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Abstract

Increasing the yield and improving the quality of agricultural crops play important roles in the country's
food security. Assessing soil fertility and making optimal fertilizer recommendations require diagnosing
the nutritional status of plants. Leaf analysis and interpretation of its results is a suitable method for
determining the nutritional balance of orchards and agricultural fields. Various methods exist for
interpreting leaf analysis results; this article investigates several, including the critical level (CL),
diagnosis and recommendation integrated system (DRIS), deviation from optimum percentage (DOP),
compositional nutrient diagnosis (CND), and the imaging and spectroscopy method. The study results
showed that each method has its own advantages and disadvantages. Although DRIS addresses the
shortcomings of the CL method, DOP is a simpler and easier method compared to the more
comprehensive DRIS for interpreting leaf analysis results. The CND method is more comprehensive
than the others because it considers the mutual effects of all nutrients. With technological advancements,
imaging and spectroscopic methods in the visible and near-infrared regions (Vis-NIR) are now used to
determine the nutritional status of plants and prevent yield reduction. This method is inexpensive, fast,
and non-destructive, as it does not require chemical analysis, and is applicable to large areas and large-
scale management. In general, choosing a suitable method to determine the nutritional status of crops
and orchards can contribute to increase the efficiency of fertilizer use, improve agricultural yields, and
food security.
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Table 1. Essential nutrients for plant growth

Group Elements Symbol  Source Function in Plants
H():/erzzr;n E ;’r\]/g}grr Constituent of organic compounds in plants
Oxygen 0 air
Major component of proteins, hormones, chlorophyll,
Nitrogen N vitamins and enzymes, genetic material (hucleic acids), and
essential for vegetative growth
Macronutrients/ As a component of A‘_rP gnd ess_enti_al for_aII energy-
primary nutrient consuming processes, major ingredient in amino acids and a
Phosphorus P component of the cell membrane, phospholipids, RNA, and
Soil DNA, involved in seed germination, photosynthesis, protein
formation, and flower and fruit formation
Formation of sugars and starch in the plant, enzymes
activation, protein synthesis, protection of electrical
Potassium K potential gradients in cell membranes, anion-cation balance,
turgor regulation, and osmotic regulation, regulating the
opening and closing of stomata and photosynthesis
Important structural component of cell walls, necessary for
Calcium Ca cell growth and division, and influences water movement in
cells
The central atom in the chlorophyll molecule, essential for
Macronutrients/ Magnesium Mg photosynthesis and formation of carbohydrates, involved in
secondary Soil enzymatic reactions and assists in generation of energy
nutrients . . . .
Structural component of protein (amino acids cysteine and
methionine), plasma membrane (sulpholipid), Co-enzimes
Sulfur S (biotin, thiamine and lipoic acid), and isothiocyanate
(Aromatic oils that give odors in cabbage and onion families
of plants)
Chlorophyll development, electron transfer within the plant,
Iron Fe plant respiration, and nitrogen fixation, constituent of
certain enzymes and proteins
Manganese Mn Photosynthesis and respira;ion, activat_ing enzymes, sugar
and protein synthensis
Micronutrients/ _ Constituent of some enzymes, carbonic anhydras_e, alcohol
trace elements Zinc Zn Soil dehydrogenase, phospholipase, carboxy_ peptldase_,
phosphatase, and RNA polymerase, auxin synthesis
Involved in many physiological processes such as
Copper Cu photosynthesis, respiration, protection against oxidative
stress, cell wall lignification, and ethylene perception
Boron B Cell wall formation, membrane integrity, translocation of

sugars, cell division and germination of pollen grains
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Important role in photosynthesis, anion-cation balance,

Chlorine Cl

opening of stomata, required for optimal enzyme activity of

asparagine synthethase, amylase, and ATPase

Component of nitrate-reductase and nitrogenase enzymes,

Molybdenum Mo

Nickel Ni

ureide synthesis and purine catabolism in plants, oxidation—

reduction reactions

Function of urease (the sole nickel-specific enzyme),

nitrogen-fixing symbionts through hydrogenase enzyme
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Table 2. Range of nutrient concentrations in crop plants and form available to plants

