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ABSTRACT 
 

Nitrogen (N) is an essential macro nutrient for plant growth and development. Plants absorb 
nitrogen in either ammonium (NH4

+) or nitrate (NO3
-) forms, which influence plant growth and 

absorption of nutrients in higher plants. The aim of the study was to determine the influence of 
different N forms on growth and tissue content accumulation of mineral elements; calcium, zinc and 
iron in vegetable amaranth. The study was conducted in Agriculture Science and Technology 
Departmental farm of Kenyatta University between March and May, 2015. Three N forms used 
were; sole ammonium (NH4

+) stabilized with Piadin® as nitrification inhibitor, sole nitrate (NO3
-), 
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ammonium nitrate (NH4NO3) (also stabilized with Piadin®) and control as subplots on two amaranth 
varieties were AB6 and AB7 as main plots in randomized complete block design (RCBD) replicated 
three times in a split plot arrangement. Results indicated that ammonium treatment led to 
acidification of the rhizosphere compared to nitrate treatment, while nitrate nutrition led to a rise in 
rhizosphere pH. Nitrogen forms significantly (P=0.05) affected shoot and root dry weights and leaf 
area. Nitrate-treated plants accumulated shoot dry weight 3.7 fold in case of AB6 variety and 2.5 
fold for AB7 variety as compared to control, while that of sole ammonium treatment was twofold for 
AB6 and 1.3 fold for AB7. Root dry weight reduced by 52% in AB6 and 46.7% in AB7 variety under 
ammonium treatment compared to nitrate treatment. Compared to the control, plants treated with 
nitrate-N form had leaf area four times higher while those treated with ammonium form were twice 
superior in both AB6 and AB7 varieties. Amaranths treated with sole nitrate markedly increased 
plant tissue (calcium, zinc and iron) concentrations compared to ammonium treated plants. 
Ammonium/nitrate mixture enhanced plant growth and mineral element concentration compared to 
sole ammonium treatment. It was therefore concluded that ammonium-induced pH acidification 
restricted plant biomass accumulation as well as calcium and zinc concentration compared with 
nitrate treatment which exhibited better growth in vegetable amaranth irrespective of variety. 
 

 
Keywords: Nitrogen forms; ammonium; nitrate; rhizosphere; amaranth. 
 
1. INTRODUCTION 
 
Nitrogen (N) is one of the most important nutri-
ents affecting the growth and development of 
plants [1]. Unlike other essential nutrient 
elements; plants take it in either as cation form; 
ammonium (NH4

+), or anion form; nitrate (NO3
-) 

[2]. However plant’s response to a specific form 
of nitrogen varies from species to species [3]. In 
addition to the amount supplied, the form of the 
available nitrogen has a significant effect on the 
growth [4], yield and quality [5,6] of plants.  
Although ammonium should be the preferred N 
source, since its assimilation consumes less 
energy than that of nitrate [7], only a few species 
actually perform well when ammonium is 
provided as the only N source [3]. When 
ammonium is used as the only nitrogen source, 
most plant species show reduced growth, smaller 
leaves and a stunted root system compared to 
nitrate source [8,9], as reported in the case of 
tomatoes and spinach leaves. Restricted growth 
under sole NH4

+ nutrition has been partly 
associated with acidification of the growth 
medium, resulting in NH4

+-toxicity, antagonism in 
cation uptake, and/or alterations in osmotic 
balance [10,11].  
 
The pH of the rooting medium is of paramount 
importance for plant growth as a large number of 
processes such as nutrient availability and 
availability of toxic ion species is closely related 
to this parameter [12]. Ammonium supply to 
plants leads to rhizosphere acidification while 
nitrate nutrition alkalinizes the rhizosphere [6,13], 
and risk of ammonium toxicity at low pH is 
attributed to NH4

+ accumulation in plants 

photosynthetic tissues [14]. At the same time, 
ammonium N forms result in cations non-specific 
competition [7], that the uptake of NH4

+ itself is 
higher than other cations and anions [14]. For 
instance, Borgognone et al. [8] observed that 
Ca2+ concentration significantly reduced under 
ammonium treatment compared to nitrate form. 
Chemical changes in the plant induced by NH4

