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Abstract: Plant tissue analysis is the direct measurement of various types of nutrients present 

in plant at the time of sampling. It helps to diagnose the deficiency and toxicity of particular 

mineral element at particular growth stage of plants before the appearance of visual 

symptoms. This paper intended to review the various types of qualitative and quantitative 

techniques used to determine the concentration of mineral nutrients present in plant tissue. 

The quantitative concentration of mineral elements present in horticultural crops can be 

determined by atomic absorption spectrometry (AAS), inductively coupled plasma atomic 

emission spectrometry (ICP-AES), inductively coupled plasma mass spectrometry (ICP-MS), 

flame atomic absorption spectrometry (FAAS), graphite-furnace atomic absorption 

spectrometry (GF-AAS), spectrophotometry, ion-selective electrode method, X-ray 

fluorescence spectrometry, electromigration techniques, nuclear magnetic resonance 

technology and some electrochemical techniques. Review shows that atomic absorption 

spectrometry (AAS) is widely used destructive technique for the determination of several 

mineral elements such as nitrogen (N), phosphorous (P), potassium (K),  calcium (Ca), 

sodium (Na),  copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), zinc (Zn) and 

boron (B). Other non destructive techniques such as DRIS and colorimetric method are also 

employed to determine the mineral nutrient concentration in plant tissue. 
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Introduction 

Crop yield and quality is affected by several factors in which soil fertility is most important 

one. Farmers can manage fertility by measuring the plant nutritional status. Fertility and 

nutrient status are unseen factors; they are noticeable only after the appearance of visual 

symptoms in plant. Thus plant tissue analysis shows the nutrient status of plants at the time of 

sampling. In addition, it provides a comprehensive idea about the status of soil nutrient 

supplies also. Plant tissue analysis not only detects unseen deficiencies and may also confirm 

visual symptoms of deficiencies. Toxic compounds and levels may also be detected. Plant 

tissue analysis usually used as diagnostic tool for future correction of nutrient problems, 

analysis of young plants will allow a corrective fertilizer application at the same season. The 

most important use of plant analysis is the monitoring tools for determining the adequacy of 

current fertilizer practices. Plant tissue analysis diagnose nutrient disorders that may occur 

during growing season and help fine tuning the efficiency of a fertilizer program before 

nutrient deficiency symptoms appears. Periodic sampling of crop once in a year during 

growing season provides a record of nutrient status. Seasonal sampling of plant provides the 

idea of peak demand of specific nutrient element at different growth sages for different crops 

(Munson and Nelson, 1990). Plant tissue analysis along with soil test report may help to tailor 

fertilizer application practices to specific soil-plant needs. However, the elemental content in 

a plant tissue is not a fixed entity, it may varies from month to month, day to day and even 

hour to hour, as well as differing between the various parts of plant itself (Goodall and 

Gregory, 1947 and Jones, 1970). 

 

The concept of plant tissue analysis has been developed from Europe in early 1800s. A 

various elements were identified as essential for plant growth and development, initially Von 

Liebeg (1840) and subsequently others began analyzing plants for their nutritional content. 

Weinhold (1862) developed the idea of using plant analysis as an index of available nutrient 

element supply. Later other scientists also compared the plant growth or relative growth, 

development and yield with respect to concentration of essential elements present in the dry 

matter of the plants or its parts such as leaves, stems, petioles, fruit or grain. Plant tissue 

analysis usually conducted in prepared samples in a laboratory under controlled conditions 

(Jones and Case, 1990). Quick test of plant tissue, plant sap or fluid can also be performed in 

the field (Krantz et al., 1948; Morgan and Wickstrom, 1956; Wickstrom, 1963, 1967 and 

Syltie et al., 1972). Testing of forage samples may be conducted with near infrared 

spectrometry (NIR) in mobile laboratories.  
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Plant nutrition analysis has been done through both soil test and tissue analysis techniques but 

tissue analysis is considered to be more direct and accurate method when analysis of well 

defined plant parts and organs are carried out (Hallmark & Beverly, 1991). Leaf is considered 

to be major plant part used for nutrient diagnosis purpose among various plant organs 

(Chapman & Brown, 1950). The improvement in tissue analysis techniques enabled the 

comparison of results from different soil type fertilization experiments. In the same way, it 

allowed the evaluation of fruit crop plants response to treatments in nutrient solution 

experiments (Reuther et al., 1958). On the other hand soil test analysis does not take account 

some factors such as soil temperature, aeration and and even the higher or lower absorption 

due to the own plant nutritional needs. As well as another soil analysis limitation is soil 

sampling, which is supposed to actually represent the soil portion explored by the roots 

(Reuther & Smith, 1954). 

