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Abstract 
 
In the researched area, located on the terrace of southwestern Alexandria, soil fertility (evaluated by such  indicators 
as humus content, biological activity of the soil, ecological index, production level) showed that the amount of carbon 
and nitrogen in the soil decreased by two times in the last 100 years, especially due to a defective management of soil 
tillage and plant nutrition. In order to restore soil balance and to improve the relations between plants and soil, 
between 2004and 2011, intensive and continuous research was carried out on the chernozem of the Burnaz Plain, 
aiming at: the use of a tillage conservation system, crop rotation with ameliorative plants, residual biomass (4-5 
tonnes/ha) and several soil bioactivators in the recovery of the physical, biological and ecological parameters, as well 
as fertility and grain production increase. Thus, flows were recovered on soil profile, the quantity of Humus C in soil 
increased by 1.9 times, the biological activity of soil increased by 2-2.5 times, the ecological index by 1.8 times, the soil 
capacity to retain, preserve and dispose the water to the plants grew three times and also the production level of 
premium high quality grains increased by about 2 times. 
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INTRODUCTION  

 
Humus formation, both in its active (Humus C) 
and conservation form (Humus HT), was done 
on the soils from southern Romania, 
predominantly under the influence of forest 
areas which occupiedabout 70% of the area 150 
years ago, as well as the steppe grasses, prairie, 
present both in the areas without trees and in 
the empty spaces in the forest. Models of 
humus formation, similar to those existing 150 
years ago, are found in the boreal forests [10] 
or the tropical savannas and surrounding forests 
[7]. The amount of  total humus (HT + C) has 
been formed, up to 7-15% [5], in the Romanian 
Plain and the small hills areas through the 
patterns shown above or other similar patterns. 
The studies performed in Romania after the 
Raggam Model [9] and published by Berca M. 
[5] showed that, in the period 1930-2010, the 
amount of total humus decreased globally by 
about five times. The main cause was found in 
humus mineralization due to some aggressive 

works made on the soil, especially with the 
plow, the drill and others. It was established 
that the soil movement mainly horizontally 
(plowing) or its spraying (work harrowing), 
total humus was submitted to intense oxidation 
with CO2 and water release. According to 
Raggam [9], the carbon dioxide which reached 
into the air contributed to over 30% of the 
accumulations that determined the present 
climatic changes. 
Tilman D. [12] showed that there was a 
parallelism between the content of „C” (humus) 
and the one of nitrogen in the soil;  after 50 
years of research, both decreased by around 
50% and remained constant another 50 years. 
However, the experiments were performed on 
an organic soil in which the C Humus was 
dominant and annually received organic matter 
from the harvest. The soil was worked in the 
conventional system. 50 years later, Tilman 
introduced elements of agricultural system 
amelioration: works, crop rotation and manure. 
The calculations carried out by Berca M. [2, 3] 
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on these data indicated that manure had the 
greatest effect in the recovery of soil fertility 
(over 100%), followed by crop rotation ( 30%) 
and soil tillage (10%). Nevertheless, we noted 
that Tilman, who started the experiments later, 
had no set of machines to work the soil 
„conservatively”, in the sense that is now given 
to that definition. 
The studies performed by Berca M. and 
Robescu V.O. [5] showed the possibility of 
humus and soil physical properties 
reconstruction, as well as nutritional 
improvement, especially with nitrogen, through 
the tillage system modification, the use of 
ameliorative plants and soil biological activity 
stimulation.  
The system of conservative agriculture (CA), in 
the FAO vision and presented by Friedrich T. 
[6], requires an „economic management system 
of agricultural ecosystems for productivity’s 
sustainable growth, high profits and  human 
nutrition safety, in parallel with protecting and 
improving of resources and of environment, in 
its entirety”. CA is characterized by the 
connection of three principles: 

1. soil works as reduced as possible, 
eventually „0” works; 

2. permanent coverage and incorporation of 
organic matter; 

3. species biodiversity. 
 