+N 
nutrition are; total tissue inhibition of essential 
cations such as potassium, calcium and 
magnesium and this decline in cations, other 
than NH4

+, is accompanied by suppressed plant 
growth [15].  Ammonium nitrate mixture has been 
observed to not only stimulate plant growth but 
also up- regulates the uptake and concentration 
of essential mineral cations compared to sole 
ammonium in tomatoes and chive seedlings 
[3,5]. Rahayu et al. [16] and Walch-Liu et al. [17] 
reported that the possible reason for this 
observation was that very low concentrations of 
nitrate in nitrate/ammonium mixture to some 
extent  alleviates toxicity associated with sole 
ammonium nutrition. 
 
Vegetable amaranth (Amaranthus species) is 
one of the most preferred African leafy 
vegetables in the tropics [18,19]. It is an excellent 
source of numerous vitamins, proteins and 
mineral elements such as; iron, calcium and zinc 
[20,21]. Their nutritional properties have been 
reported to be of health protecting benefits [22] 
and nutritive value [23]. Nonetheless, their 
nutritive value may be compromised to some 
extent by a number of agronomical management 
practices. For instance the use of different 
nitrogen forms which greatly influences plant 
quality in terms of mineral element acquisition 



 
 
 
 

Rozy et al.; JAERI, 11(1): 1-10, 2017; Article no.JAERI.30907 
 
 

 
3 
 

and accumulation [5] associated with rhizosphere 
pH shifts [24]. Ammonium induced disorders in 
pH regulation [17] coupled with deficiency of 
mineral cations (e.g. calcium) could be one the 
causes of hidden hunger within the society 
especially in women and children who are most 
vulnerable [25] which contributes to the 
increasing rates of illness and death from 
infectious diseases and disability [26]. Therefore 
the main objective of the study was to investigate 
the influence of nitrogen forms on growth, 
mineral elements accumulation in leafy amaranth 
for optimal derivation of both morphological and 
biochemical benefits from these vegetables.  
 

2. MATERIALS AND METHODS  
  
2.1 Experimental Design and Treatments 
 
The experiments were laid out in a split plot 
arrangement on a Randomized Complete Block 
Design (RBCD) replicated three times. The main 
plot comprised of two vegetable amaranth 
varieties i.e. Abukutsa 6 (AB6) and Abukutsa 7 
(AB7) while three N-forms (NO3

-
, NH4

+and 
NH4NO3) and control (no N added) constituted 
the sub-plots. Sole NH4

+ and NH4NO3 were 
stabilized with Piadin® as the nitrification inhibitor 
composed of a mixture of dicyandiamide and 3, 4 
methylpyrazole phosphate.  
 

2.2 Agronomical Practices 
 

Amaranth seeds were obtained from Jomo 
Kenyatta University of Agriculture and 
Technology (JKUAT).  The seeds were directly 
sowed at a spacing of 10 cm by 30 cm separated 
by 1 m path in Agriculture Science and 
Technology (AST) farm Kenyatta University.  
About 3 g of Triple superphosphate (TSP) was 
used as basal fertilizer.  
 

2.3 Harvesting, Data Collection, and 
Preparation of Plant Samples 

 

Harvesting of the plant samples was done by 
uprooting the whole plant where stratified 
sampling was used four weeks after treatment. 
The shoots and roots were separated and oven 
dried at 60-65°C for 72 hours until the weight 
was constant and dry weight recorded. To obtain 
the leaf area transparent graph paper was used 
by summing up of the number of squares of all 
the leaves above 1 cm long. The dried plant 
samples were ground using a grinder-MIKA® to 
fine powder (0.2 mm) which was kept in zip lock 
polythene bags, appropriately labeled and stored 
awaiting mineral elements analysis.  