 

Several analytical techniques such as inductively coupled plasma optical emission 

spectrometry (ICP OES) (Hamilton et al., 2008 and Paredes et al., 2008), inductively coupled 

plasma mass spectrometry (ICP-MS) (Nardi et al., 2009 and Feudo et al., 2010) flame atomic 

absorption spectrometry (F AAS) and electrothermal atomic absorption spectrometry (ET 

AAS)  (Bakkali  et al.,  2009 and Nunes et al.,  2011) are employed for determining the 

mineral nutrients in foods and beverages. Atomic absorption and Flame photometer are the 

popular techniques used for the determination of metals in many types of samples most 

commonly for the analysis of food (Salman et al., 2011). Other techniques include X-ray 

fluorescence spectrometry (Jastrzebska et al., 2003), electromigration techniques (Sadecka & 

Polonsky 1999 and Szlyk et al., 2004), and some electrochemical techniques (Karadjova et 

al., 2000; Abbasi et al., 2010 and Alghamdi, 2010). High performance liquid chromatography 

(HPLC)-ICP OES hyphenation technique was used to determine the concentration of some 

organic (i.e., carbohydrates, carboxylic acids) as well as inorganic (metals and anions) 

compounds in tomato samples (Paredes et al., 2008). In addition, Chloride (Cl), nitrate-

nitrogen (NO3-N), Orthophosphate-phosphorous (PO4-P), Potassium (K) and sulfate-sulfur 

(SO4-S) present in plant tissue can be determined by extraction with 2% acetic acid solution. 

However, the dilute acetic acid does not quantitatively extract anions from the tissue. So 

nitrate is determined spectrophotometrically at 520 nm by the Griess-Ilasvay method 

(cadmium reduction), K is determined by atomic emission or absorption spectrometry, PO4-P 

is determined spectrophotometrically at 660 nm by reacting with paramolybdate and Cl is 

determined by coulometric titration or ion-selective electrode (Watson and Isaac, 1990). 
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Spectrometry 

The quantitative determination of the concentration of boron (B), calcium (Ca), copper (Cu), 

iron (Fe), magnesium (Mg), manganese (Mn), phosphorous (P), potassium (K), sodium (Na), 

and zinc (Zn) in plant tissue can be done by high temperature dry oxidation of the organic 

matter  (Baker et al.,  1964) and dissolution of the ash with hydrochloric acid (HCl). The 

digest analyte concentrations can be determined by either atomic absorption spectrometry 

(AAS) (Watson and Isaac, 1990) and/or inductively coupled plasma atomic emission 

spectrometry (ICP-AES) (Munter and Grande, 1981). Similarly, concentration of calcium 

(Ca), copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), molybdenum (Mo), 

phosphorous (P), potassium (K), selenium (Se), sodium (Na), sulfur (S) and zinc (Zn) and 

trace elements using a nitric-per-chloric (HNO3-HClO4) acid digestion of organic matter in 

conjunction with external heating (Gorsuch, 1970; Tolg, 1974; Zasoski and Burau, 1977 and 

Bock, 1978). The digest analyte concentrations can be determined by either atomic 

absorption spectrometry (AAS) (Watson and Isaac, 1990) and/or inductively coupled plasma 

atomic emission spectrometry (ICP-AES) (Munter and Grande, 1981). Mineral 

concentrations of several commercially grown organic and conventional crops were 

determined by using inductively coupled plasma mass spectrometry (ICP-MS) (Kelly and 

Bateman, 2010). A comparison was made between ICP-MS and AAS for the determination 

of mineral nutrients and toxic elements (Ca, Cu, Fe, Mg, Zn, Cd, Cr, Mn, Ni, and Pb) in five 

types of coffee but not significant different was observed (Jarosova et al., 2014).  