MATERIAL AND METHOD  
 
Research started in 2001 to the model farm 
Agrovet from the southern plateau of 
Alexandria, belonging to the Burnaz Plain, and 
was part of a private research project 
concerning the improvement of the ecological 
status of soils damaged by intensive works with 
the plow at the same depth (20-30 cm) for more 
than 40 years. The algorithm of studies was as 
follows: the research period 2001-2004 was a 
transition one, while the interval 2004-2011 
was one of intensive application for the decided 
measures: 

1. Composition of a database regarding the 
current state of soil, humus and nutrients 
content, water flows and circuits, and soil 
biodiversity, together with their influence 
on the crop level and quality; 

2. Development of a research plan 
concerning flows recovery on the soil 
profile (water + biodiversity + nutrients); 

3. Composition of several recovery options, 
reconstruction of soil biology, humus, 
physical properties (structure) and 
water/air ratio; 

4. Effects of improved ecological indicators 
on the crop level; 

5. In the initial phase, 2001-2004, soil was 
worked with the plow + the adjacent 
machines; afterwards, until 2011, a set of 
machines was used to work the soil only 
vertically, in a conservative way 
(Subsoiler + Cultivator (Gruber)); 

6. 4-5 tonnes of organic material were 
applied annually as dry biomass (straws, 
corncobs, rapeseed stalks, sunflower 
stalks, peas haulms). Pea plants were used 
as ameliorative plants on a surface of 20% 
of the crop rotation. Crop rotation 
consisted of five plants: peas, corn, 
sunflower, cereals (wheat), rapeseed. 
Since 2004, the plots under reconstruction 
also received bioactivators in the form of 
some vegetal composts (Biovin) and a 
collection of bacteria (Bactofil) every four 
years; 

7. The control version included the model of 
agriculture in the area, such as wheat - 
wheat (barley) - rapeseed - corn 
(sunflower), without biomass 
incorporation and bioactivators. Soil 
tillage was classic, starting with plowing. 

The main determined indicators were the 
following: 

a) The content in humus by two 
methods: 

 the NIRS method (Near Infrared 
Spectoscopy), used only for the 
control (Atanassova and co. [1]); 

 the Schollenberger-Jackson 
method, through organic matter 
oxidation with potassium 
dichromate in a sulfuric acid 
medium and by dosing the oxidant 
excess with Mohr salt (iron 
sulphate and ammonium). 

b) The content of soil biomass,  by the 
method of dried calcination (dry 
combustion), according to the 
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European Standards SR ISO 
10694:1998. Determinations were 
performed on non-aerated medium 
samples at the depth of 0-30 cm. 

c) In particular, the determination of 
biodiversity offered by earthworms 
was performed after the Joschko M. 
and co. method [8]. 

d) In exceptional cases, bacterial 
biomass was determined through the 
respiration induced by the substrate - 
SR ISO 14240-1:2001. 

e) Ecological indexes were performed by 
using the method proposed by Berca 
M. [2, 3, 4]. 

f)    Production determination was carried 
out by using rendomized harvests of 
some areas of  4 x 10 = 40 m2 for 
wheat, using a minicombine for the 
experiments. All determinations were 
made annually in at least four 
repetitions. 

g) The evaluation of historical data on 
humus were made after the models of 
Seely B. and co. [10] and Tilman D. 
[12]. 

h) The calculation of the collected data 
was performed by using consecrated 
statistical methods:  

 dispersion analysis in 
multifactorial systems; 

 calculation of  bifactorial and 
trifactorial correlations;  

 related analysis of tree kind; 
 analysis of determinations. 

The results were mainly synthesized as graphs. 
 
RESULTS AND DISCUSSIONS 
 
Starting from the database, by using modelling 
carried out in the areas of current humus natural 
formation and taking into account the evolution 
of vegetation in time, Fig. 1 presents the 
dynamic reduction of humus content on the 
Burnaz Plateau over the last 100 years (1910-
2010).  