2.4 Mineral Elements Analysis  
 
Determination of mineral elements was by        
wet digestion and atomic absorption 
spectrophotometer (AAS), according to AOAC 
[27]. The minerals that were determined were 
calcium, zinc and iron.  About 1 g of sample was 
placed in a 50 ml beaker; 10 ml of nitric acid was 
added. The beakers were placed on a hot plate 
in a fume hood for about 10-20 minutes. Distilled 
water was added, and then filtered using 
whatman filter paper No. 1. The filtrate was then 
transferred to a 250 ml volumetric flask and filled 
to the mark. The filtrate was kept in plastic 
bottles and appropriately labeled. The 
absorbance of the extracts was read by Atomic 
Absorption Spectrophotometer (AAS); Model A 
A-6200, Shimadzu, Corp., Kyoto, Japan. The 
various mineral standards were prepared to 
make the calibration curve. 
 

2.5 Data Analysis 
 
Data was subjected to analysis of variance 
(ANOVA) at 95% confidence level using SAS- 
computer software (SAS 2015; Version 9.0). 
Where there were significant differences, further 
mean separation was obtained by LSD.   
 

3. RESULTS AND DISCUSSION 
 
3.1 Effects of Nitrogen Forms on 

Rhizosphere pH 
 
There was a significant (P=0.05) influence of 
nitrogen forms on the rhizosphere pH. Results 
indicated that sole ammonium treatment acidified 
the rhizosphere soil compared to nitrate 
treatment, which led to substantial alkanization of 
rhizosphere.  Ammonium treatment led to 
reduction in rhizosphere pH value compared to 
nitrate treatment (Fig. 1). Such findings have 
been reported by other workers in maize [6], 
tomatoes [12] and strawberry [28] who observed 
that maximum soil pH was recorded in the pots 
where NO3

- was supplied as only N source while 
drop in soil pH was evident under NH4

+ 
treatment. Najafi and Parsazadeh, [13] and Ogut, 
[29] reported that rhizosphere acidification under 
ammonium source is due to excess uptake of 
cations over anions, while alkalization occurs 
when anion uptake exceeds cation uptake. The 
finding also revealed that pH values under the 
mixed form (ammonium nitrate) was between 
sole nitrate and ammonium which is in 
agreement with the findings of [30] who observed 
pH decrease at first was due to preferential 
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uptake and depletion of NH4
+, followed by pH 

increase. This maybe raises the question of 
stability of Piadin® under tropical conditions. The 
forms of nitrogen and its assimilation inside the 
plant cells are of great significance in the buildup 
of intracellular H+ and OH–, thus determining the 
pH shift of the external media [31]. Assimilation 
of NH4

+ leads to decrease in cytoplasm pH which 
has to be stabilized by increased by H+ efflux or 
decarboxylation of organic acid [7] - hence pH 
decrease. Maintenance of pH under high 
ammonium source is cost-incurring in terms of 
photosynthates such as sugars and water 
consumption [32]) hence poor root and shoot 
growth at low external pH. 
 

3.2 Effects of Nitrogen Forms on Biomass 
Accumulation -Leaf Area, Shoot and 
Root Dry Weight 

 
Nitrogen forms notably affected shoot and root 
dry mass accumulation. Ammonium as sole 
nitrogen source restricted shoots and root dry 
weights in both varieties compared to nitrate 
(Table 1). Compared to the control, provision of 
nitrate as sole source of nitrogen led to 3.7 fold 
increase in shoot dry weight in AB6 and 2.5 fold 
in AB7 while in the form of ammonium led to 2.1 
fold increase in AB6 and 1.3 fold in AB7 as 
compared to control. Ammonium/nitrate mixture 
elicited the tendency to the highest shoot dry 
biomass accumulation (though not statically 
confirmed) (Table 1). Under sole nitrate 
treatments variety AB7 had enhanced shoot dry 
weight (20.5 g/m2) than AB6 (18.0g/m2), however 
greatest effect of this nitrogen form was 
observed in AB6 variety. Ammonium treatment 
led to 52% in AB6 and 46.7% in AB7 reduction in 
root dry weight in relation to nitrate treatment. 
This finding is similar to the previous results 
obtained by Borgognone et al. [8]  and Zhang    
et al. [33] who observed that plants fed with NH4

+ 
as sole N source resulted in decreased shoot 
and root dry weight as compared to those under 
NO3

