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ABSTRACT: Nutrient content and foliage growth investigations were done in two varieties of 

groundnuts (Red and Chinese) in a potted experiment. The germinated crops were removed at three 

different stages of growth and weighed fresh using analytical balance, heights were measured using a 

straight edge, number of leaves was counted and square areas of the leaves were also calculated using a 

graph sheet. Calcium and magnesium content were analysed using the Atomic Absorption Spectrometer, 

Potassium concentration was determined using Jenway PFP7 Flame photometer and concentration of 

phosphorus was determined spectrophotometerically. The Red cultivar groundnuts contained more 

nutrients compared to the Chinese cultivar and also had higher growth (7.91%) compared to that of the 

Red cultivar. There was a greater increase in phosphorus (>0.0–3.7 g/treatment) content in the Red 

groundnuts compared to potassium (>0.0–0.4 g/treatment), calcium (2.0-5.3 g/treatment) and 

magnesium (0.6-3.0 g/treatment). In the Chinese groundnuts cultivar the increase in phosphorus content 

(19.9 – 9.3 g/treatment) was also higher, and there were increasing contents of potassium (0.6–1.0 

g/treatment), magnesium (2.3-4.7 g/treatment) and calcium (4.3-9.3 g/treatment) respectively in that 

cultivar. All the measured growth parameters in the Red cultivar groundnuts were higher in percentages 

compared to that in the Chinese cultivar. In the Chinese cultivar, percentage increases in the growth were 

33.87, 32.57, 50.56 and 27.49 % for height, weight, number and square area of leaves respectively, 

whereas these were respectively 38.83, 54.17, 53.24 and 29.89 % in Red cultivar.  
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1.INTRODUCTION 

Groundnut (Arachis hypogea L.) is also referred to as peanut, monkey-nut, earthnuts, goobers, 

pinders and manila nuts [1]. It is one of the most important cash crops known for its oilseed, food 

and animal feeds [2]. It contains 40 – 50 % oil and 20 – 30 % protein [3], [4]. Groundnut plants 

require about 500 - 600 mm of rainfall and optimum temperature for their growth and development 

ranges from 28 - 30 ˚C [5]. A pH of 6.0 - 6.5 is also required for growth. The crop is sensitive to 

salinity and high soil acidity (pH < 5) which could induce Magnesium or Aluminum toxicity [6]. 

However, some cultivars grow well in slightly alkaline soils with pH up to 8.0 which help in nitrogen 

fixation [7]. Groundnuts grow to a maximum height of 60 cm [8].  According to the Ghana 

Statistical Service [9], groundnut in Ghana is grown throughout the Northern and Upper East regions, 

where about a fifth of farmers name it as one of the most important crops [8]. The crop may be used 

as animal diet in the form of fodder [3], [10], seeds, straw and hay rich in protein, and has better 

sweetness and digestibility than other fodder [11]. The protein cake (oilcake meal) residue from oil 

processing is also utilized as animal feed and soil fertilizer. The oil is cholesterol free and has anti-

cancer, antiviral, neuro-protective, anti-aging, anti-inflammatory and life-prolonging effects, and a 

number of other usefulness [12]. Water is the central molecule in all physiological processes of 

plants and the major medium for transporting metabolites and nutrients [13], [14], with additional 

importance in groundnuts [15], [16]. Nutrient uptake and transportation to the root by crop plants 

grown in soil is seriously affected by several factors including climate and water stress [10]. Water 

stress reduces nutrient absorbability and nutrients uptake by crops [17], [18]. But some recent 

studies indicate that climate change sometimes has limited negative impacts on peanut [19]. Most 

of the world’s groundnut production is done under conditions of unpredictable and insufficient 

rainfall or water stress and this seriously affects its production [10], [20]. It also has been reported 

that more than half of the production area, which accounts for 90 % of groundnuts growing area in 

the world fall under Arid and Semi-Arid regions [21] where groundnuts are frequently subjected to 

drought (water stresses) or water shortage [22]. However, plants have developed various strategies 

