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Abstract 
Plant growth, habitat of various microorganisms, sustenance conditions for 
the fauna and flora, are determined by the quality of soil. However, alteration 
in the properties of soil leads to various deficiencies/diseases in plants and 
thereby affects dependent fauna. The alkalinity and acidity of the soil refer to 
the change in pH value of the soil. In the North East India, most of the soils 
lack calcium (Ca) and are acidic. Therefore, majority of the fauna and flora 
have lower availability of Ca due to leaching, caused by the heavy rainfall. The 
present study hypothesizes that the life originating from areas deficient in Ca, 
impacts their bone concentration and facial formation. This makes them 
phenotypically distinct from their counterparts residing in the other regions 
which have alkaline soils or have the optimum pH value of soil. Strongly acid-
ic soils, might have led to the formation of the major Mongolian Race in hu-
mans. 
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1. Introduction 

A natural medium for the growth of plants on the immediate surface of the 
earth, comprising of unconsolidated mineral and organic matter, is referred to as 
soil. It supports the growth of plants by providing nutrition for photosynthesis 
through harboring different minerals and nutrients required for the fixation and 
reduction of atmospheric carbon dioxide [1]. Besides, its role in the plants 
growth, soil impacts the life, including humans, to a greater extent. It acts as an 
indirect source of nutrition for humans as it ensures the supply of nutrients to 
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humans through the plants and their products consumed by them [2]. 
Among the various chemical properties of soil, (salinity, carbon to nitrogen 

ratio, cation exchange capacity, organic matter), pH is highly important for the 
normal growth of fauna and flora. Basically, pH is the measure of the acidity or 
alkalinity of a soil which is measured as the logarithmic scale which implies that 
a drop of 1-unit in pH is a 10-fold increase in acidity. Based on the measure of 
pH, soil is categorized as neutral (pH 7.0), acidic (pH < 7.0) and alkaline (pH > 7.0). 
This occurs due to H+ exchange processes that involve vegetable soil solutions 
and soil minerals [3]. Since the optimum pH for the growth of plants is between 
5.5 - 7.5, fluctuations in the pH directly or indirectly affects the availability of 
nutrients to the plants. Hence, it influences the people of the respective geo-
graphical area [4]. It has also been reported that alkaline soils are characterized 
by varying percentages of soluble salts, mainly chlorides and sulphates of the al-
kali bases, while the acidic soils lack in basic cations such as calcium (Ca), mag-
nesium (Mg), potassium (K), sodium (Na). 

Acidic and alkaline soils are distributed throughout India [5] [6]. Acidic soils 
have pH lesser than 7.0. These soils are further categorized as slightly acidic (pH 
range 6.6 to 6.1), medium acidic (pH 6.0 to 5.6), strongly acidic (pH 5.5 to 5.1), 
very strong acidic (with pH 5.0 to 4.6) and extremely strong acidic (pH 4.5 to 
lower) [7]. 

In India, most areas of the North East (NE) states predominantly, have 
strongly acidic pH value of the soils. These regions, lying between 25.5736˚N, 
93.2473˚E, also receive heavy rainfall (annual rainfall 1350 mm) [8]. The heavy 
rainfall leaches away various minerals and cations such as Ca, Mg, P, etc., hence 
rendering the soil acidic. This leads to leakage of these important minerals from 
the surface of soil, making them unavailable to the flora growing on such soils 
[8] [9]. The changes in environmental factors also influence the growth patterns 
in the flora, fauna and humans living there [10]. 

Many studies assessing the genetics behind the phenotype of a human being 
reported many genes to be responsible for governing the morphogenesis of facial 
structures. However, various studies determining the interactions between hu-
man genes and the environment have also established that the expression of 
genes of individuals are influenced by their surroundings/environment [7] [11]. 
The present study hypothesizes the effect of soil pH/soil constituency on the fa-
cial appearance of the people with the NE Indian origin or ancestral background. 
We have also focused on the type of soil found in NE India, emphasizing on its 
constituency and lack of nutrients, which basically governs the facial features of 
NE Indian population. 

2. Hypothesis 

The NE Region (NER) of India, spreading over 255,090 km2 (Figure 1), with 
170,000 km2 under forest coverage, has a thin soil cover which is highly leached 
and is nutrient-deficient [12] [13]. The temperature found over this region  

https://doi.org/10.4236/ojss.2018.81003


I. K. Barthakur 
 

 

DOI: 10.4236/ojss.2018.81003 38 Open Journal of Soil Science 
 

 
Figure 1. Geographical map representing the area under North East India region.  
http://theconversation.com/bridges-and-roads-in-north-east-india-may-drive-small-tribe
s-away-from-development-78636 (Source).  

 
varies between 21˚C - 31˚C (high) and 12˚C - 20˚C (low) [14]. As the annual 
rainfall in this geographical area is 10,372 mm, leaching (loss of nutrients from 
the soil) is highly observed. It has been observed that leaching results in the loss 
of basic cations such as Ca, Mg, K and Na from the soil [8] [9]. The increased 
acidity of the soil leads to the biggest impediment associated with the crop 
productivity in NER [15] [16]. These factors get intensified under the rising at-
mospheric CO2, which might lead to more carbonic acid (H2CO3) formation in 
soil water that removes base cations from the soil, by leaching, and hence, alle-
viating soil acidification in this region [17]. 