- N nutrition. Plants supplied with sole 
ammonium had significantly (p=0.05) smaller 
leaves unlike the plants supplied with nitrate-N 
form. Nitrate-treated plants showed enhanced 
leaf area, which was 1.6 fold higher than that of 
ammonium treated plants (Table 1). It was not 
surprising that amaranth plants provided with 
ammonium nitrate mixture led to leaf area 
statically similar to that of sole nitrate, even 
higher at some point, especially in AB7 variety. 
This is in concurrence with results of Zhang et al. 
[33] in maize and Gweyi- Onyango et al. [22] in 
tomatoes. Possible reasons for suppression of 

growth by ammonium nutrition could be due to a 
number of reasons: First, NH4

+ N toxicity which 
develops when endogenous accumulation of free 
NH4

+in the plant vacuoles exceeds the NH4
+ -N 

assimilating capacity [14]. Second; sole NH4
+ 

nutrition has been implicated with restricted 
cytokinins production [17], a hormone involved in 
the regulation of cell division and extensivity [34]. 
Rahayu et al. [16] observed that suppression in 
leaf growth rate was preceded by decline in 
cytokinins (Zeatin and Zeatin Riboside) 
concentrations in the xylem exudate and in 
young growing leaves. Third; availability of toxic 
ion species such as monomeric aluminium (Al3+) 
due to increased Al3

+solubilization in response to 
NH4

+-induced rhizosphere acidification [12]. 
Fourth; nutritional disorders as a result of 
antagonism in cation uptake of NH4

+ and H+ at 
the cation uptake sites and/ or alterations and 
impairment in osmotic balance under ammonium 
application [11]. 
 
Conflicting results, however, were observed by 
Ruan et al. [35] and Gao et al. [36], who 
observed enhanced plant growth with NH4

+ -N 
compared to other forms in Camellia sinensis 
and Oryza species; after which they concluded 
better adaptation of these plants to NH4

+ - N 
regardless of the root-zone pH, while the latter is 
tolerant to NH4

+-N source [3]. 
 

3.3 Effects of Nitrogen Forms on Plant 
Tissue Concentrations 

 
3.3.1 Calcium concentration 
 
Nitrogen forms highly significantly (p=0.01) 
affected plant tissue Ca concentrations in the 
shoots of the amaranth plants (Fig. 2). The 
results of the study revealed that ammonium 
treatment restricted Ca content compared to sole 
nitrate which on the contrary led to mineral 
element build up. Plants treated with nitrate as 
sole nitrogen source were above 2.5 fold in AB6 
and 1.6 fold in AB7 superior in Ca concentration 
compared to ammonium treated plants. Variety 
AB7 had higher (15.2 mg/g) Ca concentration 
than AB6 (13.1 mg/g) in the shoots. Nonetheless; 
profound effects of N forms were evident in AB6 
whereby nitrate application led to 60% increase 
in Ca accumulation compared to ammonium, 
whereas AB7 had 38% enhancement. Provision 
of ammonium/nitrate mixture enhanced Ca 
content in the amaranth shoots by 51% in AB6 
and 21% in AB7 in relation to ammonium 
treatment. These findings concur with those of 
Roosta et al. [37] and Borgognone et al. [8] who 
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worked on egg plants and tomatoes, 
respectively. These authors reported that Ca 
uptake and accumulation in plant tissues 
decreased with increasing external NH4

+- N ratio 
in the nutrient solution. Ammonium treatment in 
contrast to nitrate treatment, restrains uptake of 
cations [38]. In this study the effects of N forms 
on Ca accumulation in the plant shoots may have 
been due to either: antagonism effect under 
NH4

+- N source which reduces Ca uptake at the 
cation uptake sites explained by the fact that 
NO3- is quantitatively by far the most dominant 
anion in the xylem sap and is balanced by an 
equal concentration of cations hence increased 
uptake and translocation of Ca2+ to the shoots 
[39]. 
 