to allow them survive some of these problems [23], [24]. In groundnuts water stress may result in 

yield loss, reduction in nutritional quality of seeds and other challenges [25], [26].  
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The continuous supply of minerals, which is supported by genetic make-up and available water, is 

very vital for plants [27]. Nutrients play multiple essential roles in crop plant mechanisms [28]. Thus, 

they are very important to crops and animals production [28], [29]. However, certain soils lack 

nutrients but in others nutrients may be present in forms the plants cannot use [24]. Magnesium, for 

instance, is part of chlorophyll [30] and is also important to groundnut because it helps the groundnut 

crop in utilizing other plant nutrients efficiently. Continuous supply and utilization of minerals is 

therefore very vital to plants [30].  

Among other factors, internal or genetic factors of crop plants influence nutrient uptake, growth and 

morphophysiology [31], [32]. Thus crop species and genotypes within species are known to differ 

in their ability to take up nutrients [33]. Krishna [34] also reported that, the exact quantity of 

nutrients required by groundnut to achieve optimum growth and pod formation may vary within 

limits based on soil type, environment and genotype. These challenges, coupled with those of the 

environment challenges and lack of high yielding groundnut varieties [10] therefore call for 

optimization of other parameters that promote productivity of the crop. Optimization of mineral 

nutrition is therefore key to production of groundnuts [35]. Therefore, there is an emerging need to 

select between cultivated species for food and fodder among other uses.  

The current study therefore investigated differences in content of some nutrients and growth of 

foliage between “Red” and “Chinese” groundnuts cultivars commonly grown in Northern Ghana. 

Differences in Ca, Mg, P and K content were determined over time of growth, and compared with 

growth in height, weight and number and area of leaves to establish their relations in the two 

varieties. Based on these relations, a preferential utility cultivar in terms of food and fodder has been 

proposed. 

2. MATERIALS AND METHODS 

Samples 

Root and shoot systems of two groundnuts cultivars germinated in a potted experiment, whole plants 

of the groundnuts and sandy loam soil.  

          

Figure 1 The two groundnuts varieties    Figure 2 Potted soil sample in improvised greenhouse    

Chinese groundnut cultivar 

Red groundnut cultivar 
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Equipment/glassware 

Analytical balance, porcelain mortar and pestle, Pharo 300 Spectrophotometer, Atomic Absorption 

Spectrometer, Flame Photometer, digestion vessels, pH meter, graduated measuring cylinder, 

volumetric flask, beaker, oven, funnel, filter paper and conical flask. 

Chemicals/reagents 

Inorganic fertilizer (NPK 15-15-15), Gypsum (Calcium sulphate) and Epson salt (Magnesium 

sulphate), sulphric acid, hydrogen peroxide, nitric acid, hydrochloric acid, distilled water, P- 

nitrophenol (4-Nitrophenol), ammonia and ascorbic acid. 

Experimental design 

The experiment was conducted in a Randomized Complete Block Design in an improvised 

greenhouse at the premises of the “Spanish Laboratory” structure at the University for Development 

Studies, Navrongo. The two groundnut varieties (Chinese and Red groundnuts) were categorized as 

block A and block B respectively, each block comprising three treatments/replicates with four pots 

(1-4) in each treatment.  

Sample collection 

Breeder produced China and Red groundnut (Figure 1) were bought from the Navrongo Central 

groundnut market and shelled. The samples were identified by Mr. Roland Atara at the Navrongo 

office of Ministry of Food and Agriculture (MoFA) before sowing. Visibly quality seeds were 

selected for sowing.  

Top soil was collected from Doba, [Lat (10º52ʹ 0ʺ N), Long (-1º2ʹ 0ʺW)], a suburb of Navrongo in 

the Kassena Nankana East district in Ghana. The soil was open-aired for 48 hours and to dryness in 

the laboratory. All debris was removed. 

Determination of pH 

The pots were filled with the dry light-textured sandy-loam soil similar to previously published 

procedure [36]. pH of the soil in each of the pots was determined. An amount of 2 g of the collected 

soil was dissolved in 10 ml of distilled water in a clean beaker to make a solution of ratio of 1:5 

mass of sieved soil to volume of distilled water for pH determination.  