The people originating from the states of NE India are phenotypically differ-
ent from other Indians. Moreover, people with an ancestral background/history 
associated with these states also possess the similar morphology [2]. We hypo-
thesize that the facial features of the most of the human population with the NE 
Indian foundation or ancestral background are influenced by the soil constitu-
ency of that geographical area. Since the soil in this region is acidic (owing to 
leaching), an important element, i.e., Ca is deficient in the soil, thereby, it is not 
available to the humans in sufficient amount. Ca, however, is necessary for hu-
man growth as it is the main constituent in the bone mineralization. Due to 
suboptimal intake of Ca, NE Indian people bear flatter faces. They have smaller 
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noses and their nasal bridges are depressed with wider cheekbones. As compared 
to other Indians, their orbital fissures are smaller and slanted. Their incisor teeth 
are “shovel-shaped”. Moreover, these people are shorter in height and have a 
flat occiput (back of the head). The study hypothesis is diagrammatically 
represented in Figure 2. 

3. Discussion 

Soil benefits humans through various ways such as by recycling the nutrients, 
maintaining the optimum cationic and anionic balance, sustaining biodiversity 
and habitat, conserving water level, ensures food availability and governs the in-
teractions between humans and various chemicals and pathogens [2] [18]. 

Alkaline soils are found in Indian states of Uttar Pradesh, West Bengal, Pun-
jab, Bihar, Orissa, Maharashtra, Tamil Nadu, Madhya Pradesh, Andhra Pradesh, 
Gujarat, Delhi and Rajasthan. Overall, these states cover an area of about 7 mil-
lion hectares [19]. Plants growing on such soils are mostly stunted due to plas-
molysis, i.e., loss of optimum amount of water from the cells. It may retard the 
germination of seeds and growth of seedlings. Chlorides cause death of plants 
even before bearing fruits. This further leads to reduced leaf size, superficial 
plant roots, brown or black stems, lesser developed green tissues [3] [20]. 

 

 
Figure 2. Diagrammatic representation of the study hypothesis.  
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It has been observed that the acidic soils have pH value 5.0 or even less than 
that and receive more than 750 mm annual rainfall. Acidic soil is prominently 
found in the seven sister states of NE India viz., Assam, Meghalaya, Arunachal 
Pradesh, Mizoram, Nagaland, Manipur, Tripura and some areas of West Bengal 
and Bihar in India. All these states are humid and experience heavy rainfalls over 
the year (annual rainfall 1350 mm) [8]. 

Besides heavy rainfall, the other factors leading to the acidity of soil are con-
tinuous removal of lime and other base elements by crops and accumulation of 
acids contained in the manures, application of acid forming fertilizers in the soil, 
microbial action, formation of soil on the acidic rocks [8] [17]. Toxic and delete-
rious effects on root tissues, reduced permeability of plasma membrane for ca-
tions, imbalanced basic and acid constituent levels and disturbed enzymatic 
processes are some of the direct effects posed by the acidic soils on the plant 
growth [21] [22]. 

Human races represent different groups of people that share certain visible 
physical characteristics (facial features, skin color, eyes formation, hair texture, 
etc.). Also referred to as subspecies, these races are differentiated at genetic level 
and are geographically confined. However, they may coexist at any given time 
[23] [24]. The three major human races across the world are Caucasoid race 
(populations of Europe, North Africa, the Horn of Africa, Western Asia, South 
Asia, Central Asia), Mongolian race (East Asia, Central Asia, Southeast Asia, 
Eastern Russia, Northern Europe, the Arctic, the Americas, parts of the Pacific 
Islands, parts of Africa (Madagascar) and parts of South Asia) and Ethiopian or 
Negroid race (populations in Sub-Saharan Africa) [25] [26]. 

Indian population belongs to the Mongoloid race. Although belonging to the 
same race, certain striking differences are still observed among the populations 
residing across the Indian states. People with NE Indian origin look distinct 
from Indians originating from the rest of the Indian states. Ecological, biological, 
geographical, racial, gender and age factors affect the variations among (inter-) 
and within (intra-) the population [27]. Craniofacial variability and body height 
are also affected by environmental factors such as diet, climate, and weather [5] 
[27]. It has been reported that the size of maxillary alveolar arch increases with 
the variations in the food habits [28]. In case of Mongolians, a greater variation 
in facial flatness has been observed [29] [30] [31]. 

People originating from Russia, a part of the Asian continent, and different 
regions of Europe survive on various soil types. Prominent among those found 
in Europe are Cambisols, Chernozems, Calcisols, Solonetz and Podzols, where 
Cambisols and Chernozems cover most of the land area viz., 26.72% and 9.00%, 
respectively [32]. Chernozems are predominantly found in Russia also [33]. 
Most of these soils are predominantly rich in Ca owing to characteristics such as 
low temperatures, low precipitation, impeded drainage, highly calcareous, high 
biological activity and weathering-resistant parent material are typical of these 
soils [21] [32]. Calcisols are rich in Ca, present in the form of calcium carbonate, 
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calcite and calcrete (soft or hard lime) or/and exchangeable calcium, are also 
found across Europe and Russia [34]. Since the soils found in Europe and Russia 
mostly contain high amount of Ca, though in various forms, these have a mod-
erately alkaline pH. 

