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An assessment of the spatio-temporal variability of the humus content in the soil is presented, and a
tendency of its decreasing in the agro-climatic regions of the Luhansk region is established. The cartograms
of the humus content spatial distribution and the tendencies of changing its content in the soils of the
Luhansk region for 20 years have been obtained. A very high humus content in the soil (from 4 to 6.5 %) is
observed in the northern, central, and, partially, in the southern and eastern parts of the first agroclimatic
region, where mainly thick and ordinary medium-humus chornozems are located in the loess rocks. In the
rest of the territory, the humus content varies mainly from 2 to 4 %. In most of the territory of the second
agroclimatic region, except for the southern strip, which stretches from the northwest to the southeast, the
humus content in the soil is 3—4%, interspersed with those areas with high (up to 4-6 %) humus content.
The soil covers of the third agroclimatic region are characterized by a great variety of soil types. In most of
the region, there are ordinary crushed chernozems on the eluvium of the dense bedrocks with a predominant
humus content of 2.5-4 %, and here, in a narrow strip (along the Anthracite — Sverdlovske line), there are
powerful medium-humus chernozems on the loess rocks with a high content humus up to 4-6 %, a small part
of them is also in the south of the region. In the eastern part of the district (to the east of the Lutugino —
Krasnodon line), there are ordinary medium-thick medium-humus chernozems and ordinary low-power low-
humus chernozems, where the humus content is mainly 2-3.5 %. Over the years of surveys between 1987—
1991 and 2007-2011 against the background of sufficiently high humus content in the soil compared to the
other regions of the Steppe zone of Ukraine, the decrease in the humus content in the first agroclimatic
region was 0.49 % in absolute terms (89.62 % of the results of the first survey), in the second agroclimatic
region — 0.29 % (92.45 % in relative values), in the third agroclimatic region — 0.1 % (97.48 % in relative
values). The variation in the humus content in the soil is the smallest in the first agroclimatic region (the
coefficient of variation is 15.37 %), where the soil cover is more uniform, it is somewhat larger in the second
and third regions (the coefficient of variation is 20.0 and 20.67 %), where the soil cover is more variegated.
The number of fields (cases) with a high humus content decreased, and the number with an average content,
on the contrary, increased.
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CIIbCbKE NOCrnoaAPCTBO. EKONOTIA
IMPOCTOPOBO-YACOBA MIHJIMBICTbh T'YMYCY YOPHO3EMHUX IPYHTIB

A. M. Ionvosuii*, O. F0. Muxumior?, JI. IO. Boxcko*, O. A. Bapcykoea®, B. B. Tununiox*
L Onecwknii nepasuuii exonoriunmii yuisepeuret, M. Ozeca, Ykpaina
2[HCTUTYT PO3BUTKY TEPUTOpPiadbHUX rpomMa, M. Kuis, Vkpaina