The pH meter (Crison Basic-20) with a glass electrode was used to determine the pH. For that 

purpose, the pH meter was calibrated using standard buffer of pH 7.0 and 4.0. The prepared soil 

solution in the beaker was stirred every 5-10 minutes up to 30 minutes, the electrode was then 

immersed into the solution and the displayed pH of the sample was read and recorded. 

Seed germination 

The potted soil placed in an improvised greenhouse, was watered for three days using tap water, in 

other to loosen lumps. Each groundnut sample was sown in three replicates of four pots per treatment 

(Figure 2). Six quality seeds were sown per pot and seedlings thinned to five plants per pot by 

removing the weakest seedling. Sowing was in late April, 2016, when day temperatures were around 
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31-37oC and night in the range of 30-35oC. The seeds were sown at a depth of about 2 cm [33], [37]. 

Two (2.0) grams each of inorganic fertilizer (NPK15:15:15), Epson salt and calcium sulphate were 

dissolved in 2 L of tap water to give 3 g/L of solution. Different quantities of the solution were 

applied to each pot 10 DAS. One plant each was randomly taken from each pot of each treatment to 

make up the control sample before these chemicals were added. Samples for analyses were collected 

at three different stages (1st, 2nd and 3rd) in addition to a control.  The 1st, 2nd and 3rdstage samples 

were taken for various analyses, four, six and eight days after chemical application. Water was 

supplied immediately to the plants at each stage beginning from the 1st stage after sample collection. 

Determination of height of seedling, square area of leaves, and number of leaves 

The longest leaf was identified from each seedling for measurements. A 30.0 cm straight edge was 

used to measure height of each plant from the soil surface to the edge of the longest leaf.  

The number of leaves per plant including developing leaf buds was also counted. Square areas of 

the leaves were also calculated by placing the leaves on a standard 2 cm graph sheet and tracing the 

outlines. The area of the petiole was not included in the calculations [38]. At each stage, a seedling 

with the longest leaf was identified in each pot and carefully uprooted for further analyses. Traces 

of soil and/or debris were carefully eliminated and the plant was weighed using the analytical 

balance (Sartorius TE601). The collected plant samples were grouped according to treatment and 

air dried to reduce the moisture before they were oven-dried at 80 ̊ C for 24 hours. The dried samples 

were ground, packed into containers, sealed and labeled according to treatment for further work. 

Nutrient analysis  

Each packed sample was weighed (0.5 g) and transferred into a digestion vessel. 8 ml of a mixture 

of nitric acid (HNO3) and hydrochloric acid (HCl) in a ratio of 1:3 respectively was added to the 

weighed sample. The content was mixed and heated to a temperature range of 40 - 60 ̊C when NO2 

gas seized to evolve. It was cooled, filtered and the filtrate transferred into a 100 ml volumetric flask. 

The volume was made to the mark using distilled water. The solution was used to determine calcium 

and magnesium using the Atomic Absorption Spectrometer (AAZ40FS) using existing procedures 

[39], [40] at the Ghana Atomic Energy Commission, Accra. Potassium concentration was 

determined using Jenway PFP7 Flame photometer at the Ecology Laboratory of University of Ghana, 

Accra. 0.1 g of each sample was weighed and transferred into a 250 ml conical flask. 5 ml Sulphric 

acid was added to the sample, the content was well mixed and allowed to sit for one hour. Heat was 

applied up to 80 ˚C when white fumes evolved. Hydrogen peroxide was added in drops until a clear 

solution was attained. The content was allowed to cool before it was transferred into a 100 ml 

volumetric flask and the volume made to the mark using distilled water (volume of extract). To 

determine P, 1.0 ml of the extract was pipetted into a 50 ml volumetric flask and 5 ml of distilled 

water added. One drop of P-Nitrophenol was added to the solution, after which ammonia was added 

until a yellow colour was obtained. One drop of stock solution A (extract) + Ascorbic acid was added 
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to the solution. The colour changed from yellow → colorless → light blue. The solution was then 

topped up to the mark with distilled water. Concentration of Phosphorus was determined using the 

Pharo 300 spectrophotometer at the Ecology Laboratory of University of Ghana, Accra.  

