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Reducing nitrogen (N) fertilizer rate have beneficial effect on N uptake by plants. 
Studies on reducing N rate in sweet potato and beetroot to improve their growth and 
yield are well documented but the effect of decreased N rate on N uptake by leafy 
vegetables are limited. A glasshouse experiment was conducted to determine the effect 
of different N rate on N uptake of green spinach. Treatments evaluated were (i) soil 
alone, and (ii) different N fertilizer rate (12, 24, 36, 60, 90 and 120 kg N/ha). 
Treatments were applied at 14 days after seeding (DAS) at a uniform rate of 2 t/ha. 
Results revealed that moderate N input between 12 to 36 kg N/ha improved N uptake 
and yield of spinach compared with lower rate of N input (0 to 12 kg N/ha) but higher N 
level of 90 kg N/ha was most effective in improving N uptake and fresh yield. The 
effectiveness of N input at 90 kg N/ha corresponded to the optimum retention of soil N 
resulting in timely availability of N for uptake by spinach leading to higher yield. 
Although treatment with excess N (120 kg N/ha) improved N uptake, the decline in 
yield was because of soil nutrient imbalance that inhibited other nutrients required by 
plants for growth and development. The findings from the study suggest that reducing 
N fertilizer rate improves N uptake in leafy vegetables without reducing productivity 
depending on their specific N requirement.   
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Introduction 
 
Managing soil fertility particularly nitrogen (N) is 
crucial in both organic and conventional 
agriculture system. Nitrogen exists in the soil in 
many forms. Readily available N and other N 
sources added into the soil are subjected to 
biogeochemical transformations into inorganic 
form called mineralization. Ammonium and nitrate 
are the common forms of inorganic nitrogen for 
plant use. Inorganic N for plant use is an essential 
nutrient required for plant growth and 
development. It is vital due to its role as a 

component of chlorophyll, the compound by 
which plants use sunlight energy to produce sugars 
from water and carbon dioxide through the process 
of photosynthesis. 
 
Added N is subjected to losses mostly through 
leaching and nutrient removal during crop 
harvesting. However, optimal use of N application 
to crops neither resulted in the loss of organic 
matter nor adversely affected microbial activity in 
the soil (Singh, 2018). Nevertheless, improper and 
excessive N fertilization could lead to 
eutrophication particularly nitrate pollution in 
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ground or surface water (Khan et al., 2018) 
besides causing an imbalance of soil C:N ratio 
resulting in low soil carbon content (Junyong et 
al., 2018; Muhammad et al., 2019).  
 
Spinach (Amaranthus spp.) is a type of leafy green 
vegetable commonly cultivated around the globe as 
an important raw material in the food industry. 
Spinach can take up N efficiently besides 
containing phytonutrients such as flavonoid and 

phenolic (Ida et al., 2020; Machado et al., 2018). 
Also, spinach is a popular vegetable that is 
frequently bought and consumed among diverse 
community in Malaysia. Based on statistical 
sources released by the Malaysian Department of 
Agriculture (DOA), the total spinach production 
until 2018 is 75,220 metric tonnes (mt). That 
amount had contributed 46% to the total vegetable 
production in Malaysia in 2018 worth USD 
283,000 (DOA, 2018). Contribution of the 
vegetable industry to the livelihood of farmers and 
the country’s economy suggest a need to determine 
the optimal use of N fertilizer without incurring 
additional production cost but simultaneously 
improving vegetable productivity.     
 
At present, the mechanism by which N input rate 
affect N uptake in leafy vegetables is still poorly 
understood. As reported by Darren et al. (2020) 
and Laila et al. (2019), excessive dose of N 
inhibited root growth and development, thus 
reducing the ability of roots to absorb nutrients 
and water efficiently. These findings were agreed 
by Mohamed et al (2020), their study also showed 
that excessive dose of N (above 500 kg N/ha) lead 
to N losses and had no significant effects on tuber 
yield.  
 
