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ABSTRACT 

 

Present study was conducted at Balochistan Agriculture College, Quetta, 
Pakistan during 2013-14. Abiotic and biotic stresses cause suboptimal growth 
by affecting plant genomic stability that results in low yield. Processes such as 
morphogenesis, osmoregulation and signal transduction pathways, under 
stress conditions are regulated by second messengers viz. RDS, MARKS and 
Ca

+2
.Calcium binding proteins include calmodulin B-like protein, and each 

plays essential role against various abiotic stresses. Soil parental material 
serves as the major source of plant and animal mineral nutrients. Microbes 
exude organic acids responsible for weathering of minerals thereby increasing 
soil fertility. Silica (SiO2) and Calcium ferro magnesium are fundamental 
components of parental material. N, P, K, and S furnished by organic and 
inorganic fertilizers help maintain microbial activities. Exudates of living roots 
like protons (H

+
), OH

-
 ions, sugars, carbonate ion, water insoluble 

polysaccharides form mucilage that are accompanied with microbes, 
surrounds root surfaces beside enriching rhizosphere. Soil micro flora in 
addition to causing animal decomposition, humus formation, ammonification, 
nitrification, de-nitrification, cellulose degradation take part in recycling of C, N, 
O, P and S. Soil-Plant-Microbe interaction modify plant microbe and soil 
biochemistry which causes morphological interaction and functional capability. 
Accurate data on microbe relationship to crop yield may be obtained by 
developing more understanding about microbes. Data on quantitative analysis 
of second messengers, parent material, micro-organisms, nutrients and 
modeling of metabolic pathways can be obtained through Fluorescence 
Microscopy and Magnetic Resonance Imaging (NMR) Technologies.  
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INTRODUCTION 
 

The major variation in soil types and biochemistry is influenced by biotic and 
abiotic factor such as types of vegetation, parent materials, topography, 
altitude, and landscape position (46, 13). Abiotic and biotic stresses create 
suboptimal growth condition in plants leading to worldwide decline in yield of 
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cultivated crops. It is predicted that this problem will become more severe in 
future, as climatic changes will cause more abiotic stresses due to increase in 
temperature and drought, whereas  demand for plants to feed the world 
population for food, fodder, fuel and bio-energy is increasing. This situation 
could be handled by developing appropriate breeding strategies targeting 
adaptation and making crop stress tolerance as the major goal for plant bio-
technology research. Abiotic stresses response in plants lead to generation of 
cytosolic Ca2+ elevations with specific dynamics that encode specific genes 
signals in transportation of Ca2+ into vacuole under stress conditions. 
 

Genomic stability is dependent on cell growth and differentiation in 
connection with integrity to environmental stresses. Under stress conditions, 
second messengers play an important role in plant system to induce gene for 
morphogenesis, osmoregulation and signal transduction. ROS, MAPKs and 
Ca+2 are important hydrophilic second messengers, contributing in regulation 
of morphogenesis, in plant ROP GTPases lead to hormone signaling (63). 
 

Recent advancement in molecular biology have shown that Ca2+ acts as a 
second messenger in plant cell coupling response to environmental factors to 
stimulate the plant function that leads to numerous plant signal transduction 
pathways, decoded by calcium binding proteins functioning as calcium 
sensors (48; 64.49). These proteins include calmodulin (69; 58, 39) Kinases, 
(28; 55) and B-like proteins (CBL) (39). Each group of protein plays an 
important role against diverse type of abiotic stresses encoded by multiple 
gene families (2; 15; 67; 24; 25; 27; 37).  
 

Crop management practices and existing mineral parent material play an 
important role in changing the soil structure and chemistry.  Changes in land 
use resulting variation in soil biological components (51). Agronomic practices 
such as irrigation, tillage, crop rotations and the fertilizers application 
(inorganic and organic) affect population and diversity of soil organisms ( 39), 
which later on bring big variation in soil structure and soil chemistry via 
activities of  compounds generated by soil micro-organisms and chemicals 
leaked from plant roots and residues resulting in further hardening of parent 
materials, alterations in the mineral nutrient content and soil structure (3; 66; 
40; 9). It has been reported by Bada and Lazcano (5) that the formation of 
macromolecules that catalyze their own replication is assisted by clays, 
metals, imidazole derivatives and polymerization. 
 

