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ABSTRACT 
This study aimed to determine the optimal inorganic fertilizer rate for safe off-season tomato (Solanum 
lycopersicum L.) production under the agroecological conditions of Van Son commune, Phu Tho 
province - a highland area suitable for temperate vegetable cultivation. A field experiment was 
conducted using the tomato variety Savior under a randomized complete block design (RCBD) with 
three N, P, K treatments CT1 (120-90-120 kg N-P΃OΆ-K΃O haͼ¹), CT2 (150-110-150 kg haͼ¹) and CT3 
(180-135-180 kg haͼ¹), following VietGAP production standards. Results showed that CT3 significantly 
improved plant height, leaf number, fruit number and fruit weight, leading to the highest actual yield 
of 36.8 t haͼ¹ with 15,2% higher than CT1. Fruit vitamin C content and soluble solids (˚Brix) increased 
under CT3, while nitrate accumulation remained within the safe limit (< 150 mg kgͼ¹ fresh weight). 
Soil pH, organic matter, and heavy metal contents remained stable, indicating no adverse 
environmental effects. The study suggests that applying 180-135-180 kg N-P΃OΆ-K΃O haͼ¹ is optimal 
for safe off-season tomato production in the Van Son commune highland. 
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1. INTRODUCTION 
Tomato (Solanum lycopersicum L.) is a fruit 

vegetable of high economic and nutritional 
importance, widely cultivated across diverse 
ecological zones in Vietnam. Statistical data 
indicate that the national tomato cultivation area 
and yield amount to approximately 23 - 25 
thousand hectares annually, with production 
concentrated mainly in the northern delta and 
midland provinces during the winter-spring 
season, when temperatures ranging from 18˚C to 
25˚C are favorable for flowering and fruit setting 
[1]. Nevertheless, due to the short duration of the 

main cropping season, the supply of fresh 
tomatoes declines markedly during the summer 
period, resulting in considerable fluctuations in 
market prices. 

The development of off-season tomato 
production is regarded as an important strategy to 
diversify cropping seasons, stabilize market supply 
and demand, and enhance farmers’ economic 
efficiency. Unlike the main season, off-season 
tomato cultivation occurs under high-temperature 
and high-light-intensity conditions that adversely 
affect plant growth, pest and disease development, 
fruit setting and product quality [2]. However, this 
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production system plays a crucial role in ensuring 
a stable year-round supply of vegetables and 
increasing farmers’ income. Studies conducted in 
countries with topographical and climatic 
conditions similar to those of northern 
mountainous Vietnam have demonstrated that off-
season tomato cultivation is both feasible and 
economically beneficial. Paudel et al. (2021) [3] 
reported that tomatoes can be successfully grown 
during the summer in hilly regions of Nepal at 
elevations between 800 and 1,200 m above sea 
level, where average temperatures range from 
20˚C to 28˚C. These favorable ecological 
conditions support vigorous growth, high fruit 
set, and increased yields, while off-season 
tomatoes fetch market prices two to three times 
higher than those of the main-season crop. The 
authors further recommended the use of heat-
tolerant varieties, net houses, and appropriate 
fertilizer management to enhance production 
efficiency and reduce pest and disease risks. 
These findings provide valuable insights for 
Vietnam, particularly for highland areas such as 
Van Son commune located at an elevation of 600 - 
800 m with a cool year-round climate [4]. Such 
conditions indicate that the Van Son highland 
possesses significant potential for developing safe 
off-season tomato production under VietGAP 
standards, contributing to crop diversification and 
improved livelihoods for local farmers. 

Tomato production under VietGAP standards 
requires strict adherence to regulations on input 
use, fertilizer and pesticide management, 
irrigation water quality and traceability [5]. 
Inorganic N-P-K fertilizers are key factors affecting 
yield, fruit quality and nitrate residue. Excessive 
nitrogen application can delay ripening and 
increase nitrate accumulation, while nutrient 
deficiency reduces productivity [6, 7]. Hence, 
optimizing fertilizer application to enhance 
nutrient use efficiency and minimize nitrate 
residues is essential for sustainable agriculture 
amid climate change [8, 9]. This study, conducted 
in Van Son commune Phu Tho province, aims to 
identify the appropriate N-P΃OΆ-K΃O rate for the 
Savior tomato variety grown off-season under 

VietGAP standards, contributing to safe and 
sustainable tomato production in northern 
Vietnam’s highlands. 

