


 Industrial model of agriculture intensification based on the concept of “green 

revolution” didn’t address the main challenges faced by modern agriculture and 

consequently didn’t provide a sustainable development. It means agriculture is in 

crisis 

 The main factors of agriculture intensification are: 

- new varieties and hybrids of crops  

- mineral fertilizers 

- pesticides for pest, disease and weed control  

- irrigation 

- moldboard plowing  

All of them are directed towards a higher level of yields and profit in the 

conditions of market economy by neglecting the importance of soil fertility and 

the crucial role of soils in providing ecosystem and social services.  

 UN and FAO concepts of agriculture development are making the statement: 

“agriculture as usual doesn’t work”. Agriculture needs the other paradigm for 

agricultural intensification.  

 In Russian language agriculture – “zemledelie” means “to make soil or to build 

soil”. 

The modern factors of agricultural intensification are focused mainly on “yield 

making” – “urojaedelanie” in the conditions of simplistic approach to 

agricultural intensification.  



 The total losses of soil organic carbon for the whole soil layer      

0-100 cm have consisted relatively to meadow (natural grassland) 

for different crop rotations, including with perennial legumes, 

60.6-68.6 t/ha (17.7-20.0 %) and for  black fallow – 120t/ha (35.1 %) 

 The total losses of soil organic carbon since 1970 from 0-100 layer 

for a shorter crop rotation (with 6 fields) have consisted relatively 

to meadow on:  

- Unfertilized plot - 165.8 t/ha (48.0 %) 

- Fertilized with mineral fertilizers (130 kg a.i./ha ) – 192.1 t/ha 

(56.8 %) 

- Fertilized with 15 t/ha farmyard manure 130 kg a.i. NPK/ha – 

141.9 t/ha (41.0 %) 

 The potential for carbon sequestration only for arable 

Chernozems in Russia, Ukraina and Moldova is huge 38769.2 mln 

tons of CO2 



Tab. 1  Stocks and losses of soil organic matter (on carbon) for Typical Chernozem from 

Balti Steppe, Republic of Moldova, soil layer 0-100 cm, RIFC “Selectia” 

Soil layers, cm 

Meadow 

(native 

grassland 

field) 

Stocks and losses relative to native grassland field 

Crop rotation with 

alfalfa (30%)+40% row 

crops 

Crop rotation without 

alfalfa + 60 % of row 

crops (12 t/ha manure) 

55-yrs continuous 

black fallow 

t/ha % t/ha ± % t/ha ± % t/ha ± % 

0-100 342,3 100 273,7 -68,6 20,0 281,7 -60,6 17,7 222,3 
-

120,0 
35,1 

In
c

lu
d

in
g

 

0-60 225,3 65,8 182,2 -158,1 46,2 200,8 -141,5 41,3 161,5 
-

180,8 
52.8 

% 

relative 

to 

 0-100 

cm 

65,8   67,3     71,3     72,6     



Tab. 2  Stocks and losses of soil organic carbon since 1970 under a 6 

years crop rotation with 50% row crops and different systems of 

fertilization, RIFC “Selectia” 

Soil 

layers, cm 

Meadow 
Unfertilized since 

1970 

Fertilized with NPK  

130 kg a.i./ha 

Fertilized with 15 t/ha 

farmyard manure + NPK 

130 kg a.i./ha 

t/ha % t/ha ± % t/ha ± % t/ha ± % 

0-100 342.3 100 176.5 -165.8 48 150.2 -192.1 56 200.4 -141.9 41 

Including 

0-60 cm 
225.3   159.9 - 65.4 29 136.7 - 88.6 39 176.2 - 49.1 22 

% of 

0-100 cm 
66   91     91     88     



Tab. 3  Potential for carbon sequestration on arable soils in the 

Chernozem regions of Russia, Ukraine and Moldova 

States 

Total arable 

areas under 

Chernozems, 

mln ha 

Losses of 

SOC relative 

to grassland, 

t C/ha 

Emission of 

CO2, t CO2/ha 

(x3,7) 