Fig. 1. Humus content reduction  
in Burnaz Plain in the past 100 years 

Historically, the year 1910 marked a period of 
slight economic growth, in which the entire 
plateau was occupied by oak and common oak 
forests in a percentage of nearly 60%. Large 
quantities of humus formed mainly below 
forests, and also under the abundant vegetation 
of the forest steppe which dominates the area. 
According to our estimates, the total amount of 
humus (HT + HC) was over 8%. Through the 
gradual but permanent taken in culture, and 
even the use of some superficial plowing 
works, the humus content started to decrease, 
the decline being 1% in about 50 years.  
With the establishement of collective farms 
(CAP) in the late ’50s and early ’60s, the 
forests were heavily cut, the wood material 
being directly used for agricultural buildings 
constructions (CAP) or combustion in 
particular, even for brick and lime manufacture. 
At the same time, massive export of rough 
wood bega, resulting in massive deforestations. 
The decrease of humus content after 1960 
became accentuated and was correlated not 
only with deforestations but also with the 
introduction of plow mechanization for the 
basic works that led to over ventilation and the 
burning of soil humus. The decrease was and 
remains pronounced even today, 100 years 
from the beginning of this study. The reduction 
of total humus was from 8.2 to 3.7% in the 0-30 
cm layer, that is, a drop of over 2.2 times.  
Today, this decrease is sustained by the large 
quantities of biomass exported from the 
agricultural ecosystem and by the intensive 
plowing works that have not always been 
carried out at appropriate times. Consequently, 
a compact and impermeable layer has been 
formed (the hardpan), which separates the 
surface from the deep horizon. Under these 
circumstances, soil biological activity has been 
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dramatically reduced, the amount of living 
organic matter being limited from about 20 
tonnes to approximately three tonnes (personal 
measurements - see the methodology). It is also 
noteworthy to point out that earthworms, the 
major ecological indicator of the soil, have 
entirely disappeared.  
As a result of the ecological interventions 
announced in the chapter on Methodology, soil 
biological activity was the first that initiated a 
growth, an active growth. This was obvious 
starting with the 4th century, that is, at the same 
time with flux reformation owing to subsoilers 
and bioactivators introduction.  

Growth was intense during the period 2004-
2008 and became slower afterwards. In the 
interval 2001-2011 (Fig. 2), the average 
quantity of active biomass from soil and from 
soil surface increased from slightly over three 
tonnes to more than nine tonnes, i.e. a three 
times growth which is, however, far from the 
initial, historical value. The function is highly 
statistically assured, but the confidence interval 
is lax; the variations around the average are at 
least one tonne, that is,  
                                  . 
 

 
Fig. 2. Dynamics of soil biomass (to/ha) according to  

the ecological interventions of 2001-2011 
 

If we set the battle over the last 10 years (Fig. 
1), in Fig. 3 we can observe the slow but safe 
way in which humus degradation continued in 
the non-greening control version, compared 
with the version in which the soil ecological 
works and the announced technologies were 
initiated and carried out.  
The process of humus (C) reconstruction was a 
real pleasant surprise, its growth being 1.7-1.9 
times in only 10 years, directly correlated with 
the biodiversity and soil biological activity. 
This exceeded humus formation, an aspect that 

created premises for continuing the process of 
humus, especially of humus C, formation and 
recovery.  
 

 
Fig. 3. Humus evolution in Burnaz Plain  

during 2001-2011 
The positive change of soil mass and aspect 
could be seen even with the unaided eye and 
captured by the camera (Fig. 4). 