Ilpeocmasneno oyinky HNpoOCMOpPOBO-YACOBOI MIHAUBOCMI 6MICcmYy ZymMycy V IPYHMI, 6CMAHOBIEHO
MeHOeHYilo 1020 00 3MEHWeHHs NO aspoKiiMamuunux pationax Jlyeancexoi obracmi. Ompumano
Kapmozpamu npocmoposo20 pOo3nooiny eMiCmy 2ymMycy ma meHOeHyii 00 3MiHU 1020 émicmy y TPYHmMax
Jlyzancwroi oonacmi 3a 20 poxis. dyoice aucokuti emicm eymycy y ipyumi (6i0 4 0o 6,5 %) cnocmepicacmubcs
V NiBHIYHIl, YEeHMPANbHIU I, YACMKO080, Y NIGOeHHIU Ma CXIOHIll YACMUHAX NEpUulozo aepOKLIMAmMUYHO20
Pationy, 0e po3maulo8ami NepesadcHo HYOPHO3EMU NOMYICHI MA 36UUALHI CePeOHbOZYMYCHI HA 1ecO8UX
nopoodax. Ha pewumi mepumopii émicm 2ymycy smiHIoEmbCs nepesaxico 6io 2 0o 4 %. Ha binvwit uacmuHi
mepumopii 0py2020 azpoKIMAMUIHO20 PAllonY, 3a GUHAMKOM NIBOEHHOI CMY2U, WO MASHEMbCS 3 NIGHIYHO20
3ax00y Ha Ni6OeHHUll cxio, emicm z2ymycy y IpyHmi cmanogums 3—4 % i3 expanieHHaMu mepumopii i3
niosuwjenum (00 4—6 %) emicmom eymycy. /s ipynmogoz2o nOKpugy mpemuvo2o azpoKiiMamuiHo20 paioHy
XapaxkmepHa 6enuxka cmpokamicmv munié IpyHmie. Ha Oinvwili wacmuui pationy po3mauiogyromscs
YOPHO3EMU 36UNALIHI WeOeHIO8ami HA eN08I] WINbHUX KOPIHHUX NOPIO I3 NEPeSANCHUM MICTOM 2yMyc)y 2,5—
4 %, mym drce 8y36K010 cmyeoro (no ainii Aumpayum — Ceeponoscovie) po3smiuiyromuscs YOPHO3EMU NOMYHCHI
CEPeOHbORYMYCHI HA NIeCOBUX NOPOOAX 3 GUCOKUM @Micmom eymycy 00 4—6 %, uegeauxa ixua uacmuna
3HAX00UMbCA MAKONHC HA NiBOHI pationy. Y cxiOHill wacmuni pationy (Ha cxio ninii Jlymyauno — Kpacnooon)
PO3MAUOBYIOMbCA  YOPHO3EMU  36UUALIHI  CEPeOHbOZYMYCHI 1  YOPHO3eMU  36UYANIHI  MATONOMYIHCHI
MANO2YMYCHI, 0e MiCm 2yMycy CmanHosums nepesadicno 2—3,5 %. 3a poku obcmecensv mise 1987—1991 ma
2007-2011 pp. mHa mni Odocumv GUCOKO20 6MICHY 2YMYCYy V IDYHMI HOPIGHAHO 3 [HWUMU OOIACAMU
Cmenosoi’ 30nu Yxpainu 3nudicenns emicmy 2ymycy CMAaHOo8ULO y NEPULOMy a2pOKIIMAMUYHOMY PAUOHI
0,49 % 6 abcomomnux eenuuunax (89,62 % 6i0 pezyibmamie nepuioco 006CmMedNCceHHs), Y Opyeomy
azpoxnimamuynomy pationi 0,29 % (92,45 % y eionocnux eenuuunax), y mpemvomy azpoKiiMamuidHoMy
pationi 0,1 % (97,48 % y eionocnux serununax). Bapiayis emicmy 2ymycy y IpyHmi — HAUMeHUA 8 NepuLomy
azpoxkaiMamudHoMmy pationi (koegiyienm eapiayii 15,37 %), e Oinbit 0OHOPIOHULL [DYHMOGUU NOKPUE, OeUiO
Oinbuwuil y oOpysomy i mpemovomy paiionax (koegiyienm eapiayii 20,0 i 20,67 %), wo 6iopisHsacmbcs Oinvu
CMPOKAMUM TPYHMOBUM NOKpusom. Kinbxicme nonie (6unaoxie) 3 6UCOKUM BMICIOM 2YMYCY SMEHUUNOCA, d
i3 cepeOHiM eMiCmMoOM — HABNAKU, 30IIbULUTIOCA.

Kniouoei cnoea: wopnozem, eymyc, azpoxiimamuytuil paion, apiayis, acumempis, ekcyec.

Introduction

Developing and implementing the new farming technologies, especially precision farming, managing the
agricultural crops production process seems problematic without assessing the spatio-temporal variability of
the indicators characterizing the soil fertility [16].

Assessing the agroecosystems soil fertility and its spatial and temporal variations are important for
predicting its possible future changes in the face of climate changes. Understanding the spatial distribution of
soil organic carbon (SOC) and predicting its future state is essential for future estimating the CO, emissions
and the management options for carbon storing. Taking into account the spatial heterogeneity of the specific
fields fertility, intra-field variability is the basis of the precision farming modern technology.

There are several lines of researching the spatial and temporal variability of the soil fertility.
Conditionally, the first of them should include the works devoted to assessing the soil carbon stocks and
these stocks spatial distribution [22, 25, 26].

Soil organic carbon (SOC) is the largest carbon storage in the Earth. Understanding its dynamics and the
environmental factors that influence its behavior as an absorber or a source of atmospheric CO; is critical to
guantifying the carbon balance globally.