2. MATERIALS AND METHODS  

2.1. Materials 

The tomato (Solanum lycopersicum L.) variety 
‘Savior’ (Syngenta Co., Ltd.) was used in the 
experiment. 

Organic composted cow manure “Thu Hoai 
28” (total nitrogen: 1%, moisture content: 30%, 
organic matter: 22%, C/N ratio: 12, pHH΃O: 5), 
Song Gianh HC-15 biofertilizer, Ha Bac urea 
fertilizer (46.3% N), Lam Thao superphosphate 
(17% P΃OΆ) and Ha Anh potassium chloride (60% 
K΃O) were used. 

2.2. Methods  

2.2.1. Experimental design and treatments 

The experiment was arranged in a randomized 
complete block design (RCBD) with one factor, 
three replications, and three fertilizer treatments 
(T1: 120 kg N + 90 kg P΃OΆ + 120 kg K΃O; T2: 150 
kg N + 110 kg P΃OΆ + 150 kg K΃O; T3: 180 kg N + 
135 kg P΃OΆ + 180 kg K΃O), corresponding to an 
N: P: K ratio of 1: 0.75: 1 [10]. Each experimental 
plot had an area of 50 m², with a total of 9 plots and 
an overall experimental area of 500 m² (including 
buffer zones). The basal dressing consisted of 15 
tons of “Thu Hoai” composted organic cow 
manure and 1,200 kg of Song Gianh HC-15 
biofertilizer per hectare. Tomato beds were 1 m 
wide and 25-day-old seedlings were transplanted at 
a spacing of 60 cm between rows and 50 cm 
between plants. Crop management practices 
followed the Technical Guidelines for Safe 
Vegetable Production issued by the Hanoi 
Department of Agriculture and Rural Development 
under Decision No. 577/QW/SNN-TT dated May 
10, 2010 [11]. 

The experiment was conducted during the 
summer cropping season, from April 14, 2023, to 
August 2023, at the production site of the Van Son 
Safe and Organic Vegetable Production 
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Cooperative Group, Chieng hamlet, Van Son 
commune, Phu Tho province, which is certified 
under VietGAP standards (20˚33'54.6"N, 
105˚10'26.0"E). 

2.2.2. Measurements and calculations 
Growth and development parameters were 

measured on 10 plants per replication and 
included: Growth duration (days), plant height 
(cm), number of leaves per plant, number of 
flowers in the first five clusters, number of fruits in 
the first five clusters and fruit set rate (%). 

Yield components, yield and quality 
parameters were measured on five plants per 
replication and included: Total number of fruits 
plant-1, average fruit weight (g), individual yield (g 
plant-1), actual yield (tons hectare-1). Parameters 
in tomato friuts (each replication analyzed 3 
tomato fruits) including: Firmness (kgf) (using 
Fruit Hardness Tester FHT-1122), Brix content (%) 
(measured using a Milwaukee 882), NO3- content 
(10 TCN 457-2001) [12], vitamin C content (TCVN 
6427-2:1998) [13], fiber (TCVN 5714:2007) [14], 
total sugar (TCVN 4594 -88) [15] and heavy metal 
concentrations of Pb (TCVN 7766:2007) [16] and 
Cd (TCVN 7768-1:2007) [17]. 

