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THE BALANCE OF HUMUS AND NUTRIENTS OF CROP ROTATION
WITH THE APPLICATION OF PLANT RESIDUES AND FERTILIZ ERS
IN SMALL DOSES ON CALCAREOUS CHERNOZEM OF MOLDOVA
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Abstract

The balance of soil fertility in the current conditions of agriculture has a topical interest. The basic objectives of the
research were to assess the possibility of obtaining a non-deficit balance of the main indicators of soil fertility (humus,
nutrients) in Calcareous Chernozem using small doses of mineral fertilizers and the return of plant residues of
cultivated crops. The mass balance that comprises inputs and outputs for humus, nitrogen (N), phosphorus (P) and
potassium (K) from cropland of the cereal crop rotation in the 2001-2017 period in the long-term experience was
analyzed. We found a deficit in N (-1.2 kg.ha™ .yr™> using of crop residues on experimental plot without fertilization
(since 1950) and a positive balance for P and K (5.7 and 43.8 kg.ha’.yr™). The combined use of plant residues and
mineral fertilizersin small doses (N47P4s) on previously fertilized backgrounds helps maintain the positive humus and
N-P-K nutrient balance.

Keywords: balance, Chernozem, crop residues, humus, N-P-K nutrients.

1. INTRODUCTION

The current severe depletion of land resourcesnardbe world against the background of the
growing demand for food makes the most urgent probbdf their rational use. Soil is the main
mean of production in agriculture, and the cropldyidepends on the level of its fertility.
Interference in the relatively closed cycle of og elements existing in natural biocenoses
violates the natural balance. The removal of notsidy the crops requires their return to the soil.
Therefore, the regulation of the balance of thetnmportant indicators of soil fertility, humus and
available nutrients, is of particular interest. Hignwhich is a source of nutrients for plants,
improves the physical and chemical properties of activates soil biota, and so can be considered
an indicator of soil fertility.

In the 1980s, with the widespread use of high daxetertilizers, the balance of assimilable
nutrients in the chernozems of Moldova was posi{iv#6+35 kg.hd) and slightly negative in
humus content (-0.4 t.Ha By 2000, the balance was sharply negative anduated to -36-150
kg.ha' and -1.1 t.ha, respectively (Zagorcea, 1998; Angriend Zagorcea, 2002; Krupenikov and
Boincean, 2004; Andrie 2007; Krupenikov, 2008). Scientists S. Andraad C. Zagorcea in 2002
made a disappointing forecast for further reductadnhumus content to 2.5-3.0% by 2025
compared to 5-6% in 1897.
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As excessive accumulation of water-soluble nutsentthe soil, followed by their migration along
the profile, leads to disruption of the optimaldvade of biophilic elements, and the lack of mobile
forms of nitrogen, and partly of phosphorus, batiuce soil fertility and crop yields, grain quality
deterioration, especially for winter wheat.

Only nitrogen fertilizers and, to a lesser extémiproving crop rotation are able to compensate for
annual nitrogen losses (Krupenikov, 2008). Researasf Andrig (2007, 2011), Donos (2008)
devoted their papers to the nutrient regime of sbé in Moldova, in particular nitrogenous.
According to generalized research data in the USd\Russia, the use of high doses of manure and
the return to the soil of significant amounts @&t for 30-50 years can restore humus in the entire
profile (Glazovskaya, 2003).

The high cost of mineral fertilizers, the inabiltty apply manure in necessary quantities throughout
the territory due to the complexity of harvestinganic fertilizers, the lack of livestock farms or
their uneven distribution, require the search iteraative sources of nutrients and organic matter
to make up for their balance in the soil. One & thost affordable, environmentally friendly and
cheap source of organic matter in agriculture @ptesidues. They play an important role in the
biological cycle of substances and for maintainsag fertility. According to the data of various
studies, plant residues can be variable in theantjty and content, C/N ratio, mineralization rate,
which depends on many factors: biological char&ttes, growing conditions, cultivation
technology, etc. (Zagorcea, 1990; Gaillard et H399; Trinsoutrot et al., 2000; Nicolardot et al.,
2001;Abiven et al., 2005; Jensen et al., 2005; Clay et all/720Therefore, it is very important to
assess the balance of nutrients and humus in dperagtation over a long period.

Balance is determined by the total number of eléamémat entered the system soil - fertilizer -
plant, and were taken out of it (Peterburgskii, 398 he balance of humus consists of the amount
of incoming organic matter and the consumption winbs for a certain period of time or in a
certain area. The income side of biophilic eleméaiance includes substances with fertilizers and
ameliorants, root and stubble residues, sedimertjs, nitrogen fixation, etc. The outcome side
includes removal of nutrients with yield, migratiohsubstances beyond the root layer, evaporation
from the soil and transpiration of plants, denitation, soil loss with water and wind erosion,. etc
If the balance is positive, the income exceedsotiteome, the loss is compensated. Back in 1937
the Russian agrochemist D.N. Pryanishnikov, whdistuthe problem of the cycle and balance of
substances in agriculture, came to the conclusi@t it was necessary to achieve nitrogen
reimbursement by 80%, phosphorus - by 100-110%aixnikov, 1965). It is important not to
forget that the assimilation of one element dep@&mdhe content of other nutrients.