The second direction represents a wide range of works, where the spatio-temporal variability of
agrochemical and physical soils characteristics is considered [21, 23, 27].

The third area of researching the soil fertility dynamics should include studying the influence of the
climatic factors on the dynamics of the soil fertility indicators and predicting the soil carbon reserves in
connection with climate changes [17, 18, 20].
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The fourth line of the research is characterized by the works devoted to the problem of the carbon
sequestration in the soils, the so-called “carbon sequestration”, aimed at the possibly slowing climate change
and mitigating the consequences of these changes [19, 24].

An analytical review of the opinions on the methodology for applying the geostatistical approach using to
characterize the soil cover heterogeneity and the soil properties variability is presented [11]. In the works [4, 6],
the modern ideas about the geostatistics the ory and methods and their application in soil science and ecology.

Using the geostatistics methods provides a quantitative description of the soil spatial variability, increases
the accuracy of estimating the soil properties during interpolating the data and making the cartograms, and
also serves as a basis for planning the rational soil sampling [7, 28].

One of the important fertility indicators is a humus content in the soil and the change in its content is
influenced by both natural and anthropogenic factors.

The aim of this work was to study the humus spatio-temporal variability in the Luhansk region chernozem soils.

Materials and methods

The object of the research was the chernozem soils of the Luhansk region, located in the southeastern part
of Ukraine (between 47°49'and 50°05'north latitude and 37°52'and 40°13'east longitude). The region is
located on the territory of two Donbass soil provinces: the zadonetsk northern steppe and the Donetsk
northern steppe.

The climate of the Luhansk region is moderately continental, with pronounced dry-dry wind phenomena.

Winters are little snowy, unstable, summers are warm with unstable moisture and dry periods. According to
the heat and moisture conditions, three agroclimatic regions are distinguished on the territory of the region (fig. 1).

The research was based on the results obtained in [10]. Determining the humus content in the soil was
carried out according to the approved methodology [5]. We examined the humus spatio-temporal variability
in the chernozem soils in three agroclimatic regions of the Luhansk region.

Calculations and statistical processing were performed in the STATISTICA 8.0 program. The
geostatistical analysis was performed using the Surfer 11 package.

Indicators of the agroclimatic resources

Agproclimatic region during the crops active vegetation peried

Sum of positive )

temperatures Qpa.'c_lttt}- H}-dmth_s:mal
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I. Sufficient heat supply, 2870 — 2000 310-313 1.0
sufficiant and unstable
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II. Adequate heat supply, 2000 — 2970 280303 08—-1.0
unstable moisturs
1. A high level of heat 3000 — 3103 300303 0.8-1.0
zupply, unstable s
humidification Agroclimatie

r2Elo0ns

Fig. 1. Agroclimatic zoning of the Luhansk region [2].

Research results and their discussion

The main reason in declining the soil fertility is violating the laws of agriculture. Nowadays, extremely
small amounts of organic fertilizers are being applied. Mineral fertilizers are also applied insufficiently. As a
result, there is a decrease in the soil fertility, first of all, this refers to decreasing the content of humus in the
soil - an integral indicator of the soil fertility [8].
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The spatial pattern of the humus content distribution in the Luhansk region soils is shown in fig. 2. In the
figure, a light shading represents the lowest values, and a darker shading is associated with the highest
humus content in the soil. Let us consider the humus spatio-temporal variability in the chernozem soils in
three agroclimatic regions of the Luhansk region.

The first agroclimatic region. The soil cover, of the first agroclimatic region is characterized mainly by
ordinary medium-thick medium-humus chernozems on the loess and loess-like rocks and partly by ordinary
low-thick low-humus chernozems on the loess-like rocks. A very high humus content in the soil (from 4 to
6.5 %) is observed in the northern, central and, partially, in the southern and eastern parts of the first
agroclimatic region (figure 2a), where mainly thick and ordinary medium-humus chernozems are located on
the loess rocks. In the rest of the territory, the humus content varies mainly from 2 to 4 %. During the study
period there was a decrease in the humus content in the soil (table 1). It was especially significant in the late
1990 — early 2000 years, when using the organic fertilizers sharply decreased. In total, compared with 1986—
1989, the humus content in the soil in 2007-2009 years decreased by 0.49 %in an absolute value, which
amounted to 10.38 % of the initial values.