Based on the preceding rationale, the objective of 
this study was to determine the effect of different N 
fertilizer rate on N uptake of green spinach. In this 
study we hypothesized that by giving N at lower 
and higher input will result in different amount of 
plant uptake and yield. This hypothesis is based on 
the assumption that N plays a significant role as 
primary macronutrient for plant growth and 
development. To test this hypothesis, a glasshouse 
experiment was conducted to determine N uptake 
and yield of spinach. Information obtained from 
this study could provide insights on N fertilizer and 
nutrient management for commercial vegetable 

production. 
 
Materials and methods 
 
Experimental site description, planting and 
maintenance 

 
A glasshouse experiment was conducted for two 
cycles at the Serdang research station located 
within the vicinity of the Malaysia Agricultural 
Research and Development Institute (MARDI), 
Selangor, Malaysia. The test crop used was 
rounded leaf green spinach (Amaranthus spp.). In 
this study, the potting media used was of sandy-
clay type soil. Green spinach was planted by direct 
seeding in pots containing 10 kg potting media. 
Spinach seedlings were thinned to ten 
seedlings/pot at seven days after seeding. 
Fertilization, watering and weeding were managed 
using standard agronomic practices.   
 
Experimental design and treatments 
 
The experimental design was randomized complete 
block design with five replications. The treatments 
evaluated are summarized in Table 1. Treatments 
were applied after fourteen days after seeding 
(DAS) with a rate of 13.5 g/pot.  
 
Table 1. Treatments evaluated and their fertilizer 
application rate in a glasshouse experiment to 
determine their effect on N uptake and yield of spinach. 

Treatments Fertilizer application rate (kg N/ha) 
T1 0 (Control) 
T2 12 
T3 24 
T4 36 
T5 60 
T6 90 
T7 120 

 

Soil analysis  
 
Soil samples were taken at depth of 0 to 20 cm 
before planting (0 Day), after treatment 
application (20 DAS) and at harvest (35 DAS) to 
determine soil chemical (N, carbon (C) and pH) 
changes to treatments throughout the growth 
phases of the spinach. Soil samples were air-dried 
and ground to pass a 2 mm sieve. Soil total N and C 
were determined using a CHNOS analyser 
(ELEMENTAR Vario Macro Modules 11.44-5201). 
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For this analysis, 60 mg of air-dried soil samples 
were used. Soil pH was measured based on a ratio 
of 1:2.5 soil to water suspension using a pH meter 
(Mettler Toledo, Delto 320).  
 
Nitrogen uptake and spinach fresh yield 

 
Fresh spinach harvest was carried out at 35 DAS, 
and spinach fresh weight was measured using a 
digital balance (SQW-3, SmartWEIGHT Malaysia) 
and expressed in gram as crop yield. Whole plant 
parts of the harvested spinach were oven dried at 
60ºC, ground and analysed for total N using the 
CHNOS analyser (ELEMENTAR Vario Macro 
Modules 11.44-5201). N uptake was determined by 
multiplying the contents of nitrogen in spinach 
with their dry weight. 
 
Statistical analysis 
 
Analysis of variance (ANOVA) was used to test 
significant theeffect of treatments whereas 
means of treatments were compared using 
Tukey’s HSD test at P  0.05. Statistical Analysis 

System (SAS) Version 9.4 was used for the 
statistical analysis. 
 
Results and discussion  
 
Effect of different N input rate on soil pH 
and total N 
 
Results on the changes in soil chemical 
properties subjected to different N fertilization 
rate throughout the growth phases of spinach is 
presented in Table 2. At 20 DAS, soil pH was 
generally similar irrespective of treatments. 
However, T1 and T4 showed significantly higher 
soil pH compared with T6. Also, both T1 and T4 
showed low decrement in soil pH compared to 
other treatments throughout the growth phases 
of spinach. The small changes in soil pH 
suggested that N fertilizer applied under T1 and 
T4 were fully taken up by spinach for its growth 
and development. This observation is consistent 
with the higher content of N in spinach under T4 
(Table 3). Moreover, the total utilization of N by 
crop prevents N loss through leaching.  

 
 
Table 2. Effects of different N fertilizer rate on soil pH and total nitrogen and soil organic carbon (SOC) after two 
cycles of spinach cultivation.  