Besides the features of the soils found in these countries, Russia receives mod-
erate annual rainfall ranging between 200 - 750 mm [35]. While the majority of 
the countries of Europe continent have annual rainfall ranging between 300 - 800 
mm, a few areas receive rainfall up to 4000 mm [36]. Though the rainfall is suffi-
cient, it does not cause any leaching of minerals. 

Both the factors, i.e., no leaching as well as Ca rich soils, lead to adequate 
amount of available Ca to the plants. Hence, the humans feeding on Ca rich 
plants get enough Ca to support mineralization of their bones. Therefore, Cau-
casoids (the human race found in Russia and the European continent) are influ-
enced by the highly available Ca in their diet resulting in usually medium to tall 
stature with well-defined and sharpened facial features. The face is narrow, long 
and lacks protrusion of the jaws. The chin is pronounced and nose is sharp with 
a high nasal bridge [37] [38]. These features can be attributed to the composition 
of the soil found in the respective regions which are rich in Ca and are alkaline 
in nature. 

The nutrient imbalance may be in the form of deficiency as well. The NE soils 
which are acidic and lacking sufficient Ca cause deficiency of Ca in humans due 
to the consumption of Ca-deficient plants growing on such soils. Insufficient Ca 
levels in the soils cause deterioration of cell membranes leading to leakage and 
thus, loss of cell components. Ca acts as a messenger in the regulation of nutri-
tion uptake processes and other metabolic processes occurring in the plants [3] 
[39] [40]. It protects plant cells against the attacks by microbes. More the cal-
cium concentration in the cells, higher are the pectin amounts holding the cells 
firmly against each other and hence resisting the invading by microbes [3]. 

In humans, Ca is the most important mineral that forms the basis of bone 
mineralization. Its deficiency in the human diet (due to intake of Ca deficient 
plants) leads to many deficiencies such as low bone composition and dimen-
sions, high incidence of dental caries, rickets, osteomalacia and osteoporosis, 
and defective non-skeletal processes [6]. A study by Dibba and co-workers has 
even established poor growth performance and bone mineralization in Ca defi-
cient people [41] [42]. Its deficiency also leads to an impaired growth and delay 
in consolidation of the skeleton [41]. Such a reduction in the bone mineraliza-
tion and concentration causes flat facial features, shorter bones and shorter 
heights in the NE Indian population due to lesser deposition of minerals in the 
bones [28] [43] [44]. The current hypothesis is further supported by the fact that 
the women with vitamin D deficiency and consuming insufficient Ca might have 
lower calcium secretion in their breast milk [45]. The effect of low calcium 
availability has also been seen on the fauna of the NER. According to the Indian 
Dairy Industry report, the production of milk in dairy industry shows variance 
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among the different regions in India. The per capita availability (in grams) of 
milk in the north, west, south and east are 278, 174, 148 and 93, respectively 
[43]. 

It is believed that the genetics of an individual decide the phenotype. Howev-
er, various genetic studies provide evidences to support the current hypothesis. 
Different genes express themselves and are responsible for specific physical ap-
pearance of an individual. In different studies by Ahlgren and co-workers 
(1999), Hu et al (2003) and Brito and co-workers (2006, 2008), genes namely, 
FEZ (frontal ectodermal zone) and Shh (Sonic hedgehog) govern the morpho-
genesis of facial structures [7] [11] [20]. In the study by Ahlgren et al, 1999, the 
inhibition of Shh gene signaling using hybridoma cells led to a significant reduc-
tion in the head size and was even responsible for facial and forebrain abnormal-
ities [7]. In these studies on chick embryos, it was observed that inhibition of 
signaling of FEZ and Shh genes resulted in smaller head crest, brachial arch loss, 
and smaller jaw size [7] [11]. 

However, various studies on interactions between human genes and the envi-
ronment have established that the expression of genes of individuals are influ-
enced by their environment [46] [47]. Disease causing genes, regulatory genes, 
genes controlling the development of a living being, all express in association 
with the environmental factors (lifestyle habits, mineral and nutrient deficien-
cies, prescribed and non-prescribed drug intake) [46] [47] [48] [49] [50]. One 
such environmental factor is the nutrient imbalance which may govern the 
physical appearance of a person. The nature of soils and the rainfall patterns in 
different regions of the world can regulate the specific physical features among 
the same and the different human races. 

4. Conclusion 

Overall, the deficiency of Ca in the diet of the NE Indians occurs due to the 
acidic nature of the NE Indian soil which lacks Ca. An insufficient amount of Ca 
in the diet leads to reduced bone mineralization in humans which results in their 
distinct phenotypic appearance, as of the Mongolian race. The other two major 
human races of the world might also get the explanations in some other soil va-
riables. 
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