It started from the compact soil on the left. 
Immediately after the subsoiler works, cracks in 
the hardpan (1) were created, which allowed 
water and microorganisms to fall deeply and 
thus restore the flows. The soil on the profile 
became crowded in 1-2 years, forming structure 
(2); later on, earthworms (3) appeared, 
extremely numerous in 2006 but fewer in 2007 
due to drought, and again numerous until the 
present. 
Moreover, the high capacity of earthworm 
multiplication indicated a high biological and 
ecological activity of the soil.  
In 2008-2011, the quantity of humus, as well as 
the biological activity, increased and diversified 
(Fig. 5). 
 

m  1-1,5 tonnes 

Fig. 4. Ecologization by soil tillage and biomass of 
a hard chernozem soil in Burnaz Plain in the 

period 2001-2007 (original photos) 

(1) 

(2) 

(3) 
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Fig. 5. Evolution of soil condition, resulting from 
ecological processes, captured with the camera (original) 
 
Due to the very pronounced drought, the year 
2007 blocked the positive ecological evolution 
of the soil; however, it recovered spectacularly 
during the favourable years that followed. 
The ecological interventions undertaken 
simultaneously led to the increase of ecological 
index in the agricultural ecosystem (EI) from 
about 2.2 to almost 4.5.  
This was positively correlated with the soil 
biological activity, with the increase of both 
humus content and production (Fig. 6). 
Wheat production slightly increased in the first 
years; related with EI, it decreased in 2007 due 
to the severe drought and increased 
exponentially with EI increasing, especially in 
2010 and 2011. In statistical terms, the year 
2007 brought entropy, chaos in the relation 
indexes * production, graphically captured in 
Fig. 7. 
 

 
Fig. 6. Influence of ecological index (EI) on wheat 

production of Burnaz Plain in 2001-2011  
(confidence interval calculation) 

 

 

 
Fig. 7. Influence of ecological index (EI) on wheat 

production, Burnaz Plain 2001-2011 
 

The exception from the rule created an atypical 
confidence interval which was also hard to 
predict in similar years. It was demonstrated 
that the abiotic stress produced by water could 
disturb the normal evolution of nature’s laws. 
The deviations from the rule of production 
evolution were, however, smaller in the 
ecological versions compared to the non-
ecological ones (Fig. 8). 
Research presented in Fig. 8 also demonstrated 
that the production detachment between 
greening and non-greening took place starting 
with 2004. This meant that the effect of 
ecological interventions did not occur 
immediately. For the ecological measures to be 
included in the harvest, a transit period of at 
least four years is required on these soils. 
However, afterwards, the production growth 
provided full satisfaction, covering all the costs 
incurred with the measures taken. In the end, 
costs recorded 50% of those made in 
conventional system. 
 

Fig. 5.1. Drought soil - less 
organic matter (2007) 

Fig. 5.2. Soil recovers, 
earthworms reappear (2008)

Fig. 5.3. Numerous 
earthworms (40/sqm), 

large in size (2009)  

Fig. 5.4. High quantity of 
Humus C (2010) 

Fig. 5.5. Wheat 
mycorrhiza (2011) 

Fig. 5.6. Mycorrhiza and 
humus in peas 
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Fig. 8. Wheat production in Burnaz Plain 2001-2011 

 

In multiple correlations, EI was correlated with 
the humus content and the biomass from and 
off soil (Fig. 9). At EI = 2.5 and humus % = 
3.5, soil biomass was approximately 3 
tonnes/ha. It increased to more than 9 tonnes/ha 
when EI  4 and humus increased to 7%. 
 

 
Fig. 9. Correlation between EI, % humus and biomass of 

Burnaz Plain soils between 2001-2011 
 

The 3D correlation between EI, humus and 
wheat production is presented in Fig. 10. 
Configuration was the same. Production 
increased exponentially with the increase of EI 
and % Humus. 
These last two graphs also serve as nomograms 
to determine a parameter depending on the 
evolution of the other two. For the researchers 
who undertake such exercises, it is good to 
know that all the indicators are positively 
correlated according the same functional allure. 
For example, the combination of a 3.5 humus 
content with an EI 4 will not be possible as this 
does not happen on these soil types.  
 