2. MATERIALS AND METHODS

The basic objective of the research was to askegzoissibility of obtaining a non-deficit balande o
the main indicators of soil fertility (humus andtrients) in Calcareous chernozewf Moldova
using small doses of mineral fertilizers and tiameof all plant residues of cultivated crops.

The research was carried out in the long-term feeideriment with fertilizers (from 1950) on the
Chetrosu Experimental Station of the State Agradaiversity of Moldova. The station is situated
in the Central Zone of Moldova (Chetrosu, AneniiiN&tudies were conducted in the 2001-2017
period.

The Central Zone of Moldova experiences a contadesiimate with rainfalls varying between 246
and 550 mm and an annual mean of 449 mm. As adrdaght occurs 1 year every three or four.
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The soil is Calcareous chernozem: light loam wits-20% humus (Tyurin), 0.8-1.5 mg.100g
mobile phosphate (Machigin), 18-22 mg.10Gchangeable potassium and 1.8-2.2% carbonates in
the 0-20 cm layer.
The experimental crop rotation is eight-field: neior grain (M.) — peas (P.) — winter wheat
(W.W.) — winter wheat (W.W.) — maize for grain (M-) peas (P.) — winter wheat (W.W.) —
sunflower (S.) (in 2003, another wheat was intredubefore sunflower into the crop rotation).
This rotation was put in place after two completeles of ten-field crop rotation with low doses of
fertilizer (1950-1970). Since 1971, a system ofilfeation for the planned yield was used in the
eight-field crop rotation: annual applications oinmeral fertilizers 300 kg NPK/ha — 1BPgooKgo
(from 1999 NoPsoKeo); an equivalent annual application of farmyard oranat 24 t.ha (from
1999 18 t.hd); combined manure at 12 t-ha mineral NoPsoKss (from 1999 manure 9 t.Hat
mineral NisPssKs0). Since 2005, the aftereffect of fertilizers haset studied. Since 2008, the
minimum doses required of mineral fertilizers;Rs have been introduced.
In this study, we examine the balance of humusrarndents of crop rotation with the application
of all plant residues (stalks, stubble, roots) fertlizers in small doses on four experimentaltgio
without fertilization from 1950 (1), with influencef small doses of mineral fertilizers (on average
N47Ps6 per year) on variants with previous long-term aaplon of mineral (NoPsoKso) (I1),
organic — manure 18 t.H4lll) and organomineral (manure 9 tha N;sPssKzo) (IV) fertilizers.
The crop rotation is set up in three 2 ha fiellls,drea of each experimental plot is 2G0(20 x 10
m), 3 replicates.
The vegetable residues were crushed during hangelti the combine harvester and embedded in
the soil: for winter wheat, during surface primggocessing with disk implements, for corn,
sunflower by plowing to a depth of 25-27 cm.
The humus balance (equation 1) is the differented®n the quantity of humus formed from plant
residues (using the humidification coefficient &ach different culture) and the mineralized humus
from the cropland under various crops (the datstwdies on the chernozem of Moldova, Anglrie
2007).

The Balance of humus E Neoformed humusy. Mineralized humus, t.fayr* (1)

The mass balance for nitrogen, phosphorus and omas(equation 2) of the crop rotation
comprised inputs with mineral fertilizers, cropidess and outputs with grain yield.
The calculation of nitrogen balance did not taki iaccount the receipt of seeds, sediments and
losses due to denitrification, considering thenmbéapproximately equal and compensating each
other.

The Balance of Nutrients (N/P/K)% Input (N/P/K) -3 Output (N/P/K), kg.hdyr! (2)

The balance of humus and nutrients was obtaineddohn culture in the study period, and then the
average for the entire period was calculated.