3.3.2 Zinc accumulation  
 
Nitrogen forms markedly influenced zinc 
concentration in amaranth plants (Fig. 3).  Nitrate 
nutrition elevated Zn concentration unlike the 
ammonium which resulted in inhibition of this 
element accumulation. When treated with sole 
nitrate; AB6 had higher shoot concentration of 
zinc (9.5 mg/Kg) than AB7 (8.4 mg/Kg). 
Generally used nitrate as sole treatment doubled 
Zn accumulation in both varieties. These results 
are in agreement with the previous results of Xie 
et al. [40] who found zinc concentration to be 
higher in the NO3

- nutrition. Monsant et al. [41] 
observed that the highest shoot Zn accumulation 
occurred in the NO3

- treatment, which was 
associated with the high rhizosphere pH in mildly 
acidic soils. Nitrogen form supplied to the plants 
may have influence on accumulation of Zn in 

plant shoots possibly by reducing the cation 
exchange capacity which leads to reversible 
adsorption of Zn2+-ions on negatively charged 
sites on organic colloid surfaces, creating non-
specific cation competition by NH4

+source [42]. 
Another explanation is that increased 
translocation of the absorbed Zn from the roots 
to the shoot by is stimulated by NO3

- availability 

and not necessarily rise in rhizosphere pH alone 
[43]). Serna et al. [44] reported that as the 
proportion of NH4

+ in solution increased, Zn 
accumulation decreased in the leaves. However, 
in contrast to these results, Sabir et al. [6] 
recorded higher Zn concentration in maize 
shoots under treatment with sole NH4

+compared 
with those of NO3

--N fed plants. This could be 
probably because of increased soil pH of mostly 
above 6.5 under sole NO3

- N source which 
results in reduced extractability and plant 
availability of soil Zn [45,29]. 
 
3.3.3 Iron accumulation 
 
The results revealed no significant (P=0.05) 
differences between the nitrogen forms in iron 
content of the amaranth shoots (Table 2). Nitrate 
treatment revealed greater effect on Fe 
accumulation, which was however not 
statistically significant.  Nitrate-treated variety 
AB7 exhibited higher (139 mg/kg) Fe content, 
than AB6 (133 mg/kg), however the differences 
were not statistically significant. These results 
concur with results of Rosen et al. [46], who 
found that levels of Fe in the shoot and root of 
Vaccinium clones were not affected by either N 
form nor pH. Roosta et al. [15] observed that

 

 
 

Fig. 1. Effects of different nitrogen forms on rhizosphere pH changes in field experiment 
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Table 1. Effects of nitrogen forms on plant biomass accumulation 
 

Treatments Shoot dry weight (g/m2)  Root dry weight (g/m2) Leaf area (cm2/m2) 
AB6 Cntl 4.9d  0.8d 9.7d 

Am 10.4c 1.2cd 54.3cd 
AmNi 19.4ab 1.8b 75.3bc 
Ni 18.0b 2.5a 80.7abc 

AB7 Cntl 8.3cd 1.0d 32.0c 
Am 11.1c 1.6bc 79.5abc 
AmNi 22.1a 2.7a 132.0a 
Ni 20.5ab 3.0a 125.0ab 

P value  0.003 0.001 0.001 
LSD  3.5 0.5 56.1 

Means followed by the same letter within the same column are not significantly different (p=0.05) 
AB6-Abuktsa 6, AB7-Abuktsa 7, Cntl- control, Am – Ammonium, AmNi - Ammonium nitrate, Ni- nitrate 

 

 
 

Fig. 2. Effects of different nitrogen forms on shoot calcium concentration in two amaranth 
varieties 

AB6-Abuktsa 6, AB7-Abuktsa 7, Cntl- control, Am – Ammonium, AmNi - Ammonium nitrate, Ni- nitrate 
 
nitrogen forms had less effect on iron 
accumulation in cucumber plants.  Application of 
NO3

--N led to increased levels of Fe in 
Amaranthus tricolor [47] which contradicts the 
findings of Carlisle et al. [48] who reported that 
plants supplied with NH4

+-N had higher 
concentrations of total iron compared to plants 
supplied with NO3

- -N. This could be the result of 
limited uptake and shoot translocation of iron at 
very high pH in the nutrient solution [49] 
independent of N form, phenomena associated 
mostly with calcareous soils. Ammonium nutrition 
considerably enhanced the iron concentration in 
the aerial parts in comparison to the nitrate 
treatment in hydroponic medium enriched with 
bicarbonate to simulating calcareous soils [50 
and 51]. Highly weathered, tropical soils are 
often characterized by a dominance of iron (Fe)-
rich minerals which have potential for rapid rates 
of Fe reduction and re-oxidation [52]. In these 
conditions the availability of Fe to plants possible 
irrespective of the N- form under slightly acidic 
conditions. 