Remarks Element Atomic Range OT Mean Of Form available to plants
weight concentration concentration
N 14.01 05-6.0% 4.0% NHf — NO3
P 30.98 0.15-0.5% 0.5% H,P0, — HPO,%~
. K 39.10 0.8-8.0% 4.0% K*
Essential
macronutrients
Ca 40.08 0.1-6.0% 1% Ca?*
Mg 24.32 0.05-1.0% 0.5% Mg?*
S 32.07 01-15% 0.5% SO4*
Fe 55.85 20 — 600 ppm 200 ppm Fe2*
Mn 54.94 10 — 600 ppm 200 ppm Mn?*
Zn 65.38 10 - 250 ppm 30 ppm Zn2*
Essential 2
micronutrients Cu 63.54 2-50 ppm 10 ppm Cut — Cu?*
B 10.82 0.2 - 800 ppm 60 ppm H2BOs - H2BOs
Mo 95.95 0.1-10 ppm 2 ppm MoOs*
Cl 35.46 10 - 8000 ppm 3000 ppm Cl-
C 12.01 40 % CO2
Essential But o o
Not Applied H 1.01 80 - 100 % 6 % H20
0 16.00 40 % 0O2-H20
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Figure 1. Relationship between nutrient concentration in plant and crop yield
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Null @)

Negative, with low probability (nz)

Negative, with higher probability (n)
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Table 4. Evaluation of the nutritional status of crops and garden products in Iran by CND method

Crop Nutrient requirement rank Reference
Sugar beet - (Daryashenas & Saghafi, 2011)
Orange Mg>Zn>Fe>Ca>Cu>Mn>N>P>B>K (Chakerolhosseini et al., 2016)

Khodabande vineyards
Squash (Lagenaria Vulgaris)

Orange (Citrus sinensis cv.)
East Azarbaijan vineyards

Zn>B>Cu>K>Fe>N>Mn>P
Zn>Fe>B>Cu>Mn and K>P>N>Mg>Ca

Cu>Zn>B>Mn>Fe and K>P>Mg>N>Ca
Zn>Cu>B>Mn and P>Mg>K>N>Ca

(Taheri, 2017)
(Sharifmand et al., 2018)

(Basirat et al., 2019)
(Mostashari et al., 2020)

Oily: Fe>B>Mn>Cu>Zn>P>N>Rd>k
Yellow: Rd>Fe>Mn>Zn>N>P>B>Cu>k

Grape varieties

Shenge: Cu>Zn>B>Mn>Rd>Fe>N>K>P

(Taheri et al., 2020)

Manzanilla: Zn>Cu>Mn>B>Rd>Fe>K>P>N

Olive
Apple (Domestica Borkh)

Hazelnut

Grape
Tomato
Quince (Cydonia oblonga Mill.)

Sugar beet

Zn>B>Mn>Cu and Ca>Mg>N>P>K
P>N>Mn>Zn>Ca>Cu>Mg>K>Fe

Zn>Fe>Cu>Mn and Mg>P>N>K>Ca

K>Mn>Fe>N >Mg=2Zn>Cu>Ca>B>P
K>N>B>Zn>Fe>Cu>P>Mg>Ca>Mn
Fe>Zn>Cu>B>Mn and K>N>P>Ca>Mg

Mn> Zn >Cu>B and Mg>P>N>K

(Vahedi et al., 2020)
(Zandi et al., 2021)

(Mohasses Mostashari et al., 2022)

(Motalebifard, 2022)
(Zolfi Bavariani et al., 2022)
(Gandomkar et al., 2023)

(Ghaderi et al., 2023)
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Table 5. Some research on the analysis of nutrients based on Vis-NIR spectroscopy in different plants

RS €5 @ paie Ty Job &

Plant Species Nutrient A (nm) References

Pear N, P, K 900-1700 (Jin et al., 2022)
Potato N 350-2500 (Abutaleb & Aboud, 2021)
Sorghum N 546-1700 (Zwiener et al., 2021)
Soybean P, K, Mg, S, Zn 350-2500 (Rodrigues et al., 2020)
Sugarcane N, P, K 220-1400 (Wang et al., 2019)
Rice N,P, S 350-2500 (Mahajan et al., 2017)
Maize N 350-1050 (Ramachandiran et al., 2016)
Wheat N, P, K, S 350-2500 (Mahajan et al., 2014)
Oil seed rape N, P, K 810-1500 (Zhang et al., 2013)
Lettuce N, P, K, Mg, Ca 350-1050 (Pacumbaba Jr and Beyl, 2011)
Orange N, P, K 400-1000 (Menesatti et al., 2010)
Straw K, Na, Ca, Mg, Fe 400-2500 (Huang et al., 2009)
Wood plants N, P, Ca 1100-2500 (Petisco et al., 2005)
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Figure 6. Average reflectance spectra of nitrogen (A), potassium (B), and phosphorus (C)
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