Water quality parameters included dissolved 
oxygen (DO) and total dissolved solids (TDS), 
measured using a HANNA HI 86302 TDS meter, 
pHKCl, chloride (TCVN 6194:1996) [18], heavy 
metals such as As, Cd, Cr, Hg, Cu, Pb, and Zn 
(TCVN 6193:1996) [19], and microbiological 

indicators including E. coli and coliforms (TCVN 
6187-2:1996) [20]. Prior to the experiment, a 
composite soil sample was collected for baseline 
analysis, and after the experiment, one soil sample 
was taken from each replication. In each plot, three 
subsamples were collected from the 0 - 30 cm 
cultivation layer and combined to form a composite 
sample following TCVN 5738-2:2005 and ISO 10381-
2:2005 standards [21]. Soil analyses included 
pHKCl (TCVN 5979:2007) [22], cation exchange 
capacity (CEC) (TCVN 8568:2010) [23], total 
organic matter (TCVN 9294:2012) [24], total 
nitrogen (Nts) (TCVN 6498:1999) [25], total 
phosphorus (P΃OΆts) (TCVN 8940:2011) [26], total 
potassium (K΃Ots) (TCVN 8660:2011) [27] and 
heavy metals Cd and Pb (TCVN 6496:2009) [28]. 

Temperature and humidity data at the 
experimental site were recorded using an 
ElitechLog V6.4.3 automatic thermo-hygrometer. 

2.2.3. Data analysis 

Experimental data were processed using the 
method Analyze variance on statistical software 
Minitab 16 and compared average values using 
criteria Tukey standard at 95% confidence level. 

3. RESULTS AND DISCUSSION 

3.1. Weather conditions and results of water 
and soil parameters before and after the 
experiment 

Table 1. Temperature and humidity conditions in Van Son commune,  
(now Van Son commune, Phu Tho province) in 2023 

Month 
Maximum 

temperature 
(˚C) 

Minimum 
temperature 

(˚C) 

Average 
temperature 

(˚C) 

Maximum 
humidity (%) 

Minimum 
humidity (%) 

Average 
humidity 

(%) 

4 32.6 16.1 23.8 96.1 61.1 84.5 

5 40.7 18.5 26.1 98.8 35.6 78.9 

6 40.1 19.8 26.2 100.0 46.2 84.3 

7 35.3 19.9 26.3 98.7 49.2 82.4 

8 34.2 20.5 25.0 95.4 60.5 86.2 
The average temperature during the summer 

cropping months (April-August) for off-season 
tomato cultivation ranged from 23.8˚C to 26.3˚C, 

while the average humidity fluctuated between 
78.9% and 86.2% (Table 1). These results indicate 
that Van Son commune has favorable climatic 
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conditions for the production of off-season 
temperate vegetables, in which the average 

temperature is suitable for the growth and 
development of tomato plants [2]. 

Table 2. Results of water sample analysis before the experiment 
Parameter Unit Analytical result Permissible limit 

pH  7.36 6 - 8.5 
DO % 61.00 - 
Total dissolved solids mg/l 151.00 - 
Chloride (Cl) mg/l 22.90 ≤ 350 
Chromium (Cr) mg/l 0.01 ≤ 0.04 
Mercury (Hg) mg/l KPH ≤ 0.001 
Lead (Pb) mg/l KPH ≤ 0.005 
Cadmium (Cd) mg/l KPH ≤ 0.01 
Copper (Cu) mg/l 0.32 ≤ 0.5 
Zinc (Zn) mg/l 0.39 ≤ 1.5 
Arsenic (As) mg/l KPH ≤ 0.05 
Coliform density CFU/100 ml 7000 ± 250 ≤ 7500 
E. coli density CFU/100 ml 92 ± 50 ≤ 100 

Note: Permissible limits are compared according to QCVN 08-MT:2015/BTNMT [29]. 
Water used in the off-season safe vegetable 

cultivation experiment was suitable for safe 
vegetable production under the VietGAP standard 
(Table 2). The water samples collected from the 

experimental site met the safety requirements of 
VietGAP production. Parameters such as pH, DO, 
total dissolved solids, chloride, coliform density and 
E. coli levels were all within the permissible limits. 

