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Plant nutritionists across the globe are on their toes to find ways 
and means to identify nutrient constraints as early in standing crop 
season as possible while dealing with perennial crops. Exciting progress 
has been made over the years, and accordingly, the basis of nutrient 
management strategy has experienced many paradigm shifts [1]. While 
doing so, it is being increasingly felt to have some diagnostic tool to 
identify nutrient constraint as and when it originates by capturing the 
signals released at sub-cellular level. On the other hand, conventionally 
used diagnostic tools of identifying nutrient constraints such as leaf 
analysis [2,3], soil analysis [4-6], juice analysis [7], and to some extent, 
metalloenzyme-based biochemical analysis [8], all have been under 
continuous use and refinement. But despite so much of genuine efforts 
worldwide, no one of these alone provides complete information, 
except the combined use of leaf and soil analysis, which are used on a 
comparatively wider scale [9-12]. Establishment of absolute figures of 
normal, deficient or excess nutrient level is not real, unless the dynamic 
aspect of leaf nutrient concentration is considered, especially when 
various nutrients interactions produce resonance within close space 
of tissue composition. Tertiary diagrams and nutrient ratios are early 
representation of interacting nutrients in the tissue compositional 
space [13]. 

Productivity of the plant depends essentially on the nutrient balance 
and the biological activity. There are definite limitations with the leaf 
analysis application which is largely dependent upon composition of 
index leaves or any other plant parts. On the other hand, overlapping 
phenotypic symptoms of plants deficient in N, S or Fe accompanied 
by lowered chlorophyll concentration makes the distinction between 
nutrients most often very difficult. Mechanistically, Fe and S are highly 
reactive components of many enzymes, and form active electron 
transfer agents like Fe2S2, Fe3S4 or Fe4S4 clusters in form of thioredoxin/
ferredoxin reductase, ferredoxin-nitrite reductase, sulfite reductase, 
acotinase, succinate, phosphogluconate dehydrogenase to serve as 
sensors of oxidative stress [14]. Other example of Fe-deficiency showing 
typical chlorosis pattern due to interrupted chlorophyll synthesis 
may be cited, even though chlorophyll chelates Mg rather than Fe. 
Nutrient deficiency, thus, involves degradative changes in chloroplast 
components and additional cellular compartments. In the light of this 
information, an integrative physiological approach was suggested [15]. 
For example, the use of the peroxidase in the diagnosis of Fe- and 
Mn-deficiencies 8 prompted checking the utility of the method for 
citrus cultivars grown on differentially fertile soils. Parallel to what 
was observed with peroxidase, catalase, and aconitase reduced their 
levels of activity with Fe-deficiency and increased with Mn-deficiency, 
facilitated to establish the possibility of using the latter enzyme as an 
alternative mean of diagnosing Fe- and Mn-deficiencies [16]. In the 
early diagnosis of mineral deficiencies in lemon trees, aconitase has 
proved as precise as peroxidase, a specific Fe-metalloenzyme or even 
more so [17]. 

Studies [18] have shown that nutritional status of the responsive 
tissues transmits signals as a regulator of gene expression and at times, 
that can become a limiting factor in the process of plant development. 
There are other interesting improvements such as the determination of 
the nutrient evolution along the vegetative cycle, the substitution of the 

critical levels by the critical zone, fractionating the nutrient contents 
(especially the biologically active ones), and finally implementing 
the biochemical diagnosis. For the latter, the use of activities of 
specific enzymatic systems and also of metabolites concerned with 
photosynthesis has a good potential to improve the accuracy of nutrient 
constraint diagnosis over other conventional diagnostics. Many studies 
[19,8] suggested that the levels of enzymatic activity could be effectively 
used as an alternative diagnostic tool to leaf analysis. 

Not surprisingly, proximal sensing through spectral signatures of 
crop canopies in the field are more complex and often quite dissimilar 
from those of single green leaves measured under carefully controlled 
conditions. Even when leaf spectral properties remain relatively 
constant throughout the season, canopy spectra change dynamically 
depending upon variation in soil type, vegetation, and architectural 
arrangement of plant components. Vegetation indices provide a very 
simple yet elegant method for extracting the green plant quantity signal 
from complex canopy spectra. Narrower band indices such as the 
photochemical reflectance index, water band index, and normalized 
pigment chlorophyll ratio index are examples of reflectance indices 
that are correlated with certain physiological plant responses, and have 
promise for diagnosing water and nutrient stress [20]. Such studies 
hold promise for nutrient like nitrogen. Ironically, micronutrient 
deficiencies are diagnosed through specific pattern of chlorosis, e.g., 
Fe versus Mn or Fe/Mn versus Zn backed up by nutrient concentration 
[21,22] capturing symptomatic pattern of chlorosis via spectral norms 
(signatures) irrespective of crop species further limit this concept 
towards more wider application . 

Functional analysis of the nutrients is, thus, based on the 
examination of certain molecular compounds linked with their 
functional activity. Plants possess enzymatic and non-enzymatic 
antioxidants in order to scavenge reactive oxygen species accumulated 
on account of nutrient stress. The enzyme antioxidants are superoxide 
dismutase, catalase, guaiacol per oxidase, glutathione peroxidase, 
ascorbate peroxidase, glutathione reductase, dehydroascorbate 
reductase and monodehydroascorbate reductase, while non-enzymatic 
antioxidants include reduced glutathione and ascorbate [23]. 
Application of nutrients like N, K, Ca, and Mg reduce the toxicity of 
reactive oxygen species by increasing the concentration of antioxidants 
like superoxide dismutase; Catalase, and peroxidise in plant cells. 
These antioxidants scavenge the reactive oxygen species and reduce the 
photo-oxidation and maintain the integrity of chloroplast membrane 
for improved photosynthetic efficiency [24]. 
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Specific nutrient-signalling pathways, such as Pi-signalling, 
and their regulatory systems in plants have been revealed, making it 
feasible to modify some key regulators(s) to enhance the uptake and 
use efficiency of the nutrient using functional genomics termed as 
plant nutriomics [25]. Nutrient mobility in the phloem from the leaves 
to the fruits and from the older to the younger fruits is reported in 
perennial crop like banana [26]. This will enable us to elucidate the 
functions and interactions of plant nutrients at the molecular, cellular, 
organ and even whole plant levels. Considering the thumping success 
of trunk nutrition, won’t it be more advisable to analyse the xylem sap 
or phloem tissue for chemical and microbial constituents since the 
signal transduction for various nutrients functioning mediate through 
these tissues only. Such attempts could provide some meaningful clues 
about the presence or absence of those signals to be later utilized in 
understanding the underlying principles of nutrient stress induced 
warning mechanism. These studies could lay the solid foundation for 
developing some probe linked to transpiration stream of plant to act as 
early warning system for identifying deficiencies of various nutrients. 
In this regard, functioning of nutrients linked through metalloenzymes 
and enzyme antioxidants would be the target areas to uphold such 
novel possibilities.
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