3. RESULTS AND DISCUSSIONS

Chernozems have a fairly high potential fertiliyhich positively affects the productivity of crop
rotation. On carbonate chernozem, in favorable Reratonditions, it is possible to obtain a winter
wheat crop at 2.8 t.Hausing only the natural fertility of the soil (Arids, 2007). In our experience
on a plot with natural fertility (control withoueftilizers since 1950) with the use of plant reesju
the yield of winter wheat in favorable years reatt855 t.hd (2016). In variants with the
aftereffect of long-term use in the past for footations and small doses of fertilizers in the pngés
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(on average annually\Pse), the yield of winter wheat reached 6.00 T1{2016). Still, the limiting
factor, which determines the productivity of crogown in Moldova, has been and remains
atmospheric precipitation. For example, for culiiva of winter wheat for the studied 17 years, the
unfavorable were 2003, 2007, 2009, 2012, and 2088 extremely unfavorable (with a yield of
0.16-0.33 t.hd), which significantly affected the productivity ofop rotation as a whole. Figure 1

shows the average yield for three years (in thigldd) of grain crops grown for the period 2001-
2017.
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Figurel. Averagegrain yield in the 2001-2017 period

The productivity of crop rotation and its effect eail fertility is assessed not only by the grain
yield, but also by biomass that is removed withdhegp and introduced into the soil in the form of
plant residues, as well as by the content of misien these plant residues, which accordingly
return to the soil. Figure 2 shows the yield o&strroot (in the 0-60 cm layer) and stubble ressdue
in the 2001-2017 period.

In those 17 years, in this field crop rotation dotgith natural fertility, 47.0 t.Haof root and
stubble residues and 62.2 tltaf straw (total - 109.2 t.i have formed, or respectively 2.76 and
3.66 (6.42 t.ha) as average per year; on fertilized variants, eetipely 58.1-58.6 and 104.1-105.9
(total 162.2-164.6 t.hY, the average per year - 3,42-3,45 and 6,12-8 239,68 t.ha) .

On the fertilized plots, not only the grain yieltitieases, but also the amount of plant residugs tha
get to the soil and pass into humus.

The balance of humus in crop rotation while intraidg into the soil all plant residues (root and
stubble residues, straw) for the 2001-2017 peri@$ walculated in two ways: 1. the balance
method using the humification coefficient and tineoant of mineralized humus in the chernozem

82

http://www.natsci.upit.ro
*Corresponding author, E-mail addresxl.diana@hotmail.com




Current Trends in Natural Sciences Vol. 7, Issue 13, pp. @®-3018

Current Trends in Natural Sciences (on-line) Current Trends in Natureiebces (CD-Rom)
ISSN:2284-953X ISS12284-9521
ISSN-L: 2284-9521 SIS-L: 2284-9521

of Moldova under different crops (Andsie2007); 2. nitrogen balance by the method of A.M.
Lykov. Table 1 shows the balance by the first métho
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® Stubble and roots (0-60 cm) 1 - Crop residues (natural fertility), 2 - Crop residues + N47P46 (NPK).
N Straw 3 - Crop residues + N47P46 (manure), 4 - Crop residues + N47P46 (1/2 manure + 1/2 NPK)

Figure 2. Average crop residuesyield in the period 2001-2017

Table 1. Humus balance (average for the period 2001-2017), t.ha™ .yr™
Crop residues

On average NP4 per year

Component of humus balance '
> Without Previous long-term application
fertilization
% Manure +
Manure 15 NPK
Neoformed from crop residues 1.20 1.78 1.81 1.79
Mineralization 1.09 1.09 1.09 1.09
Balance 0.11 0.70 0.72 0.70

According to studies, the amount of mineralized benn Moldovan chernozem under different

crops annually is comprised between 0.60 and 1tB8.tOf course, the mineralization of humus on
fertilized plots proceeds more slowly than withéertilizers, but since in our experience organic
fertilizers are not introduced in the form of maguand the doses of mineral fertilizers are not
large, we supposed the amount of mineralized humassthe same on all the plots, 1.09 {.ga*

on average for the studied period. The humus balanimsignificantly positive in all variants, even

without taking into account the amount of organiatter formed from the plant roots that died out
during the growing season, without taking into actathe root secretions, although according to
different data this amount of dead roots may be 20%e living weight, and root secretions may
be 10% (Novikov et al., 2012). For the naturalifigytof carbonate chernozem +0.11 g™

humus, this is not essential. On fertilized plotdhwhe introduction of all plant residues accoglin
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to the balance calculated with the first metho@P@.72 t.hd.yr* are formed, which is also not so
much. Calculated by the method of A.M. Lykov théabae of humus was even more positive: on a
plot with natural fertility, when introducing allant residues into the soil, 0.47 thaf humus is
formed annually. A more positive balance of humuthe soil on fertilized plots is explained by the
fact that mineral fertilizers, increasing the yiaticultivated crops, increase the amount of plant
remains left in the soll.

The N-P-K soil nutrient balance is presented ifegd&bh On the average, in the crop rotation, 15.8
kg.ha' of nitrogen was supplied to the soil for a yeartwstraw on a plot with natural fertility and
36.2 kg.h# on fertilized plots; phosphorus, respectively, fdl 17.5 kg.h4 potassium 28.8 and
56.0 kg.hd. 27.8 and 37.1 kg.Haof N, 11.2 and 12.2 kg.Haof P, 28.6 and 36.2 kg.haf K were
introduced with root and stubble residues.