Humus. %

a)
Humus. %
b)
Humus. %
c)

Fig. 2. The cartogram of the spatial distribution of the humus content in the Lugansk region soils,
agroclimatic regions: a) I, b) 11, ¢) I11.
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1. Statistical parameters of the humus content in the soil (the | agroclimatic region)

Years of surveys Ratio of the last
No Indicators 1986 1991- 1997 2002— 2007— | survey results to the first
1989 1994 1999 2004 2009 survey results, %
1 |Number of cases 306 306 306 306 306
2 |Average 4,72 4,70 4.64 4.46 4.23 89.62
3 |Standard mean error 0.04 0.04 0.04 0.04 0.04
4 |Median 4,78 4,73 4.66 4,54 4,28 89.54
5 [Mode 490 5.0 491 4.60 417 85.10
6 |Standard deviation 0.75 0.70 0.67 0.64 0.65 86.67
7 [The coefficient of 1580 | 14.89 | 14.44 | 1435 | 1537 97.00
variation,%
8 |Asymmetry -0.21 -0.01 -0.13 -0.60 -0.43
9 |Excess -0.46 0.42 -0.22 0.28 0.11
10 |Range 3.82 478 3.76 3.67 3.64 95.29
11 [Minimum 2.55 2.96 2.78 2.31 2.23 87.45
12 [Maximum 6.37 7.73 6.54 5.96 5.67 89.01
H1u1111§,%
2) 5
Humus. %
'D\
b) LL,
Humus, %
C) 02

Fig. 3. The cartogram of the tendency of changing the humus content in the Lugansk region soils by five
year periods, agroclimatic regions: a) I, b) 11, ¢) 111
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Decreasing the indicators of the humus content in soil (average, mode, median, maximum, minimum)
shows that there is a redistribution of fields (cases) with a high humus content. In particular, the number of
fields (cases) with a high humus content decreased, while those with an average content, on the contrary,
increased. Figure 3 shows the tendencies of these changes for five years. They differ in color saturation,
which characterizes both positive and negative tendencies in changing the humus content. As can be seen
from the data in figure 3a, on the territory of the first agroclimatic region, the following can be distinguished
rather conditionally by the tendencies values: the relatively narrow western subregion, which will be
characterized by the lighter spots inclusion, showing that some of the fields have a positive tendency to
humus changing; the central subregion, which is characterized by a predominantly negative tendency to
changing the humus content; the eastern subregion located to the east of the central subregion and
characterized by a positive tendencies.

A positive tendency for humus changing is observed in the low and flat relief elements. This is due to less soil
erosion and greater adherence to agricultural practices and crop rotation in these fields. For the first agroclimatic
region, the changing tendency is very variegated and varies across the territory from +0.2 to —0.6 %.

The second agroclimatic region. The soil covers of the second agroclimatic region is dominated by
ordinary medium-thick medium-humus chernozems and ordinary low-humus chernozems, in the eastern part
of the region there are southern low-humus chernozems on the loess-like rocks, and there are ordinary low-
humus chernozems, soddy-podzolic soils and and soddy-sandy soils in the southern part of the region.

In most of the territory of the second agroclimatic region (figure 2b), with the exception of the southern
strip, which stretches from the northwest to the southeast, the humus content in the soil is 3-4 %,
interspersed with those areas with a high (up to 4-6 %) humus content. The analysis of the table 2 statistical
data shows that the interval of the average humus content values in soil varies from 3.84 to 3.55 %. In total,
from the first to the last round of the survey, the average humus content value in absolute terms decreased by
0.29 %. This change was not uniform.

2. Statistical parameters of the humus content in soil (11 agroclimatic region)

Years of surveys Ratio of the last survey
No Indicators 1987—- 1991 1997—- 2002—- 2007—- results to the first
1991 1996 2001 2006 2011 survey results, %
1 |Number of cases 310 311 311 311 311
2 |Average 3.84 3.83 3.82 3.65 3.55 92.45
3 |Standard mean error 0.04 0.04 0.04 0.04 0.04
4 |Median 3.84 3.90 3.86 3.71 3,61 94.01
5 |Mode 4,50 3.60 3.59 3.37 3.42 76.0
6 |Standard deviation 0.79 0.74 0.71 0.78 0.71 89.87
7 [The coefficient of 2057 | 1932 | 1859 | 21.37 | 200 97.23
variation,%
8 |Asymmetry -0.56 -0.94 -0.74 -1.04 -0.52
9 |Excess 1.13 1.90 0.88 3.28 1.03
10 |Range 5.39 4.68 412 5.44 4.37 81.08
11 |Minimum 0.78 0.80 1.30 0.0 1.10 141.02
12 |Maximum 6.17 5.48 5.42 5.44 5.47 88.65