3. RESULTS AND DISCUSSION 

Physical parameters   

Table 1: pH measurements of the soils in which the groundnuts were sown 

CHINESE GROUNDNUTS CULTIVAR RED GROUNDNUTS CULTIVAR 

Treatment 

pH 

Replicates Mean 

pH 

Replicates Mean 

pH 1 2 3 4 1 2 3 4 

i 6.01 5.89 6.07 5.96 5.98 5.94 5.99 6.03 6.04 6.00 

ii 5.83 6.01 6.05 5.49 5.85 5.94 6.18 6.05 5.58 5.94 

iii 5.73 5.71 5.64 5.51 5.65 5.98 6.09 6.29 6.03 6.09 

 

 

Figure 3 Average height, weight, number and square area of leaves of the Chinese groundnuts 

cultivar 

 

Figure 4 Average height, weight, number and square area of leaves of the Red groundnuts cultivar 
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Figure 5 Chinese groundnuts cultivar     Figure 6 Red groundnuts cultivar 

Chemical parameters 

Nutrients 

 

Figure 7 Average content of selected nutrients in the Chinese groundnuts cultivar 

 

Figure 8 Average content of selected nutrients in the Red groundnuts cultivar 
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acidic compared to that in which Red groundnuts were sown. Red groundnut should therefore be 

expected to slightly absorb more nutrients as reported by earlier researchers [14]. pH of soils of both 

blocks in the current study was quite satisfactory and the differences may not significantly cause 

variation of the crops nutrient uptake. Notwithstanding the slight pH differences in soils used in the 

current study, the differences may not influence the crops’ nutrient uptake so much. If at all, the 

slight differences in soil pH only had negligible differential influence on the growth. According to 

Schwartz [42], lower pH may not necessarily have impact on germination of groundnut but 

significantly may reduce seedling survival and early growth. Therefore, if the internal factors were 

held constant, then one could conveniently indicate that Chinese groundnut may therefore not be as 

suitable as Red groundnuts for cultivation in slightly acidic soil, with pH of 5.83. 

Nutrient content 

From figure 7, the most abundant nutrient in the Chinese groundnuts was K followed by Mg and 

then Ca, the least being P. However, P and K were found to be more in the Red groundnut followed 

by Mg and then Ca (Figure 8). Higher nutrient concentration in soil increases the opportunity for 

nutrient movement into the plants [42]. Phosphorus is important to plants [43], and without 

phosphorus, plants cannot grow even if nitrogen supply is plenty [20]. Phosphorus was reported by 

Sharma and Yaday [44] to play a beneficial role in legume growth though it was earlier reported 

[45] to adversely affect the formation of root nodules, and decrease [46] shoot length and number 

of leaves. It is a component of nucleic acids and high uptake supports higher grain production and 

earlier crop maturity [47]. When phosphorus is insufficient or deficient in groundnuts, flower 

production as well as size of pods reduces [46]. Phosphorus and potassium are also important in 

animal wellbeing, relating to functioning of the heart, skeletal and smooth muscles, and digestive 

system [43]. Potassium deficiency causes marginal chlorosis and early leaf dropping and death of 

tissue. Though groundnuts have low potassium requirement compared to other legumes, the nutrient 

is essential in nearly all processes needed to sustain growth and reproduction [48]. Mg and Ca are 

secondary nutrients which are needed in lesser amounts. Mg is required in photosynthesis as a 

building block of chlorophyll [30]. Presence of Mg in groundnuts also influences the effective 

utilization of other nutrients, and presence of Ca is essential to plant and animal development [49], 