 

Analysis of thirteen minerals content in pomegranate juice by inductively couple plasma- 

optical emission spectrometry (ICP-OES) was carried out in commercial pomegranate juice 

consumed in Turkish market (Arzu, 2010). A comparative study was carried out on elemental 

composition of seven pomegranate cultivars determined in different parts of the pomegranate 

fruit including arils also. The concentrations of major elements (N, P, K, Ca, Mg, S, Cl and 

Na) and trace elements (Mn, Fe, Cu, Zn, B, Ni, Co, Cr, Pb, Cd, Se, Al, As, Li, Sr, Ti and V) 

were determined using inductively couple plasma- optical emission spectrometry (ICP-OES) 

calibrated with different concentrations of standard solutions of the minerals (Fawole and 

Opara, 2012). Similarly, the concentrations of 15 elements (Al, Ba, Cd, Co, Cr, Cu, Fe, Hg, 

Mn, Ni, Se, Sn, Sr, V and Zn) were determined in three tomato species (Khaki, Cherry and 

Italy) at different stages of maturation by inductively couple plasma- optical emission 

spectrometry (ICP-OES) and inductively coupled plasma mass spectrometry (ICP-MS) 

http://www.emeraldinsight.com/author/Amos+Fawole%2C+Olaniyi
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following microwave-assisted acid digestion (Bressy et al., 2013). Recently quantification of 

of S has been also done by inductively coupled plasma atomic emission spectrometry (ICP-

AES) and ion chromatography (Artiola and Ali, 1990; Peverill, 1993). Micronutrients boron 

(B), Molybdenum (Mo) and the elements selenium (Se) are difficult to determine in plant 

tissue because of their very low concentrations (Pais and Jones, 1996). However, boron is 

present in somehow higher quantities compared to Mo and Se. So it is difficult to determine 

the concentrations of Mo and Se by inductively coupled plasma atomic emission 

spectrometry (ICP-AES) because of their inadequate sensitivity compared to other elements 

but can be determined by graphite-furnace atomic absorption spectrometry (GF-AAS) 

(Watson and Isaac, 1990). Micronutrients and heavy metals were determined by employing 

flame atomic absorption spectrometry (Demirbas, 2010) after closed vessel microwave 

digestion (Bakkali et al., 2009). 

 

A research was carried out to determine the essential and toxic elements present in tropical 

fruits in South Korea. The concentrations of eight essential (Co, Cr, Cu, Mn, Ni, Se, V, and 

Zn) and five toxic elements (Al, As, Cd, Hg, and Pb) were determined by inductively coupled 

plasma mass spectrometry (ICP-MS) in 457 samples of commonly consumed fresh tropical 

fruit including bananas (Musa acuminata), kiwi (Actinidia deliciosa), mangos (Mangifera 

indica), and pineapple (Ananas comosus) from supermarkets from Seoul, Busan, Gangneung, 

Daegu, Daejeon and   Gwangju. The samples were digested by microwave-assisted 

combustion using HNO3 and H2O2 and the Hg concentrations were evaluated by furnace-gold 

amalgamation direct mercury analysis (Habate et al., 2017). Similarly a research was 

conducted to determine the essential and toxic elements present in vegetables from South 

Korea. This study revealed that determination of trace essential (Co, Cr, Cu, Se, and Zn) and 

toxic (Al, As, Cd, Hg, and Pb) elements in greenhouse tomatoes, peppers, and cucumbers 

from supermarkets of Seoul, Busan, Gangneung, Daegu, Daejeon, and Gwangju using 

inductively coupled plasma mass spectrometry (ICP-MS), inductively coupled plasma optical 

emission spectroscopy (ICP-OES), and direct mercury analysis (Hwang et al.,  2017). 

Physico-chemical properties and mineral contents using Atomic absorption spectrometry 

(AAS) of two commercial pomegranate fruits from Tunisia were established (Elfalleh et al., 

2011).  
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Spectrophotometry, Turbidimetry and Flame Photometry 

A study was conducted to analyze the vitamin C, lipid and other mineral elements such as Ca, 

Mg, Fe, Na and K using Atomic absorption spectrophotometry technique in Turkey (Dumlu 

and Gurkan, 2007). Spectrophotometric methods may be conducted to analyze the B and P 

(Chapman and Pratt, 1961; Gaines and Mitchell, 1979; Loshe, 1982). But this method may 

not be quantitative for volatile compounds such as sulfur (S) and other analytes [i.e., arsenic 