Table 2. The N-P-K balance (average for the period 2001-2017

Input, kg.ha.yr* .

i ° : Output Balance Inte:fsny Capacity
With with yield, ka.ha r"l balance balance,
stubble, Total kg.halyrt <91 o kghalyr
roots

With With
fertilizers  straw

Nitrogen

Crop residues

& 0 158 27.8 436 4438 ‘1.2 1072 884
CrNOf?rISZiGd‘(J”e)S ' 469 355 371 979 834 14.5 1252  181.2
Cmf’?;eféd(LI’ﬁ’)S‘ ' 469 331 371 955 808 14.8 1183 1763
Cm%‘fféd(‘f\el)s ' 469 362 370 985 803 18.2 1227 1787

CVOP(rI‘)ESid“eS 0 70 112 182 125 5.7 151.0 30.7
CrNOf?rISZiGd‘(J”e)S ' 459 175 122 542 320 22.2 1804  86.2
Cm%eféd(tl‘ﬁ)s ' o459 172 122 539 340 19.9 1585 880
Cm%‘feid(‘ﬁ)s ' 459 166 122 532 336 19.6 1582 869
e (rl‘)*Sid“es 0 288 286 574 135 438 459.3 70.9
Clr\l"f?ﬁfedt’l‘f)s o 55.4 361 915 25.3 66.2 392.7 116.8
Cm%eféd(ﬁ)s oo 56.0 362 922 26.1 66.1 353.6 118.3
Cm%‘feid(‘ﬁ)s ' 0 542 358 900 253 64.8 3564 1153
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The negative balance was only in the nitrogen witltbe usage of fertilizers. We found a deficit in
N (-1.2 kg.hd.yr") with crop residues on experimental plot withoertifization (since 1950), on
fertilized plots positive +14.5+18.2 kg:hgr'. When straw is applied to the soil, it is
recommended to apply an additional 3-11 kg of ggrowith mineral fertilizers. This reduces the
ratio of nitrogen and carbon in the soil and préseime use of nitrogen from soil stocks by
microorganisms for the decomposition of straw, \Wwhwall worsen the nitrogen regime of plant
nutrition in the initial period of development. Baifter a while, when a half the mass of the stiaw i
decomposed, the amount of nitrogen increases.ristadies, on an average per yeatr, it is necessary
to bring 6.4 kg of nitrogen for 1 t of straw. Orplat with natural fertility, when introducing plant
residues, the plants will experience an even gregti®gen deficit, and on fertilized plots {})| the
balance will still be positive.

The phosphorus and potassium balances were bottivppsvith phosphorus to a lesser degree
(table 2). On experimental plot without fertilizai 5.7 kg.ha.yr* for P and 22.2 kg.hayr™ for K,

on fertilized variants, respectively, 43.8, and86kg.ha".yr™. The intensity of phosphorus balance
was 151-180%. Sunflower leaves behind very potassich plant residues in the crop rotation. In
our studies this content was 99-144 kg.pa'. This explains the absence of need to introduce
potash fertilizers with plant remains, in featus carbonate chernozem, which is sufficiently
provided by this element.

The conducted studies show that if there is noipiisg of using manure, which is known to have
a very favorable effect on the fertility of the Isot is possible to fill the plants' need for basi
nutrients and maintain a positive balance of hubystroducing into the soil all plant residues of
crops grown in the field crop rotation with additad application of nitrogen-phosphorus mineral
fertilizers.

4. CONCLUSIONS

On average, depending on the soil fertility levetl gear conditions, it is possible to return 6.42-
9.68 t.hd of plant residues to the carbonate chernozem thithfield crop rotation, of which 35-
43% or 2.76-3.45 t.iamade of root and stubble residues, and 57-64%66-&.23 t.ha of straw.

The introduced amount of plant residues providesftimation of 1.20 t.h&of humus on a plot
with natural fertility and 1.78-1.81 t.Haon fertilized plots. Taking into account the milération,

the humus balance is +0.11 thand + 0.70-0.72 t.Ha respectively. On fertilized plots, the
balance of humus is higher due to an increase afld yand, consequently, an increase in plant
residues left in the soil.

With plant residues, the soil receives from 43.88cb kg.hd of nitrogen, from 18.2 to 53.9 kgha

of phosphorus and from 57.4 to 92.2 kd-lo& potassium, which replenishes nutrients the yild
the main crop production in nitrogen by 87-97%, ggtwrus by 86-146% and potassium by 353-
425%. This explains the necessity to add a smalk dd,Ps of mineral fertilizers to the plant
residues.

The return to carbonate black earth all plant wessdwith the additional application of nitrogen-
phosphorus fertilizers (MPs6) provides the need in nitrogen for microorganischging the
decomposition of plant residues, helps maintaioste balance of humus and replenish the need
for plants in nutrients.
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