Planting stage  Treatment pH Total N (%) SOC (%) 
Before planting (0 DAS) Soil initial 6.51 ± 0.02 0.19 ± 0.01 1.58 ± 0.02 
Middle of cropping (20 DAS) T1 6.47 ± 0.25 a 0.48 ± 0.03 b 5.48 ± 0.24 a 

T2 6.31 ± 0.19 ab 0.53 ± 0.02 ab 6.04 ± 0.34 a 
T3 6.13 ± 0.12 ab 0.82 ± 0.12 a 6.71 ± 0.61 a 
T4 6.36 ± 0.07 a 0.67 ± 0.08 ab 5.34 ± 0.43 a 
T5 6.13 ± 0.21 ab 0.60 ± 0.08 ab 6.60 ± 0.85 a 
T6 5.63 ± 0.15 b 0.65 ± 0.06 ab 5.70 ± 0.35 a 
T7 6.27 ± 0.08 ab 0.54 ± 0.05 ab 5.19 ± 0.19 a 

At harvesting (35 DAS) T1 6.02 ± 0.24 a 0.34 ± 0.02 a 4.18 ± 0.28 a 
T2 6.18 ± 0.19 a 0.37 ± 0.04 a 3.43 ± 0.25 a 
T3 5.42 ± 0.18 a 0.35 ± 0.05 a 4.20 ± 0.61 a 
T4 5.41 ± 0.12 a  0.44 ± 0.02 a 3.70 ± 0.48 a 
T5 5.87 ± 0.25 a 0.32 ± 0.03 a 3.56 ± 0.36 a 
T6 5.68 ± 0.17 a 0.36 ± 0.04 a 4.31 ± 0.44 a 
T7 5.57 ± 0.28 a 0.36 ± 0.05 a 4.14 ± 0.40 a 

Values (mean ± standard error) with the same letter within the same column are not significantly different by 

Tukey’s test at P  0.05. 

 
 
On the contrary, excessive N fertilization leads to 
soil acidification particularly when applied N 
exceeds crop requirement. This observation is 
consistent with the lower soil pH value in T7 (pH 
6.27) at 20 DAS compared to the initial soil pH 

(6.51). Also, excess N could have been converted to 
nitrate through microbial nitrification. In this 
process, hydrogen ions are released when nitrate is 
leached from the soil resulting in higher hydrogen 
concentration in the soil.  
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Generally, all the treatments show similar effects 
on soil total N. However, T3 was superior 
compared to control (T1) suggesting that effective 
rate of N applied is important because it 
significantly affects the amount of total N in soil. 
Moreover, variation in total N concentration 
between treatments could be attributed to N 
uptake by spinach during sampling. Although total 
N increased with N application, treatments (T5 to 
T7) with excessive N (60 to 120 kg N/ha) showed 
minor decrement in total N at 20 DAS. Applying N 
fertilizer exceeding crop requirement (> 100 kg 
N/ha) leads to N leaching from the soil surface and 
plant root zone because excess N is not taken up by 
plants (Dybowski et al., 2020). Furthermore, N is 
easily leached because ammonium and nitrate are 
no longer held by soil particles. This observation 
corroborates that of Jing et al. (2018) who also 
found that soil total N decreased with increased N 
application resulting in minor changes in soil 
organic carbon (SOC) fractions. The minor changes 
in SOC was because of the limited N storage in soil 
where N was close to saturation (Table 2). Also, 
changes in SOC is affected by the type and amount 
of organic manure applied.   
 