Table 2. Effects of different nitrogen forms on 
shoot iron concentration in two amaranth 

varieties 
 

Treatments  
 

Iron concentration 
(mg/kg) 

AB6 Cntl 132ab 
Am 125c 
AmNi 130bc 
Ni 133abc 

AB7 Cntl 130bc 
Am 127bc 
AmNi 135ab 
Ni 139a 

P value   0.19 
LSD   8.6 
Means followed by the same letter within the same 

column are not significantly different (P≤0.05) 
AB6-Abuktsa 6, AB7-Abuktsa 7, Cntl- control,          
Am – Ammonium, AmNi - Ammonium nitrate,           

Ni- nitrate 
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Fig. 3. Effects of different nitrogen forms on shoot zinc concentration in two amaranth 
varieties 

AB6-Abuktsa 6, AB7-Abuktsa 7, Cntl- control, Am – Ammonium, AmNi - Ammonium nitrate, Ni- nitrate 
 

Table 3. Pearson correlations coefficient between biomass accumulation, rhizosphere pH and 
mineral elements (Ca and Zn) concentrations in amaranth shoots 

 
 Shoot dry 

weight 
Root dry 
weight 

Leaf area Calcium 
(Ca) 

Zinc  
(Zn) 

pH 
 

Shoot dry weight 1      
Root dry weight 0.92** 1     
Leaf Area 0.88* 0.68* 1    
Calcium (Ca) 0.76** 0.49* 0.59* 1   
Zinc (Zn) 0.65* 0.78* 0.64* 0.57 1  
pH 0.62* 0.64** 0.74* 0.59* 0.66 * 1 

*and ** significant at P ≤ 0.05 or P ≤ 0.01, respectively 
 
3.4 Relationship between Plant Growth 

and Mineral Elements 
 
Pearson correlation indicated a strong            
positive relationship between rhizosphere pH and 
plant dry weight (Table 3 above). This is in 
agreement with Gweyi- Onyango et al. [22] who 
observed that rhizosphere acidification by 
resulted to poor growth, while rise in rhizosphere 
pH was associated with superior growth in 
tomatoes. It is not surprising that plant biomass 
accumulation revealed a positive correlation             
with mineral elements concentrations in the 
amaranth plants (Table 2). This is in line with            
the findings of Roosta et al. [37] who 
demonstrated that enhanced plant growth was 
accompanied by increased concentrations of Ca 
in egg plants. Similarly Monsant et al. [43], 
reported that increase in external pH resulted           
to elevated buildup of zinc concentration in              
Thlaspi caerulescens. This is an indication                
that pH shift of the external medium               
influences biomass accumulation and               

mineral element composition in higher plants 
[39]. 
 
4. CONCLUSION 
 
Amaranth plants responded differently to 
different nitrogen forms.  Sole ammonium 
induced rhizosphere acidification while nitrate 
treatment resulted to rise in rhizosphere pH. This 
had different impact on availability and 
concentration of mineral elements (calcium, zinc 
and iron) in amaranth plants. Rhizosphere pH 
shift is of paramount importance in nutrient 
content accumulation not only for plant growth 
but also for optimal nutritional quality in 
vegetable amaranth. Use of nitrate N, both sole 
and mixed form -(ammonium nitrate), had better 
impact on plant growth and mineral element 
accumulation in amaranth biomass compared to 
ammonium treatment.  Nitrate fertilized amaranth 
plants may be recommended -for production of 
leafy biomass for plant growth and nutritional 
benefits. 
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