The most significant changes in the humus content occurred between the third and the fourth periods of
the surveys. During the survey period from 1997-2001 to 2002—2006 the average humus content in relative
terms decreased by 19.0 %.

The second agroclimatic region is also characterized by the variegated tendency of changing the humus
content in the soil. Over the five-year period, it changes from +0.3 to —0.6 %. The western subregion with
positive tendencies is distinguished (Figure 3b), the central subregion is characterized by the presence of
both positive and negative tendencies, and to the east the negative change tendencies in the humus content in
the soil prevail.

The third agroclimatic region. The soil covers of the third agroclimatic region is characterized by a great
variety of soil types. In most of the region, there are ordinary crushed chernozems on the eluvium of the
dense bedrocks with a predominant humus content of 2.5-4 % (figure 2c), and here, in a narrow strip (along
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the Anthracite — Sverdlovskoe line), there are powerful medium-humus chernozems on the loess rocks with a
high content humus up to 4-6 %, a small part of them is also in the south of the region. In the eastern part of
the district (to the east of the Lutugino — Krasnodon line) there are ordinary medium-thick medium-humus
chernozems and ordinary low-power low-humus chernozems, where the humus content is mainly 2-3.5 %.

With a positive (by 0.18 % absolute values) dynamics of the average value of the humus content in the
soil in the period from the first (1984-1991) to the second (1992-1996) survey, in the future — the third,
fourth and fifth periods — there was a decrease of the humus content in the soil. It amounted to 0.20 % of
absolute values. The mode values varied from 4.70 to 3.30 % of absolute values; it decreased by almost
30.0 % (table 3).

The spatial distribution of the tendency for changing the humus content in the soil (figure 3c) shows a
significant variation in the tendency values from positive to negative. For the third agroclimatic region, a
predominantly high negative value of tendency changing (up to —0.3; —0.6 %) will be characteristic. It should
be noted that for powerful medium-humus chernozems, the loss of humus will be more significant.

Being the main base of agriculture, chernozem soils change under the influence of natural factors and an
ever-increasing anthropogenic loading. Many studies have been devoted to knowing the trend of changes in
the chernozems properties, which allows us to compare our results with the materials related to the dynamics
of changes in the chernozems humus state in the different climatic conditions.

3. Statistical parameters of the humus content in soil (111 agroclimatic region)

Years of surveys Ratio of the last survey
Ne Indicators 1987— 1997— 1997— 2007— 5007 results to the first
1991 1996 2001 2006 2011 survey results, %
1 |Number of cases 243 294 294 294 294
2 |Average 3.97 415 4.07 3.95 3.87 97.48
3 |[Standard mean error 0.06 0.05 0.05 0.05 0.05
4 |Median 4.0 418 4.15 4,02 3.89 97.25
5 |Mode 4,70 4.69 4.24 415 3.30 70.21
6 |Standard deviation 0.92 0.88 0.85 0.81 0.80 86.96
7 [The coefficient of 2317 | 21.20 | 2088 | 2051 | 20.67 89.21
variation,%
8 |Asymmetry -0.08 -0.09 -0.20 -0.32 -0.21
9 |Excess -0.42 -0.12 0.13 0.16 0.10
10 |Range 5.18 5.66 5.49 4,90 5.08 98.07
11 [Minimum 1.05 1.08 0.81 0.88 1.12 106.67
12 [Maximum 6.23 6.74 6.30 5.78 6.20 99.52