Plant total N, N uptake and yield of green 
spinach 
 
Nitrogen concentration and N uptake in spinach at 
harvest are presented in Table 3. Total plant N 
content and N uptake varied with N fertilization rate. 
At harvest (35-DAS), total N concentration in T3 and 
T4 were significantly higher compared with control 
(T1) and T2. Low N fertilizer rate (12 to 36 kg N/ha) 
contributed to increasing total N concentration (T2 
to T4) in spinach but concentrations decreased when 
N fertilizer exceeds 60 kg N/ha (T5 to T7) (Fig. 1). 
Similarly, low levels of N input (24 to 36 kg N/ha) 
and 90 kg N/ha contributed to higher N uptake in 
spinach compared to other treatments including 
control with the exception of T5 and T7. These 
results indicated that the amount of N applied to the 
soil was not all taken up by spinach. Moreover, the 
amount of N applied exceeding 100 kg N/ha is 
considered as over-application resulting in soil N 
accumulation in the form of NO3-N but which is 
easily lost from the soil through leaching and 
denitrification. This finding is in agreement with 
most previous studies (Machado et al., 2020; Peter 

et al., 2019).  

 
Table 3. Effects of different N fertilizer rate on plant total N and N uptake in spinach after two cycles of cultivation.  

Treatment Plant total N (%) N uptake (mg N/ kg DW) 

T1 4.46 ± 0.38 bc 85.20 ± 19.15 b 

T2 4.16 ± 0.40 c 81.34 ± 14.82 b 

T3 5.70 ± 0.14 a 176.86 ± 19.13 a 

T4 5.91 ± 0.33 a 172.80 ± 15.19 a 

T5 5.50 ± 0.19 ab 157.45 ± 17.35 ab 

T6 5.33 ± 0.21 abc 194.44 ± 28.88 a 

T7 5.20 ± 0.17 abc 153.17 ± 22.35 ab 

Values (mean ± standard error) with the same letter within the same column are not significantly different by 

Tukey’s test at P  0.05. 
 
 

With the exception of control (no N fertilization), 
all treatments with N fertilization significantly 
increased fresh weight (FW) of spinach compared 

with control (T1) (Fig. 2). However, T6 contributed 
to higher yield compared with control, T2 and T7. 
The higher FW of T6 could be attributed to the 
readily available N in soil for plant uptake. 
Nevertheless, applied N rate of 24 to 90 kg/N ha 
showed no significant difference in yield (T3 to 
T6). This finding suggested that comparable 
spinach yield could be achieved with low N input 

when crop efficiently used the supplied N. In this 
study, N input exceeding 120 kg N/ha (T7) 
contributed to a decrease in yield. This could be 
attributed to the surplus of N and over-fertilization 
effect that inhibited plant growth and yield 
performance. Moreover, excess N above the 
optimum level required by plants leads to nutrient 
imbalance and saturation of soluble salts in soil 
that suppressed the availability of other nutrients 
required by plants for their growth and 
development.  
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Fig. 1: Effect of different N rate input on mean total N concentration in spinach at 
harvest. Error bars represents standard error of the mean. Means with different letters 

indicate significant difference between treatments by Tukey’s test at P  0.05. 

 
 

 
Fig. 2: Effect of different N rate input on mean spinach yield at harvest. Error bars 
represents standard error of the mean. Means with different letters indicate significant 

difference between treatments by Tukey’s test at P  0.05. 

 
 
Among the treatments, T6 with 90 kg N/ha was 
most effective in improving N uptake and fresh 
yield of spinach. This could be attributed to the 
amount of N rate applied in T6. The N input at 90 
kg N/ha corresponded to the optimum retention of 
soil N resulting in timely availability of N for 
uptake by spinach leading to higher yield.  

Conclusion 
 
The results from the study showed that moderate 
N fertilizer rate (24 to 90 kg N/ha) improved N 
uptake and yield of green spinach. Adequate 
supply of N in the soil solution must be maintained 
to a satisfactory level for crop growth and 
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development. Thus, N availability not only 
depends on the N concentration of the soil solution 
but also on the ability of the soil to maintain N. The 
findings from the study suggest that reducing N 
fertilizer rate in accordance to crop N requirement 
offers an alternative N nutrient management 
strategy that efficiently improved soil N availability 
and uptake in leafy vegetable without reducing 
productivity. Excessive N fertilization instead leads 
to adverse effects including yield reduction and 
pollution such as eutrophication. As for future 
research, rather than high yield production, the 
potential production of the improved nutritional 
quality in plants should be taken into 
consideration, as plants are the ultimate source of 
nutrients for human and livestock.  
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