Table 3. Soil quality parameters for safe tomato cultivation before and after the experiment 
1 pHKcl - 6.50 6.30 6.60 6.40 

2 
Cation exchange capacity 

(CEC) cmol kg-1 
21.50 19.90 (-) 20.1 (-) 20.8 (-) 

3 Organic matter % 2.12 2.13 (+) 1.98 (-) 1.96 (-) 
4 Total nitrogen (N) % 0.22 0.22 0.21 (-) 0.19 (-) 
5 Total phosphorus (P΃OΆ) % 0.08 0.08 0.05 (-) 0.07 (-) 
6 Total potassium (K΃O) % 1.10 1.10 1.2 (+) 1.2 (+) 
7 Total lead (Pb) mg kg-1 1.90 2.10 (+) 2.2 (+) 2.2 (+) 
8 Total cadmium (Cd) mg kg-1 0.01 0.02 (+) 0.02 (+) 0.01 
9 Electrical conductivity (EC) mS cm-1 0.21 0.18 (-) 0.22 (+) 0.22 (+) 

Note: Pb and Cd indicators were compared according to the National Technical Regulation on 
allowable limits of heavy metals in agricultural soils [30]; (—) indicates a decrease compared to pre-
experiment values; (+) indicates an increase compared to pre-experiment values; CT1: 120 kg N + 90 kg 
P΃OΆ + 120 kg K΃O; CT2: 150 kg N + 110 kg P΃OΆ + 150 kg K΃O; CT3: 180 kg N + 135 kg P΃OΆ + 180 kg 
K΃O. 

The soil pH in the experimental treatments 
ranged from 6.3 to 6.6, which is within the optimal 
range for tomato growth and development. The 
cation exchange capacity (CEC) values after the 
experiment decreased in all treatments compared 
to the initial values, likely due to nutrient uptake by 

tomato plants and the rapid decomposition of 
organic matter, leading to reduced soil organic 
content. The organic matter content increased in 
treatment 1 but decreased in treatments 2 and 3 
compared to before the experiment, which is 
consistent with the observed reduction in CEC. The 
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concentrations of Pb and Cd in the soil after the 
experiment remained within safe limits (Table 3). 

3.2. Effects of inorganic fertilizer treatments 
on the growth and development parameters of off-
season safe tomato production 

Table 4. Effects of inorganic fertilizer treatments on the growth duration  
of off-season safe tomato cultivation 

Days from transplanting to… (days) 
Treatment 

Flowering Fruit setting Fruit ripening End of harvest 

CT1 33 36 75 103 

CT2 33 37 76 108 

CT3 33 38 78 111 

Mean 33 37 76 107 

Note: CT1: 120 kg N + 90 kg P΃OΆ + 120 kg K΃O; CT2: 150 kg N + 110 kg P΃OΆ + 150 kg K΃O; CT3: 
180 kg N + 135 kg P΃OΆ + 180 kg K΃O. 

The period from transplanting to flowering of 
tomato plants was 33 days across all fertilizer 
treatments. The time from transplanting to the 
onset of ripening ranged from 75 to 78 days after 
transplanting (DAT), with the highest fertilizer 

rate (CT3) slightly prolonging the ripening period. 
The total growth duration varied from 103 to 111 
DAT, being longest in CT3 and shortest in CT1; 
however, the difference among treatments was not 
significant (Table 4). 

Table 5. Effect of inorganic fertilizer treatments on plant height of off-season safe tomatoes 

Plant height (cm) 
Treatment 

17DAT 24 DAT 31 DAT 38 DAT 45 DAT 52 DAT 

CT1 11.9c 21.4a 38.2b 50.3b 66.7b 86.9b 

CT2 13.3b 23.9a 42.1a 57.7a 77.0a 94.2a 

CT3 14.7a 24.7a 44.2a 59.4a 78.5a 97.3a 

Note: Means followed by different letters in the same column are significantly different at p < 0.05. 
CT1: 120 kg N + 90 kg P΃OΆ + 120 kg K΃O; CT2: 150 kg N + 110 kg P΃OΆ + 150 kg K΃O; CT3: 180 kg N + 
135 kg P΃OΆ + 180 kg K΃O. DAT: Days after transplanting.  