Total CO2 

emissions, 

mln tons of 

CO2 for arable 

land 

Russia 145,4 60,0 222 32278,8 

Ukraine 27,8 60,0 222 6171,6 

Republic of 

Moldova 
1,4 60,0 222 318,8 

Total 174,6 38769,2 



 Annual uncompensated losses of soil organic carbon for 

the structure of sowing areas and real yields obtained in 

the Republic of Moldova for 2015 consists 586.0 kg/ha 

and respectively 47.4 kg/ha of nitrogen  

 The ratio between biological nitrogen and technical 

nitrogen (from mineral fertilizers) in the total amount of 

nitrogen taken up by crops consists – 6:1. It means that 

yields are formated mainly from the decomposition of 

soil organic mater or dehumification of soil    

 The annual rates of applied mineral fertilizers and 

farmyard manure for the existing structure of sowing 

areas in the Republic of Moldova for 2015 consists: 19.8 

kg a.i. NPK/ha and 0.07t/ha farmyard manure, instead of 

at least 60 kg a.i. NPK/ha and 10 t/ha of farmyard manure   



Tab. 4 The structure of sowing areas in the Republic of Moldova  

for 1990-2015 (Annual Statistics of Moldova) 

Indexes 
1990 2015 In perspective 

Thousands 

ha 
% 

Thousands 

ha 
% 

Thousands 

ha 
% 

Sowing areas 1674,5 100 1502,6 100 1447,2 100 

Including compact drilled crops 
 

687,9 

 

41,1 

 

462,4 

 

30,8 

 

723,0 

 

50,0 

Cereal crops 407,1 24,3 430,0 31,8 385,0 26,6 

Perennial legumes 192,1 11,5 47,5 3,2 200,0 13,8 

Raw crops 986,6 59,9 977,5 65,0 724,2 50,0 

Corn for grain 258,0 15,4 492,8 32,8 330 22,8 

Sunflower 134,1 8,0 330,3 22,0 140 9,7 

Forage crops 538,2 32,1 47,5 3,2 325,0 22,3 

Application of organic and mineral fertilizers  

Total, 

thousands 

tons 

Per 1 ha 

Total, 

thousands 

tons 

 

Per 1 ha Per 1 ha 

Organic fertilizers 9700,0 5,6 t 56,2 0,07 t 10 t 

Mineral fertilizers (NPK) 217,0 136 kg 29,7 19,8 kg 60 kg 
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2. Carbon from the humification of crop residues, kg C/ha 

3. Uncompensated deficit of carbon, kg C/ha 

Fig. 1 Uncompensated deficit of soil organic matter (on Carbon) for the structure of 

sowing areas and real yields obtained in the Republic of Moldova for 2015 year  
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1. Deficit of soil organic matter (on carbon), kg C/ha 

2. Carbon from the humification of crop residues, kg C/ha 

3. Uncompensated deficit of carbon, kg C/ha 

Fig. 2 Uncompensated deficit of soil organic matter (on Carbon) for the structure of 

sowing areas and real yields obtained in the Republic of Moldova for 2015 year   



Tab. 5 The amount of total nitrogen accumulated by alfalfa and peas for grain in 

crop rotation on fertilized and unfertilized plots, average for 1996-2009,  

polyfactorial experiment of the RIFC “Selectia” 