 
Fig. 10. ontribution of ecological index (EI) and  humus 

content (%) to wheat production (to/ha) 
 

 

 
Fig. 11. Formation scheme of agricultural production and 

humus starting from photosynthesis 
Successful soil ecology (EI), the increase of soil 
biomass, humus and production are possible if 
the system takeover of all favorable factors and 
the limitation of the disadvantaged ones are 
taken into account (Fig. 11). 
Biomass formation actually begins in leaves as 
soon as they come to light. Photosynthesis 
takes place in conditions of light, carbon 
dioxide and water. If these factors exist, the 
efficiency of photosynthesis (3) is maximum. 
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The decrease or over excess of any of the 
factors 2, 3, 4 leads to the reduction of 
biochemical synthesis in the leaves. In order to 
form the net primary production, 
photosynthesis production is combined with the 
nutrients from soil and air, among which 
nitrogen plays an important role (11). 
Multimolecular elaborates are formed (6), such 
as proteins, polysaccharides, fats which are 
transferred to the growth process of roots, 
offshoots, stems and leaves and, finally, to the 
useful production which is exported from the 
system.  
What remains forms the organic material (8) 
submitted to degradation by microorganisms. In 
order to be quickly transformed into humus, it 
needs as higher quantities of nitrogen as the 
microorganisms population is more abundant. 
Through our research, we intervened at 
precisely this point, providing the soil with the 
greatest possible quantity of energetic material 
and nitrogen obtained both from organic 
synthesis and industrial synthesis (increasingly 
less). Organic activators were also 
administered, in order to speed the process of 
degradation and recombination of balanced 
simple elements in the complex humus 
molecules (huminic and fulvic acids). 
The humus formed (10) has predominantly an 
active component (10a) which is rapidly 
degraded, providing nutrients, CO2 and water. 
This nutritional humus mantains even the soil 
vital functions, as long as it persists in it.  
However, to the increase the sustainability of 
soil fertility, we rely on these soils especially 
on the conservation humus or the butter type 
humus (Butter Humus), composed of long 
chains, heteropolycondensates by calcium 
saturated humic acids. The fraction of the 
product that is now formed reduces total humus 
(5-10%), but its preservation is crucial for soil 
reconstruction. The absence of active humus 
(C) can lead to the degradation of HT humus, 
mainly on lighter soils that are less supplied 
with nutrients, with very unfavorable 
consequences to the sustainable fertility of the 
soil.   
 
 
 
 

CONCLUSIONS  
 
Research carried out on the terrace of the 
Burbaz Plain, located in southwestern 
Alexandria, showed that: 

1. In the past 100 years, soil fertility, as 
evaluated by indicators, humus content, 
biological activity, ecological index and 
production level, was dramatically 
reduced, as follows: 

 the C and N content in soil 
decreased by over two times; 

 causes: deforestation and 
defective management of tillage, 
crop rotation and plant nutrition. 

2. In order to restore soil balance, to 
improve the plant-soil relations and 
agricultural sustainable development, in 
the years 2004-2011, intensive and 
continuous research was performed on 
the chernozem soils of the Burnaz Plain, 
aiming at: 

 the use of a conservative tillage 
system; 

 the use of some wide crop 
rotations, including ameliorative 
plants; 

 the use of residual biomass 
(straws, corncobs, sunflower and 
rapeseed stalks) in a quantity of 
4-5 to/ha per year; 

 the use of some organic 
activators for soil, in order to 
restore the physical, biological 
and ecological parameters, 
fertility and the pursued cereal 
yields. 

3. Flows were restored on the soil profile 
from top to bottom and from bottom-up, 
optimizing the water/air rapport in the 
soil, increasing the capacity of soil to 
retain, preserve and give water to plants 
about three times. 

4. The quantity of humus C in the soil 
increased by 1.9 times within only 7 
years. 

5. Biological activity of soil increased by 
2-2.5 times and the ecological index by 
1.8 times.  

6. The average production level of 
premium grains and their quality 
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increased about 2 times (15-17% 
proteins). 

7. The preserving agricultural works, as 
well as the restoration of ecological 
parameters, represent a safe measure of 
productivity increase in agriculture, 
long-term sustainability and food safety 
assurance. 
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