Plant height tended to increase from 17 to 52 
days after transplanting (DAT) across all inorganic 
fertilizer treatments. At all monitoring stages, plant 
height increased with the fertilizer rate, with CT3 
consistently producing the tallest plants. At 17 
DAT, plant height ranged from 11.9 to 14.7 cm, 
with the highest in CT3 and the lowest in CT1. At 
24 DAT, plant height ranged from 21.4 cm to 24.7 
cm, with no significant differences among 
treatments. At 31 DAT, height ranged from 38.2 
cm to 44.2 cm, highest in CT3, which was not 
significantly different from CT2 but significantly 

taller than CT1. At 38 DAT, plant height ranged 
from 50.3 cm to 59.4 cm, with CT3 significantly 
taller than CT1. At 45 DAT, height ranged from 
66.7 cm to 78.5 cm, highest in CT3, not 
significantly different from CT2, and lowest in 
CT1. At 52 DAT, plant height ranged from 86.9 cm 
to 97.3 cm, highest in CT3, not significantly 
different from CT2, and lowest in CT1. In 
summary, increasing the fertilizer rate to CT3 
enhanced plant height, although the difference 
was not significant compared to the medium rate 
CT2 (Table 5). 
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Table 6. Effects of inorganic fertilizer treatments on leaf development dynamics  
of off-season safe tomato plants 

Unit: Leaves plant-1 

Treatment 17DAT 24 DAT 31 DAT 38 DAT 45 DAT 52 DAT 

CT1 5.2b 7.3b 9.3c 12.2c 14.6b 17.1b 

CT2 6.2a 8.3a 10.2b 12.8b 15.6a 18.3a 

CT3 6.6a 8.9b 10.8b 13.6a 16.2a 19.0a 

Note: Means followed by different letters in the same column are significantly different at p < 0.05. 
CT1: 120 kg N + 90 kg P΃OΆ + 120 kg K΃O; CT2: 150 kg N + 110 kg P΃OΆ + 150 kg K΃O; CT3: 180 kg N + 
135 kg P΃OΆ + 180 kg K΃O. DAT: Days after transplanting. 

At 17 days after transplanting (DAT), the 
number of leaves ranged from 5.2 to 6.6 per plant 
across all treatments. The differences among 
treatments were not statistically significant at the 
95% confidence level. Between 17 and 31 DAT, the 
leaf emergence rate was the highest, as the plants, 
having established roots and recovered vigor, 
entered the vegetative stage, rapidly developing 
leaves. However, significant differences in leaf 
number were observed among the fertilizer 
treatments at this stage. Treatment CT3 produced 
the highest number of leaves, though the 
difference compared to CT2 was not significant. 

From 31 to 45 DAT, leaf emergence slowed to 
approximately 1.5 - 3 leaves per week, coinciding 
with the flowering and fruit-setting stage. At 45 
DAT, leaf numbers in CT2 and CT3 were not 
significantly different from each other but were 
significantly higher than CT1, with CT3 reaching 
16.2 leaves per plant. At 52 DAT, CT3 still had the 
highest leaf number, not significantly different 
from CT2, while CT1 had the lowest (Table 6). 

These results indicate that the highest 
fertilizer rate, CT3 (180 N : 135 P΃OΆ : 180 K΃O kg 
ha-1), enhanced plant height, leaf number, and 
growth rate compared to CT1 and CT2 (Tables 5 
and 6). This finding is consistent with previous 
studies [1], which reported that increasing 
inorganic fertilizer within an appropriate range 
promotes vegetative growth and biomass 
accumulation in high-yielding tomato cultivars. 
The mechanism is attributed to balanced N and K 

supply, which stimulates meristem differentiation 
and carbohydrate accumulation. Other studies 
have shown that adequate N promotes initial plant 
height and growth, but excessive N may favor 
vegetative growth at the expense of flowering, 
highlighting the need for optimal dosage [6]. 