Soil parent material 
 

On the basis of mode of origin parent material is classified into igneous, 
sedimentary, metamorphic and unconsolidated. Parent material is the major 
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source of plant and animal mineral nutrients such as N, P, K, C, H, S, Fe, Ca,  
Mn, Mg, , B Cu, Zn, Mo, Na, Se, F and I which are required for their growth 
and development. The quality of soil is determined by types of soil parent 
materials and is an important controlling factor of soil properties at most of the 
locations, being one of the five factors involved in soil formation, along with 
climate, topography, organic matter, and time (7). It continuously provides the 
nutrients element supplies released via errosion and affect the balance 
between loss of nutrients and retention (3). It has been investigated by 
Anderson (3) that root exudates and organic acids produced by plants and 
microorganisms promote the seasoning of minerals and the liberation of 
nutrients which are possibly stored in organic cycles or as polar compounds 
adsorbed to organic matter and clay. 
 

The most important factor for classification of parent material is its chemical 
composition based on silica content (SiO2) and calcium-fero magnesium 
content (Ca, Fe, and Mg oxides). Both contents have an inverse relationship 
with each other, i.e. if silica content increases the calcium-fero magnesium 
content decreases and vice versa. 
 

It has been reported by Olowolafe (47) that basalt and volcanic ash derived 
soils have relatively deeper profiles, lower bulk density, higher contents of 
clay, organic matter, exchangeable bases, micro-nutrients ( Cu and Zn) and 
weatherable minerals (41, 26), manifests the importance of material of origin 
on the lineaments of Cu and Co in the soil in South East Scotland where a 
classification by material of origin meant for a huge part of the diversification 
of the instantly extractable cobalt and copper in the specimen. 
 

Many studies have shown that 99% of world’s soils derived from mineral 
based on parent material resulting from weathering of bed rock via physical 
disintegration and chemical decomposition; while soils derived from organic 
parent material depend upon the environments such as marshes, bogs and 
wetlands where organic matter accumulates faster than it decomposes. 
Weathering of bed rocks provides inorganic macro and micro-nutrients during 
most of soil formation process. It consists largely of mineral particles with vast 
variation in their physical and chemical properties depending on the parent 
materials and conditions under which soil was formed (10). As minerals and 
rocks weather, they form sand, silt and clay (soil texture). The inorganic 
fraction of soil determines the soil texture and has great effect on structure 
and chemistry of the soils. The nutrient availability for plants and organism in 
soil ecosystem depends upon the type of rock that forms the parent materials.  
 
Chemical status of the soil and continuous availability of plant nutrients are 
determined by chemical erosion of soil minerals, a continuous and dynamic 
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geochemical process enhancing the supply of base cat-ions.  The ecosystem 
of the soil varies due to variation in mineral composition of parent material 
and its chemical properties. 
 
Soil texture also plays an important role in chemical and biological properties 
of soil while creating a suitable habitat for soil organisms. As soil form, small 
particles (clay) are found nearest the ground surface (rhizosphere) and 
particle size increases proportionally with the depth of the bed rock (31).The 
majority of the nutrient cycling, roots and biological activity are isolated to the 
top 20 to 30 cm, called the rhizosphere, which represents a close relationship 
among, soil, soil organisms and plants (16). Clay soil provides anaerobic 
environments for soil organisms microbial and other forms of metabolisms 
utilize oxygen in the soil.  A direct result of this metabolism is the production 
of carbon dioxide as a by-product of microbial metabolism (30). 
 
