, level II: 2.87 ds m-1 < EC < 
4.20 ds m-1, level III: 4.20 ds m-1 < EC < 5.57 ds m-1, level 
IV: 5.57 ds m-1 < EC < 6.94 ds m-1, level V: EC > 6.94 ds 
m-1 This study provided a practical guideline for NO3

--
SSS classification in greenhouse agriculture, thereby 
guiding the alleviation of SSS in greenhouse agriculture. 
It is advisable for farmers to maintain soil EC below the 
moderate SSS. This conclusion has important practical 
implications for the management of tomato-based green-
house in China’s Yangtze River Delta and similar areas, 
where soil tends to NO3

- -SSS.  

The conclusions in this study were based on only 2yr 
of data sets. To minutely classify the NO3

--SSS in tomato-
based greenhouse, further researches should be carried out. 
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