Table 7. Effects of inorganic fertilizer treatments on 
fruit parameters of off-season safe tomato plants 

Treatment 

Number of 
flowers in the 

first five 
clusters 

Number of 
fruits in the 

first five 
clusters 

Fruit 
set rate 

(%) 

CT1 25.5a 19.7a 77.25a 

CT2 25.5a 20.4a 80.00a 

CT3 28.0a 22.3a 79.64a 

Note: Means followed by the same letter in a 
column are not significantly different at p < 0.05. 
CT1: 120 kg N + 90 kg P΃OΆ + 120 kg K΃O; CT2: 
150 kg N + 110 kg P΃OΆ + 150 kg K΃O; CT3: 180 
kg N + 135 kg P΃OΆ + 180 kg K΃O. 

The total number of flowers on the first five 
clusters ranged from 25.5 to 28.0 across treatments, 
indicating that fertilizer rate did not significantly 
affect flower number on these clusters. Similarly, the 
number of fruits on the first five clusters showed no 
significant differences among treatments, ranging 
from 19.7 fruits to 22.3 fruits. The fruit set rate, 
calculated as the number of fruits divided by the 
number of flowers on the same five clusters, also did 
not differ significantly among treatments, varying 
from 77.25% to 80.00% (Table 7). 
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3.3. Effects of inorganic fertilizer treatments 
on yield components, yield, and quality of off-
season safe tomato plants 

The highest total number of fruits per plant 
was recorded in CT3 (33.6 fruits), which was not 
significantly different from CT2, but was 
significantly higher than CT1. The highest average 
fruit weight was observed in CT2 (130.7 g), not 

significantly different from the higher fertilizer 
rate in CT3, but significantly higher than CT1. 
Individual yield was highest in CT3, though not 
significantly different from CT2, while CT1 had the 
lowest yield, significantly lower than the other two 
treatments. Similarly, actual yield was highest in 
CT3, not significantly different from CT2, and 
lowest in CT1 (Table 8). 

Table 8. Effects of inorganic fertilizer treatments on yield components  
and yield of off-season safe tomato plants 

Treatment Total fruits plant-1 
Average fruit weight 

(g) 
Individual yield  

(g plant-1) 

Actual yield  

(tons hectare-1) 

CT1 29.1b 82.5b 2475.4b 31.2b 

CT2 33.3a 130.7a 4219.3a 34.5ab 

CT3 33.6a 130.2a 4376.9a 36.8a 

Note: Means followed by different letters in the same column are significantly different at p < 0.05. 
CT1: 120 kg N + 90 kg P΃OΆ + 120 kg K΃O; CT2: 150 kg N + 110 kg P΃OΆ + 150 kg K΃O; CT3: 180 kg N + 
135 kg P΃OΆ + 180 kg K΃O. 

Previous studies optimizing N application [6, 
8] have shown that excessive residual N does not 
always increase yield and may reduce fruit quality; 
optimal rates can vary depending on soil, cultivar, 
and season. The increase in fruit number per plant 
and average fruit weight in CT3 reflects sufficient 
N supply during flowering, fruit set, and fruit 
development, while appropriate K application 
supports fruit size and sugar accumulation. 

Therefore, a fertilization strategy that balances 
nutrients for growth and development while 
minimizing N losses due to leaching during heavy 
rainfall in highland areas is essential [7]. At the 
experimental site, CT3 (180-135-180 kg/ha) was 
found suitable for achieving high yield, although it 
did not differ significantly from CT2 (150-110-150 
kg/ha) (Table 8). 

Table 9. Effects of inorganic fertilizer treatments on biochemical quality parameters  
of off-season safe tomato fruits 

Treatment 
Fruit 

firmness 
(kgf) 

Brix (%) Total solids 
content (%) 

Total sugar 
(%) 

Fiber 
content 

(%) 

Vitamin C  

(mg 100g-1) 

CT1 4.8a 4.2a 1.2a 2.9a 1.2a 12.8b 

CT2 4.1a 4.1b 1.1b 2.8a 1.2a 11.8c 

CT3 3.6a 4.0b 1.2a 2.8a 1.1b 13.2a 

Note: Means followed by different letters in a column are significantly different at p < 0.05. CT1: 120 
kg N + 90 kg P΃OΆ + 120 kg K΃O; CT2: 150 kg N + 110 kg P΃OΆ + 150 kg K΃O; CT3: 180 kg N + 135 kg 
P΃OΆ + 180 kg K΃O. 