(As), mercury (Hg), and selenium (Se)]. Spectrophotometric and turbidimetric methods are 

used to analyze the P and S respectively (Johnson and Ulrich, 1959; Chapman and Pratt, 

1961; Blanchar, 1986). This method involves pre-digestion with HNO3 followed by addition 

of HClO4 followed by digestion at high temperatures. A great care should be taken when 

using HCLO4 (Schilt, 1979) which is highly reactive and may violently react with untreated 

organic materials and result in an explosion. This method can also be used for the 

determination of trace elements such as lead (Pb), cadmium (Cd), nickel (Ni) etc.  Boron is 

not included because it is volatilized from plant tissue during digestion process (Miller, 

1998). Plugs of corticle tissue were digested in HNO3/HCLO4 to analyze the calcium 

concentration in apple for the prediction of bitter pit.  And the digest were measured by 

atomic absorption spectrophotometry (Ferguson and Reid, 1979). A study was conducted to 

determine the fructose, glucose and sucrose in Taif grape using high performance liquid 

chromatography where the mineral elements such as Fe, Cu, K and Na were analyzed by 

atomic absorption and flame photometer (Salman et al., 2011). Similarly, Basset et al., 

(1978) reported a titrimetric method for the determination of nitrate which could be erroneous 

if applied to vegetables. Later Tanaka et al., (1982) reported a sensitive and direct 

spectrophotometric method for the determination of nitrate in vegetables using 2-secbutyl 

phenol. Sodium and Potassium concentration in plant material can be detected by Flame 

Emission Spectrophotometry (Horneck and Hanson, 1998). The concentration of some heavy 

metals Fe, Mn, Cu, Zn, Pb, Cd and Hg in various vegetables (roots, stems, leafy, fruits, 

cereals and legumes) grown in four major industrial and urban cities (Tabouk, Riyadh, 

Damamm and Jazan) in Kingdom of Saudi Arabia was assessed using atomic absorption 

spectrophotometer (Ali and Al-Qahatani, 2012). A study was carried out on four different 

Taif pomegranate fruit juice for the determination of minerals elements (sodium, potassium, 

copper, lead and iron) by using Atomic absorption spectrometry and flame photometry 

(Salman et al.,  2011).  
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Electromagnetic radiation  

Sometimes electromagnetic radiation is also used to determine the presence of nutrient 

elements in plant tissue by oscillating them in electromagnetic field. Microwave digestion of 

plant tissue in a closed vessel provide a quantitative determination of concentration of boron 

(B), calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), molybdenum 

(Mo), phosphorus (P), potassium (K), sodium (Na), sulfur (S), and zinc (Zn) using a nitric 

acid and hydrogen peroxide (HNO3/H2O2) digestion mixture in conjunction with microwave 

heating in closed Teflon vessels (White and Douthit, 1985; Anderson and Henderson, 1986; 

Kalra et al.,  1989 and Stripp and Bogen, 1989). The digest analyte concentrations can be 

determined by atomic absorption spectrometry (AAS) (Watson and Isaac, 1990) and 

inductively coupled plasma atomic emission spectrometry (ICP-AES) (Keller, 1992). 

 

Wet Oxidation Digestion, Combustion and Colorimetric Methods 

The determination of nitrogen (N) in organic materials is done through wet oxidation 

digestion developed by Kjeldahl which had been the industry standard till now (Bradstreet, 

1965; Nelson and Sommers, 1980; Isaac and Johnson, 1976; Jones, 1991 and Wright and 

Wilkinson, 1993).  This method quantitatively determine NH4 and protein N in plant tissues 

based on the wet oxidation of organic matter using H2SO4 and a digestion catalyst (Isaac and 

Johnson, 1976). Dumas devised a method for total N, using combustion. The development of 

automated N analyzer technique which utilizes combustion for N determinations, in the last 

10 years has begun to replace the Kjeldahl digestion method (McGeehan and Naylor, 1988; 

Hansen, 1989; Schmitter and Rihns, 1989). Nitrogen analyzers using combustion are 

typically less labor and chemically intensive than the Kjeldahl method (Horneck and Miller, 

1998). However, Kjeldahl procedure is the official method of the American Association of 

Official Cereal Chemists (Anonymous, 1987) and the Association of Official Analytical 