Nitrogen accumulated in 

legumes 

Alfalfa, 

kg N/ha/year 

Peas for grain, 

kg N/ha/year 

Unfertilized 

Nitrogen in the above 

ground biomass 
278.1 64.0 

Nitrogen used from the soil 

by crops following legumes 
103.7 37.6 

Total 381.8 101.6 

Fertilized 

Nitrogen in the above 

ground biomass 
304.7 68.5 

Nitrogen used from the soil 

by crops following legumes 
26.2 11.9 

Total 330.9 80.4 



 The effect of crop rotation  (the 

difference in yields between crop rotation 

and permanent cropping for all crops is 

higher in crop rotation with a higher 

diversity of crops as a result of a higher 

biodiversity of organisms for the whole 

food web in the soil  



Tab. 6 “Effect of crop rotation” in the long-term field experiments  of Selectia 

RIFC (Balti, Republic of Moldova), average for 15 years, t/ha and % 

Crops Indices 

10 fields crop rotation 7 fields crop rotation 
Permanent mono-

cropping 

Unfertilized  Fertilized Unfertilized  Fertilized Unfertilized  Fertilized 

Winter 

wheat 

t/ha 4,64 5,06 3,96 4,29 1,95 2,84 

± t/ha and 

% 

+2,69/ 

137,9% 

+2,22/ 

78,2% 

+2,01/ 

103,1% 

+1,45/ 

51,1% 
    

Sugar beet 

t/ha 33,21 43,00 23,00 38,55 9,05 17,81 

± t/ha and 

% 

+24,16/ 

267,0% 

+25,19/ 

141,4% 

+13,95/ 

154,1% 

+20,74/ 

116,5 
    

Corn for 

grain 

t/ha 5,22 5,67 5,01 5,62 3,75 5,16 

± t/ha and 

% 

+1,47/ 

39,2 

+0,51/ 

9,9% 

+1,26/ 

33,6% 

+0,46/ 

8,9% 
    

Sunflower 

t/ha 1,99 2,14 1,40 1,70 1,42 1,56 

± t/ha and 

% 
+0,57/40,1% 

+0,58/ 

37,2% 
-0,02 

+0,14/ 

9,0% 
    



 The share of soil fertility in yield formation on unfertilized plots is 

equal to 100%  

 On fertilized plots the share of soil fertility in yield formation is 

higher in crop rotation (87.0 – 70.5 %) than in permanent cropping, 

especially for winter wheat and sugar beet (45.9 - 3.2 %), 

respectively. Building soil fertility allows to reduce the dependency 

from the application of mineral fertilizers and pesticides for weed, 

pest and desease control  

 Supplementary application of mineral fertilizers in crop rotation on 

plots fertilized with farmyard manure didn’t increase yields for 

different crops on Chernozems and consequently the nitrogen – 

use efficiency  

 The danger of nitrate leaching is increasing during a narrow 

window of time in the spring when the stocks of soil moisture in 

the soil layer 0-200 cm is higher than field capacity – 333.9 mm 

 



Tab. 7 The share of soil fertility (%) in yield formation for different crops in crop 

rotation and permanent cropping on fertilized and unfertilized plots, average for 

1994-2018, long-term field experiment on crop rotation and permanent cropping, 

Selectia RIFC, Balti, Republic of Moldova 

Crops 

Crop rotation, 

Permanent 

cropping 

Fertilized Unfertilized 

Winter wheat 

Crop rotation 87.0 

100  
Permanent 

cropping 
45.9 

Sugar beet 

Crop rotation 70.5 

 100 
Permanent 

cropping 
3.2 

Corn for grain 

Crop rotation 91.4 

 100 
Permanent 

cropping 
62.4 

Sunflower 

Crop rotation 93.0 

 100 
Permanent 

cropping 
90.1 



Tab. 8 Yields of winter wheat in crop rotations on different 

systems of fertilization, average for 2015-2018, t/ha 

Fertilization systems in 

crop rotation  

Crop rotations with the 

mixture of alfalfa and 

reigras for green mass 

Crop rotations without 

the mixture of alfalfa 

and reigras for green 

mass 

Without fertilization  4,65 4,02 

Farmyard manure 

(composted) 
5,11 5,28 

Farmyard manure + PK 5,18 5,21 

Farmyard manure + 

NPK 
5,15 5,29 

DL05 = 0,25 t/ha  



 Soil health (soil quality) in permanent cropping 

or in a narrow specialized crop rotations can’t 

be improved by higher rates of mineral 

fertilizers, including nitrogen fertilizers 





 Yield reduction of winter wheat sown after late 

harvested predecessors is significantly higher 

than extra yields from mineral fertilizers 

 Lack of good predecessors and crop rotations 

can’t be compensated by extra amounts (rates) 

of mineral fertilizers and pesticides  



Tab.9 The yield of winter wheat after different predecessors in crop rotation and in 
permanent mono-cropping, average for 1994-2018, in the long-term field experiments 

at Selectia Research Institute of Field Crops, Republic of Moldova, t/ha and %  

Crop rotation, 

permanent 

crop 

Predecessors 

of winter 

wheat 

Fertilization 

± from 

fertilization, 

t/ha and % 

Yield reduction relatively to 

mixture of vetch and oats for 

green mass 

Unfertilized Fertilized Unfertilized Fertilized 

Crop rotation 

mixture of 

vetch and 

oats for green 

mass 

4,55 5,14 +0,59/13,0% - - 

corn for 

sillage 
3,29 4,69 +1,40/42,6% -1,26/27,7% -0,45/8,8% 

corn for grain 2,62 3,71 +1,09/41,6% -1,93/42,4% -1,43/27,8% 

Permanent 

crop 
winter wheat 1,96 3,02 +1,06/54,1% -2,59/56,9% -2,12/41,2% 



 Nitrogen – use efficiency from mineral fertilizers 

is lower after good predecessors of winter 

wheat, but significantly higher after unfavorable 

predecessors.  