Crop management practices 
 
Crop management practices such as crop rotation (12), green manuring (32), 
tillage (67), irrigation, application of organic or inorganic fertilizers (45) and 
plant protection practices could have significant effects on the soil microbial 
activities and processes. Application of inorganic and organic fertilizers 
provides N, P, K, and S for continuing microbial activities in soil to 
decompose the organic matter. Deficiency of these elements in the initial 
stage of decomposition inhibits growth of microbes (8). In many studies it has 
been reported that addition to fertilizers in most cases, enhances porosity, 
infiltration capacity, hydraulic conductivity and water stable aggregation and 
decreases bulk density which influences the soil structure. Formation of Al 
and Ca phosphate react as binding agents which favours aggregation when 
phosphatic fertilizers and phosphoric acid are added to soil whilst addition of 
high concentration of fertilizers NH+ favours the dispersion of clay colloids 
(29). The relationship between biodiversity and soil function in particularly 
how plants secondary metabolites and fertilizers might interact with micro-
organism communities dynamics in soils are unknown under abiotic stress 
conditions. It is mandatory to investigate the relationship between soil bio-
diversity at community level impact on soil structure and complex function 
and these constraints can be interpreted using chemical fingerprinting 
techniques (5). 
 
Crops 

 
Crop roots are the major source of secondary metabolites in rhizosphere 
resulting in an increase in microbial activities. Most of the chemicals in 
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rhizosphere are root exudates or chemicals released from cells that have 
escaped from living roots, decomposing cells or metabolically controlled by 
transport processes in the roots. These exudates consist of water-soluble 
sugars to include sucrose, water-insoluble polysaccharides converted into 
mucilage, protons and hydroxyl ions, nitrogen-containing compound such as 
amino acids and carboxlic anions  (42).  In addition to this, exudates are also 
composed of a large range of secondary metabolites to include both low to 
high molecular weight compounds. 
 
Mucilage and microorganism  surround the roots surface (21), and dried soil 
binds it very tightly (65). Primarily root cap cells produce mucilage which later 
on by extension of root is converted into complex polysaccharides with 
charged carboxyl groups, neutral sugars, proteins, and phenolics, based on 
the variation in crop species (44). The relationships of these secondary 
metabolites in relation to plant types, parent materials, and microbial 
communities are complex and need to be investigated.  
 
Microbial activities in rhizosphere 
 
Microbial activities of the soil microorganisms are controlled by either intrinsic 
factors such as persistence mechanism, size, motility, structural feature 
(stalk, holdfasts and filament) and biochemical capacities or extrinsic factors 
such as soil structure, atmosphere, water, pH, temperature, soil reduction-
oxidation potential, solar radiation wind and relative humidity and types of 
vegetation. It has been reported by Smith (57) that microbial biomass plays a 
very important role in soil nutrient cycling. It has been reported that there is a 
strong positive correlation between nutrient concentration in the microbial 
biomass and quantity of mineral nutrients in the soil (17, 57), denoting that 
nutrient cycling in organic resources is associated with the turnover of 
microbial biomass. The micro-flora such as chemosynthetic and autotrophic 
bacteria, cyano bacteria, fungi actinomycetes are well known for their role in 
increasing soil fertility (4). The formation of humus and humic acid from 
agricultural waste decomposition, nitrogen cycle, degradation of cellulose and 
hemicellulose not only facilitate the plants growth by providing bed but also 
maintain the chemical and physical properties of soil.  Recycling process of 
different minerals in ecosystem is based upon the soil micro-organism. The 
metabolic activities of plants produced metabolites for microbe to harbor in 
the soil and to maintain the soil fertility by providing natural balance of 
nutrients, thus create a balance condition of nutrient for plant growth and 
development. The micro-flora through their synergetic, a-symbiotic, 
commensalism and antagonistic relationship help maintain soil fertility. 
Organic compounds such as phenol, toluene plus other compounds to 
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include: pesticides and herbicides which are present in soil due to intense 
farming systems are oxidized by bacteria. Agronomical practices such as 
tillage, irrigation and fertilizer application influence on the size and diversity of 
soil micro-flora, which in turn, affects the soil quality for farming (1). Soil is 
proposed as a representative of environment quality and economic value. 
Therefore soil would consider being an ideal indicator of sustainable land 
management (20, 11). Indeed soil quality has been adapted as an indicator of 
sustainable land management, still there is a lack of knowledge regarding 
management of land on long live duration. Land management practices 
require a balance sheet of soil chemical and physical properties, which 
provides foundation for land management (38, 31). Soil quality and quantity is 
maintained by the interaction of micro-organism, plants and soil (31, 4 and 
59). In this association the interaction between host and microbe are 
determined by a permanent interaction that creates changes in microbe, plant 
and soil status, which leads to culminate in morphological interaction and 
functional capability of soil. Both of these are the functional prerequisite for 
soil, soil microorganism, such as chemosynthesis bacteria and fungi (4, 59, 
33) improve the soil characteristic through their metabolic activities under 
different environmental conditions.  Understanding the behavior of these 
microbes may provide sound data of their habitats and their relationship with 
crop production.  Currently the challenge is to establish a sustainable 
productive soil for crop production by using the natural resilience of soil. 
 