Tomato firmness ranged from 4.0 kgf to 4.8 
kgf and fertilizer rate did not significantly affect 
fruit firmness. Fruit Brix varied from 4.0 to 4.8, 
with significant differences among treatments; 

CT1 had the highest Brix, significantly higher 
than CT2 and CT3. Total solids content was 
significantly higher in CT1 and CT3 compared to 
CT2 (Table 9). Fertilizer treatments did not 
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significantly influence total sugar content, which 
ranged from 2.8% to 2.9%. Fiber content varied 
from 1.1% to 1.2%, with the lowest value observed 
in CT3. Vitamin C content was highest in CT3, 
significantly different from the other treatments. 

Previous studies have shown that organic 
amendments or proper N management generally 
improve quality parameters such as total sugar, 
vitamin C, and lycopene in tomato fruits, though 
the extent of improvement depends on the source 
and timing of fertilizer application [31]. Ronga et 
al. (2020) [6] also reported that appropriate N 
rates optimize both yield and biochemical 

compound accumulation, whereas excessive N 
may dilute organic compounds in the fruit. 

Residual nitrate content in tomato fruits 
ranged from 100.7 mg/kg to 110.3 mg/kg, which 
is within the safe limit recommended by the 
Ministry of Health (maximum limit for tomatoes: 
150 mg/kg). Differences in NO΄ͼ content among 
the fertilizer treatments were not statistically 
significant. The levels of Pb and Cd, two heavy 
metals that must be controlled in safe cultivation 
under VietGAP standards, were also within safe 
limits (Table 10). 

Table 10. Effects of inorganic fertilizer treatments on food safety quality parameters  
of off-season tomato fruits 

Treatment NO΄ͼ content (mg kg-1) Pb content (mg kg-1) Cd content (mg kg-1) 

CT1 100.7a 0.0422c 0.0122c 

CT2 102.7a 0.0560b 0.0225a 

CT3 110.3a 0.0647a 0.0175b 

Note: Means followed by different letters in the same column are significantly different at p < 0.05; 
CT1: 120 kg N + 90 kg P΃OΆ + 120 kg K΃O; CT2: 150 kg N + 110 kg P΃OΆ + 150 kg K΃O; CT3: 180 kg N + 
135 kg P΃OΆ + 180 kg K΃O; Pb and Cd indicators were compared according to the National Technical 
Regulation on maximum levels of heavy metals contamination in food [32]. 

Although nitrate content slightly increased 
with higher N rates, all values remained within the 
permissible limits. This finding is consistent with 
previous studies indicating that proper 
management of fertilizer rates and timing is key to 
minimizing nitrate residues in produce [7]. 

4. CONCLUSION 

Increasing the inorganic fertilizer rate resulted 
in the highest growth, development, and 
physiological parameters at 180 kg N + 135 kg 
P΃OΆ + 180 kg K΃O (CT3), with significant 
differences compared to the other treatments. The 
inorganic fertilizer rate 180 kg N + 135 kg P΃OΆ + 
180 kg K΃O also achieved the highest actual yield, 
although the difference was not significant 
compared to the lower rate in 150 kg N + 110 kg 
P΃OΆ + 150 kg K΃O (CT2). Regarding quality 
parameters, 180 kg N + 135 kg P΃OΆ + 180 kg K΃O 
produced the highest Brix and total solids content, 
while nitrate, Pb, and Cd levels remained within 
the safe limits according to regulations. Notably, 

vitamin C content was highest in CT3, with 
significant differences from the other treatments. 
Therefore, the fertilizer regime of CT3: 180 kg N + 
135 kg P΃OΆ + 180 kg K΃O is recommended for 
off-season cultivation of the Savior tomato variety 
under safe production standards in Van Son 
commune, Tan Lac district, Hoa Binh province 
(now Van Son commune, Phu Tho province). 
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