Tab.10  Nitrogen use efficiency (%) by winter wheat sown after different 

predecessors and in permanent mono-cropping, average for 1994-2018, Selectia 

RIFC, Republic of Moldova 

Crop 

rotation,  

mono-

cropping 

Predecessors 

Extra 

yields 

from 

fertilizati

on, t/ha 

Nitrogen 

taken up 

by extra 

yields, 

kg/ha 

N 

applied 

with 

mineral 

fertilizers

, kg/ha 

N – use 

efficienc

y, % 

Total N up 

take on 

fertilized 

plots, 

kg/ha 

Share of 

soil 

fertility in 

yield 

formation, 

% 

Crop 

rotation 

Mixture of 

oats and 

vetch for 

green mass 

0,59 19,5 90 21,7 169,6 88,5 

Corn for 

silage 
+1,40 46,2 90 51,3 154,8 70,1 

Corn for grain +1,09 36,0 90 40,0 122,4 70,6 

Mono-

cropping 
Winter wheat +1,06 35,0 90 38,9 99,7 64,9 



 Water –use efficiency on fertilized plots for winter wheat 

is higher in crop rotations after perennial legumes than 

in permanent cropping. Perennial crops have a higher 

capacity to sequester carbon in deeper soil layers and to 

accumulate soil moisture which is crucial in drought 

conditions.  



Tab. 11  Water-use efficiency by winter wheat after different 

predecessors and in permanent cropping, Selectia RIFC,  

means for 1992-2018 

Soil layers, 

cm 

Soil water stock, mm 

Soil water 

consumption, 

mm 

Water 

consumption 

from 0-100 cm 

versus 0-200 

cm, % 

Yield, t/ha 

Soil water 

consumption, 

tonnes per 

tonne grain 
Spring After harvest 

Winter wheat after Lucerne in 3rd year after 1st cut 

0-100 176.6 82.8 93.8 
52.6 5.13 374.8 

0-200 352.1 173.7 178.4 

Winter wheat after corn for grain 

0-100 184.7 79.5 105.2 
70.8 3.71 400.3 

0-200 322.8 174.3 148.5 

Permanent cropping of winter wheat 

0-100 179.4 91.0 88.4 
60.0 3.02 488.1 

0-200 370.0 222.6 147.4 



 The central role in yield formation belongs to soil 

fertility. The integral index of soil fertility is soil organic 

matter 

 Perennial legumes have a higher capacity to 

accumulate carbon and nitrogen relatively to annual 

legumes in the whole soil profile. Integration of crop 

and animal husbandries allows to do a better recycling 

of C and N and to reduce the dependence from 

industrial inputs, including mineral fertilizers 



Tab. 12 Changes in the stocks of soil organic carbon during 1992-2015 

in crop rotation with and without lucerne on the Typical Chernozem of 

the Balti Steppe, t C/ha (mean of 3 replicates) 

Soil 

layers, 

cm 

Crop rotation with lucerne Crop rotation without lucerne 

1992 2015 ± % 1992 2015 ± % 

0-20 71.0 59.0 -12.0 17.3 66.7 52.6 -14.1 -21.1 

20-40 69.6 63.6 -6.0 8.6 62.9 56.4 -6.5 -10.3 

40-60 56.2 61.6 +5.4 9.6 51.5 52.5 +1.0 1.9 

60-80 37.2 52.9 +15.7 42.2 31.1 38.1 +7.0 22.5 

80-100 37.0 43.1 +6.1 16.5 19.3 27.7 +8.4 43.5 

0-100     +9.2       -4.2   



Sustainable and resilient management of Chernozems have been 

described in the book recently published by springer.  

The authors of the book are  

Boris Boincean and David Dent  



  
1. Under arable crops Chernozems emits clouds of CO2 through 

mineralization of soil organic matter. The other face of the coin is its 

corresponding great capacity to sequester carbon and mitigate global 

heating. The face depends on management. 

2. Annual deficit of carbon and nitrogen on Chernozems are the result of 

imperfect structure of sowing areas and consequently lack of crop 

rotations together with insufficient application of both fresh sources of 

carbon and nitrogen, including from mineral fertilizers  

3. Incorporation of perennial legumes in crop rotation enhances the 

accumulationof soil organic matter through soil profile, but especially in 

deeper soil layers, which makes crops more resilient to drought. 

Simultaneously, it allows to increase biological nitrogen fixation  



4. “Effect of crop rotation” (the difference between yields of crops in crop 

rotations and in permanent cropping) and favorable predecessors in crop 

rotations can’t be replaced by increased rates of mineral fertilizers and 

pesticides for weed, pest and disease control  

5. The share of soil fertility in yield formation on fertilized plots on 

Chernozems consists for winter wheat and sugar beet – 70.5 – 87.0 % and 

91.4 – 93.0 % for corn grain and sunflower, respectively  

6. Improving soil health through sustainable management of soil organic 

matter is crucial for the transition to a more sustainable and resilient 

agriculture capable to provide ecosystem and social services. A new 

agroecological approach to farm management should be accepted in 

order to answer many challenges faced by modern agriculture   