Changing the forms of management and land ownership, which have become the main content of the
reforms in the agricultural sector in Ukraine in recent years, unfortunately, affected the soil fertility negatively.
They have lost a significant part of humus, the world fertile chernozems have turned into the soils with an
average level of fertility and continue to deteriorate [8]. Comparing the humus content of the soils at the time of
Dokuchaev [3] with the present state indicates that the relative losses of humus over this, almost 120-year
period, reached 22 % in the forest-steppe, 19.5 % in the steppe and 19 % in the Polesie zones of Ukraine. The
dehumification processes have not stopped over the past 20 years, but continue to proceed with a fairly high
intensity. According to the results of the agrochemical certification of the agricultural lands during the last 4
rounds (1986-2005), the humus content in Ukraine decreased by 0.5 % in absolute terms. This is comparable to
the obtained results of the land certification in the Luhansk region in the period 1986-2011. Thus, the
calculations show that for the first agroclimatic region, the humus content decreased by 0.49 %, for the second
region — by 0.29 %, and for the third — by 0.10 % in absolute terms. The average humus content in the soil in
the Luhansk region is 3.85 %, which is significantly higher compared to the Kherson region chernozems
located in the same soil-climatic zone [9], which regional average equals to 2.4 %.

The maximum humus content in the soil in these areas is 9.0 and 3.8 %, respectively. The spatial
heterogeneity of the humus content in the soil cover is large in the soils of the Kherson region (the
coefficient of humus variation is 28.75 %) compared to the Luhansk region (the coefficient of variation is
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17.30 %). It should be noted that the smallest variations are observed in the soils of the first agroclimatic
region (14,35-15.89 % over the years of surveys), the variability of the humus content in the soil in the
second agroclimatic region is slightly higher (18.59-21.37 %) and it is higher in the third agroclimatic region
(21.20-23.17 %) It is also necessary to point out one peculiarity: from the first to the last survey date, the
variability is decreasing.

The state of the soils in Ukraine at the present stage is reflected in the works [12, 14], which indicates that
the main reason for decreasing the soil fertility is a violation of the laws of agriculture. Sharp decreasing the
volumes of the applied organic fertilizers and insufficient applying the mineral fertilizers are the reasons for
decreasing the soil fertility over the past two decades. First of all, this concerns a decrease in the content of
humus - an integral indicator of fertility. In the fundamental work [15], the current state and the direction of
the chernozems evolution in the Central regions of Russia is considered. It is noted that the plowing of the
virgin chernozems leads to a significant decrease in the humus content in the arable chernozems.

In the conditions of the Central chernozem region of Russia (Belgorod region), it was established [13]
that the humus content in the arable layer of the leached and typical chernozems decreased by 0.4-0.6 %, and
in the ordinary chernozems decreased to 1.0 %. And in the conditions of the Kursk region for a 47-year
observation period [1], a significant decrease in the humus content of the chernozems, which are typical at
the experimental plots, was revealed: 6.22; 5.60; 5.07 % on the Kursk region arable chernozems. At the same
time, the total loss of humus reached 18.5 % of its initial content, and the annual losses amounted to 0.02—
0.03 %. These humus losses are comparable to the humus content losses in the first agroclimatic region of
the Luhansk region (0.49 %) and exceed them.

Conclusions

As a result of the assessment of the humus content spatio-temporal variability in the soil, a tendency for its
decrease in the agroclimatic regions of the Luhansk region was established. A cartogram of the spatial
distribution of the humus content in the soils of the Luhansk region was obtained. Over the years of surveys
between 1987-1991 and 2007-2011 against the background of a fairly high humus content in the soil compared
to the other regions of the steppe zone of Ukraine, the decrease in the humus content in the first agroclimatic
region was 0.49 % in absolute terms, in the second agroclimatic region it was 0.29 %, in the third agroclimatic
region it was 0.1 %. The variation in the humus content in the soil is the smallest in the first agroclimatic region
(the coefficient of variation is 15.37 %), where the soil cover is more uniform, it is somewhat larger in the
second and third regions (the coefficient of variation is 20.0-20.67 %), which are characterized by a more
variegated soil cover. Cartogram of the tendency for changing the humus content in the soils of the Luhansk
region for five years has been built. On the territory of the region according to the values of the tendencies in
changing the humus content, the western and eastern subregions can be distinguished quite conditionally. A
positive tendency for changing the humus is observed in the low and flat relief elements. This is due to less soil
erosion, greater adherence to agricultural practices and rotating the crops in these fields.

Prospects for further research — the obtained results of the research provide a basis for determining the
areas in which a significant change in agricultural techniques for growing agricultural crops is needed in
order to overcome the negative trend of reducing the content of humus in the soil.
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