[50]. Calcium is by far the most important nutrient for pod development. Insufficiency or deficiency 

of the nutrient in groundnuts affects formation and filling of pods [35], [51], [52] and causes 

darkened plumules [52]. Calcium content soil around the groundnut pods therefore leads to 

increased yield as well as oil and protein content of the kernel [52]. K leads to increased yield and 

improved quality. It also activates many enzyme systems, increases protein content of the crop, 

retards crop diseases, reduces respiration, prevents energy losses and aids photosynthesis and food 

formation [53]. The nutrients absorbed by the two groundnut cultivars (Figures 7 and 8), may have 

started enhancing growth of the crops. Red groundnut which took up more of the nutrients was 
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found to have a correspondingly higher change in growth compared to the Chinese groundnuts 

cultivar. Nutrient absorption should contribute to plant growth and development [54]. The ability of 

the two groundnuts varieties to absorb K, P, Ca and Mg makes their foliage good fodder as well as 

provides potential for productivity and nutrition. 

Number of leaves, height and square area of leaves      

From figures 3 and 4, though each parameter increased through the second and into the third stages 

of measurement all the measured parameters in the first stage of measurement were lower than those 

of the control. This may be because the plants utilized some of the nutrients initially available in 

them to start growth, and for absorption of more nutrients from the soil. Height of germinated plants 

of both varieties increased with increasing weight, number as well as the square area of leaves. 

However, the weights of both varieties were very much reduced in comparison with the controls. 

This trend may probably be because the plants converted a lot of stored food in order to carry out 

active transport. One could suspect that the slight differences in soil pH may have also influenced 

the growth in a little way. According to Schwartz [42], lower pH may significantly reduce seedling 

survival and early growth. Therefore, if the internal factors were held constant, then one could 

conveniently indicate that Chinese groundnut may not be suitable for cultivation in slightly acidic 

soils, with pH of about 5.83. On the other hand, other environmental factors [55] which the current 

research may not be able to establish could have also contributed to the low growth in the Chinese 

groundnuts. Comparing the growth of the two cultivars (Figures 5 and 6), the percentage increase 

in each parameter in the Chinese groundnuts were 33.87, 32.57, 50.56 and 27.49 % respectively for 

height, weight, number of leaves and the square area of leaves, whereas it was respectively 38.83, 

54.17, 53.24 and 29.89 % in the Red groundnuts. The Red groundnut generally had higher 

percentage increases in all the measured parameters. The ability of primary roots or leaves to draw 

absorbed nutrients from the root hairs for growth [56] was probably low in the Chinese groundnuts, 

thus resulting in the lower levels of nutrient content. Influences on nutrient uptake, growth and 

morphophysiology [32] must have contributed to the differences in nutrient content. 

4. CONCLUSION 

The analysis demonstrated the presence of phosphorus, potassium, calcium and magnesium in the 

Chinese and Red groundnuts samples used in this research. The present study has shown that the 

increase in nutrient content relates positively to increased growth of foliage. The most abundantly 

absorbed nutrient in the Chinese groundnuts was K followed by Mg and then Ca, the least being P, 

while P and K were found to be more in the Red groundnuts followed by Mg and then Ca. It was 

observed that the Chinese cultivar groundnuts contained less phosphorus compared to magnesium, 

calcium and potassium but more phosphorus and potassium were contained in the Red groundnut.  

It was also observed that the height, weight, number of leaves and square area of leaves of the Red 

groundnuts were higher compared to those of the Chinese cultivar groundnuts. The high nutrient 
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content in the Red cultivar generally contributed to 7.91 % increase in growth over the Chinese 

groundnuts. The percentage increase in the growth parameters were 33.87, 32.57, 50.56 and 27.49 % 

for height, weight, number of leaves and the square area of leaves respectively in the Chinese 

cultivar whereas it was respectively 38.83, 54.17, 53.24 and 29.89 % for height, weight, number of 

leaves and the square area of leaves in the Red cultivar. The Red groundnuts generally had higher 

percentages of growth in height, weight, number of leaves and square area of leaves. The Red 

groundnuts cultivar represents a preferable fodder crop and also portrays a higher potential for 

productivity and nutritive food. 
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