Chemists (Helrich, 1995) for the N determination. The Kjeldahl method has been one of the 

more used method for the determination of nitrogen content in samples of vegetable origin 

(Peggs et al., 1995 and  Picarelli et al.,  1995). The Micro-Kjeldahl method is used to assess 

plant N-sufficiency levels to estimate fertilizer needs (Chapman and Pratt, 1961). However, 

this method does not quantitatively recover N from heterocylic rings (such as nicotinic acid) 

or from oxidized forms such as NO3 and NO2. On the other hands the automated combustion 

method quantitatively determines the amount of N in all forms (NH4-NO3, protein and 

heterocyclic N) in plant tissues using an induction furnace and a thermal conductivity 

detector ((McGeehan and Naylor, 1988; Hansen, 1989 and Schmitter and Rihns, 1989). The 
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ammonium nitrogen in the plant tissue can be determined by using Berthelot method on the 

TRAACS 800TM Auto Analyzer, a third generation auto analyzer (Tel and Heseltine, 1990).  

In addition, plant N concentration can also be directly determined by chlorophyll meter which 

is rapid and non-destructive method (Schepers et al., 1998). Hevia and Cioccia (1998) and 

Cioccia et al., (1995) devised an alternative techniques which uses colorimetric determination 

of ammonia (NH3) in digested samples (Chaney and Marbach, 1962) of several food 

products. The chloride in plant tissue can be determined by using the colorimetric method on 

the TRAACS 800TM AutoAnalyzer (Tel and Heseltine, 1990). The majority of Cl is present 

in ionic form in plant tissue therefore it should quantitatively extracted with water or diluted 

acid or diluted salts (Gaines et al., 1984). Mo can also determined by various colorimetric 

methods (Perrin, 1946; Bingley, 1961; Gupta and MacKay, 1965). These methods are highly 

effective for determining the Mo in samples with high Mo values (>1 mg/Kg). Since the 

dithiol colorimetric method as modified by Gupta and MacKay (1965) which is simple, 

accurate, and inexpensive method suitable for the determination of low levels of Mo in plant 

tissues. However, the relationship between leaf chlorophyll content and N concentration is 

not universal for all crops or across cultivars, it is quite difficult to calibrate chlorophyll 

meters directly in terms of N concentration (Schepers et al., 1992a).  In spite of these 

limitations, chlorophyll meters provide a good comparison of N status between plants of 

given cultivars (Wood et al.,1992). It has also unique application where crop continue to take 

up N without proportional increase in plant growth (i.e. luxury consumption) (Schepers et al., 

1992b). 

 

Ion-Selective Electrode Method 

The extractable nitrate in the plant tissue can be semi-quantifies by Ion-Selective Electrode 

Method by extraction with an aluminum sulfate [Al2 (SO4)3] solution (Baker and Smith, 

1969; Milham et al., 1970; Mills, 1980 and Baker and Thompson, 1992). The ISE determines 

NO3-N by measuring an electrical potential developed across a thin layer of water immiscible 

liquid or gel ion exchanger that is selective for NO3 ions. The method has been used 

primarily to determine NO3-N for assessing plant N fertility (Johnson and Ulrich, 1959; 

Chapman and Pratt, 1961 and Maples et al., 1990). An ion-selective electrode was used to 

determine nitrate in vegetables such as carrot, wild endive, chicory, spinach, parsley, and 

celery after extraction with 0.01M CuS04 in which this method was proved to be sufficiently 

accurate and precise (Consalteri et al.,  1992). A research was conducted to determine 
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calcium, potassium, and nitrate in plant nutrient solutions using ion-selective electrodes in 

hydroponic greenhouse of some vegetables (cucumber and tomato) (Vardar et al., 2015).  