Primary metabolites have magnetic isotopes which are detectable by NMR 
with the exception of sulphur, the resulting signals can be used to recognize 
metabolites (22, 19) and analyze the root exudates of iron –stressed barley 
plants using multinuclear or multidimensional nuclear magnetic resonance 
(NMR). Bacterial Flavonoids and Nucleosides in long term wheat – legume 
cropping sequence with organic farming were identified by Phillips et al. (50) 
using the1H-NMR and 13C-NMR techniques. 
 
Technologies applicable for quantitative analysis of second 
messengers, parent material, microorganism, mineral and modeling of 
metabolic pathway 
 

It is very difficult task to utilize correct devices to quantify all factors involved 
in plant, soil and environmental relationship for sustainable agriculture 
production. Indeed in modern era there is much advancement in 
technologies, which open the doors for every type of region to build up 
strategies to feed world population and make sure the availability of 
agriculture product under climatic change by evaluating all factors involved in 
production theory. 
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For quantitative analysis of second messengers, parent material, 
microorganism, mineral and modeling of metabolic pathway the following 
tools are available in the market. 
 

Fluorescence microscopy 
 

Fluorescence microscopy plays a vital role to monitor transport of ions, a 
mechanism implicated in a multitude of signaling processes in plants (54). 
Confocal and two photon microscopy can be used for detection of three 
dimensional (3D) structures to visualize the gene expression or protein 
transport in intact specimen (23, 35). Protein fragment complementation 
assay (PCA) can be used for screening of protein-protein interaction in 
protoplasts transformed by electroporation with plasmid DNA carrying gene 
fusion (61). These advancements in microscopy play an important role for 
characterization of surface and subsurface fruit’s characteristics in quality 
assessment (62). In response to abiotic stresses, plants accumulate 
secondary metabolites that encode signals plant cell death. In order to 
analyze these second messengers, finger printing with fluorescence 
spectroscopy becomes a powerful technique (14, 61, 6). 
 

Magnetic resonance spectroscopy 
 

Nuclear magnetic resonance (NMR) spectroscopy is a versatile technique for 
investigation of plant metabolism (52). It has been described by Roberts and 
Xia (53), Shachar-Hill and Pfeffer (56) that plant tissues can be recorded and 
interpreted by NMR spectra to analyze the metabolic activities.  
 

Correlation peak imaging has been utilized for mapping the tissue distribution 
of carbohydrates and amino acids in hypocotyls of castor bean seedlings that 
allows the detection of secondary metabolites present at very low 
concentrations (43). 
 

Florescence microscopy, NMR and PET spectroscopy can be used to 
visualize transport processes in plants with sufficient special and temporal 
resolution to study the influences of stress factors and can be used for 
characterization, computer modeling and improvement of plants tolerance 
against a biotic stresses. 
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