 

Diagnosis and Recommendation Integrated System (DRIS) 

A comparison is made between the chemical concentration of nutrient present in leaf tissues 

with reference values (critical concentrations or sufficiency ranges). Higher or lower 

concentration of nutrient than optimum range may be associated with decreasing vegetative 

growth, yield, quality and/or some other types of disorders and deformities. DRIS method 

intended to isolate deficiency or excess values, without measuring the overall nutritional 

balance. The DRIS method uses nutrient ratios instead of absolute and/or individual nutrient 

concentrations for interpretation of tissue analysis which was first developed and proposed by 

Beaufils (1957, 1971, 1973) for rubber trees (Hevea brasiliensis). Soon after the initial 

proposed of DRIS norms for leaf analysis interpretation, further ones were developed for 

other agricultural, forest and horticultural crops. United States, Canada and China being 

adopted it as a part of representative diagnosis in selected areas (Lopes, 1998; Hallmark & 

Beverly, 1991; Walworth & Sumner, 1987). It expresses the results of plant nutritional 

diagnosis through indices, which represent, in a continuous numeric scale, the effect of each 

nutrient in the nutritional balance of the plant. These indices are expressed by positive or 

negative values, which indicate that the referred nutrient is in an excess or deficiency, 

respectively. The closer to zero are the indices for all the nutrients, the closer will be the plant 

to the adequate nutritional balance (Beverly, 1991; Walworth & Sumner, 1987). In general, it 

has some advantages over other diagnosis methods: presents continuous scale and easy 

interpretation; allows nutrient classification (from the most deficient up to the most 

excessive); can detect cases of yield limiting due to nutrient unbalance, even when none of 

the nutrients is below the critical level; and finally, allows to diagnose the total plant 

nutritional balance, through an unbalance index (Baldock & Schulte, 1996). In addition to 

this, other advantage of DRIS, acknowledged by some authors but rebuted by others, is that, 

overall, it is less sensitive to tissue aging in comparison to others because tissue aging 

influence the nutrient concentration (nutrient content/ dry matter) in which several examples 

are reported in the literature, including studies in alfalfa, potato, corn, peach, and many other 

agricultural and horticultural crop species (Walworth & Sumner, 1987).  
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Other Miscellaneous Methods 

Nuclear Magnetic Resonance technology is also employed to determine the concentration of 

phosphorous in phosphate plants (Shoniker et al., 1998). Ammonium may be determined by 

distillation into boric acid (6B03) and titration (Bremner and Keeney, 1965; Jones, 1991), 

spectrophotometric measurement (Smith, 1980; Baethegen and Alley, 1989), specific ion 

electrode (Breinner and Tabatabai, 1972; Eastin, 1976 and Powers et al., 1981), or diffusion 

conductivity (Carlson, 1978). Various methods have been developed for the determination of 

total sulfur (S) in plant tissue, with different combination of converting the entire S to one 

form before final quantification (Beaton et al., 1968). In some cases, the conversion and 

quantification can be done through single instrument (e.g. commercially available S analyzers 

based on dry ashing) or can be determined without physical conversion by direct atomic 

methods (e.g. X-ray or neutron activation) (Watson and Isaac, 1990). The method of separate 

conversion and quantification based either on barium precipitation or as the sulfide after 

reduction by hydriodic acid reagent. A study was conducted to determine the Nitrate in six 

most commonly consumed leaf vegetables (mint, lettuce, savoy, cabbage, stinging nettle, 

parsley and cress) by flow injection analysis with Potentiometric Detection (Andac et al.,  

2011).  

 

Conclusion 

Plant tissue analysis plays a major role to determine the mineral nutrients concentration in 

plants at the time of sampling whether for research purpose or for solving farmer's problems 

practically.  It helps to diagnose the deficiency and toxicity of particular mineral element at 

particular growth stage of plants before the appearance of visual symptoms. Thus it helps to 

estimate the balance dose of fertilizer with respect to plant requirement. Various types of 

qualitative and quantitative techniques have been developed for plant tissue analysis of 

horticultural crops. Atomic absorption spectrometry (AAS), Inductively coupled plasma 

atomic emission spectrometry (ICP-AES), inductively coupled plasma mass spectrometry 

(ICP-MS), inductively couple plasma- optical emission spectrometry (ICP-OES), Flame 

emission spectrophotometry etc. are widely used destructive techniques used for plant tissue 

analysis. Atomic absorption spectrometry is most commonly used destructive technique for 

the determination of several mineral elements such as nitrogen (N), phosphorous (P), 

potassium (K),  calcium (Ca), sodium (Na),  copper (Cu), iron (Fe), magnesium (Mg), 

manganese (Mn), zinc (Zn) and boron (B). Other non destructive techniques such as DRIS 

and colorimetric method are also employed to determine the mineral nutrient concentration in 
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plant tissue. But all techniques may not work effectively to determine all types of mineral 

nutrients in plant tissue. 
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