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BbILLEPACCMOTPEHHOrO, HadMHass ¢ pasbl BOCKOBOM

cnenocTu, cHmkanack Ao 70% HB.

Tabnuua 5 — KoadduumeHT BogonoTpebneHms n 3atpaTbl OpoCcUTENbHOW BOAbI NPU pasfnnyHbIX BOA-
HbIX peXuMax KanenbHoOro opoLieHusi puca (go3a yao6peHui Ha ypoxanHocTb 6 T/ra)

3aTtpartbl
Mpeano- CymmapHoe Ypoxait- OpocuTte- Koadhdpumum- opocSTenb-
nuBHasg BriakHocTb | oAbl ucc- | BoponoTpe- | Sl nbHas €HT BoJomno- Ho BogI
noyBkl, nenoBaHuin 6neHwue, ’ HopMma, TpebneHus, y
% HB mira a M /ra v Ha MTB/gmca,
80 2013 6137 5,74 4440 1069,2 773,5
h=0 6 M 2014 6122 5,64 5550 1085,5 984,0
’ cpeaHee 6130 5,69 4995 1077,3 877,9
80 2013 6602 6,15 4700 1073,5 764,2
h=04 M 0.6 M 2014 6605 6,09 6060 1084,6 995,1
’ ’ cpeaHee 6604 6,12 5380 1079,1 879,1
80 n 70 2013 6464 6,03 4510 1072,0 7479
h=04n 0’6 " 2014 6465 5,97 5500 1082,9 921,3
’ ’ cpegHee 6465 6,00 5005 1077,5 834,2
BbiBoabl. [peanoxeHHass TexHOMorus BOAO- Menwuopaums n BogHoe xo3ancTeo. — M., 2014. - Ne 3.- C

cbeperatoLero OpoLUEHUs puca OCHOBaHa Ha WUc-
Nonb30BaHNN MPUHLMMNMANBHO HOBOrO TUMa BOOHOrO
pexuma MouBbl, CO34aBaEMOro nepuoandYeCcKUMM
nonveamu n obecneynBaloLLEro CHWXeHue 3aTpar
OpOCUTENBHOW BOAbI Ha eauHuuy nnowagu B 2,0 —
5,6 pa3 no cpaBHEHUIO C TPAAMLIMOHHOM TEXHONOrnemn
opolueHust 3atonneHnem 4vekoB. CambiM addeKTUB-
HbIM MO 3aTpaTamM OpPOCUTENbHON BoAbl HA OPMUPO-
BaHWe eMHWLbI TOBAapHOW NPOAYKUMM puca okasarncs
BapuaHT nogaepxaHus BnaxHocTn nousbl 80% HB B
cnoe 0,4 m o koHua dasbl kyweHus u 0,6 m B no-
crneayooLwWwmn nepuog Beretaumm ¢ AONyCTUMbIM CHU-
XKEHWEeM BNaXHOCTWM B Mepuoa OT BOCKOBOW OO MOn-
How cnenoctu 3epHa Ao 70% HB. KanenebHoe opolue-
HVMe B COMETaHUU C Hay4YHO-OBOCHOBaHHLIM BHECEHM-
eM ypobpeHuii obecneynBaeT MNosfyYyeHUe BbICOKON
YPOXanHOCTN U 3KOHOMUYecKoro adpdekTta, HemTpa-
nnayeT aKoriormyeckme npobnembl, CBA3aHHbIE C NPO-
OOIDKUTENbHBIM NOAAEPXKAHWEM CMOSi BOAbI B YeKax,
MO3BONSAET MCMONb30BaTh Mo NOCEBbLI pUca OpocuTe-
TNbHbIE CUCTEMbI OOLLIErO HAa3HAYEHNS.
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THE SULPHUR CONTENT IN GRASSLAND SOILS IN POLAND IN 2009-2011

STEFAN PIETRZAK

Institute of Technology and Life Science, Falenty, Raszyn, Poland

Introduction. Sulphur is an essential nutrient
plant, classified as macroelements, and in the terms
of importance it ranks right after nitrogen, phosphorus
and potassium. However, for several years in
agricultural soils in different parts of the world this
component is in deficient and the situation in this
regard deteriorates (Barczak, 2010). Also in some
areas of Poland there is a paucity of sulphur in soils
and its negative balance in the main cultivated plants
species is observed (Podlesna, 2013). Sulphur
deficiency is an increasingly widespread phenomenon
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also in grassland soils in the world (Breymeyer and
van Dyne, 2012; Muir et al., 2008), especially in soils
fertilized with high doses of nitrogen (Defra, 2010).
Insufficient amount of sulphur in the grassland soils
limits grass growth, protein production and reduces
the efficiency of nitrogen use, which increases the risk
of nitrates leaching (Mathot et al., 2008 by Murphy
and O'Donnell, 1989 and Brown et al., 2000). To
avoid these consequences is needed testing of
grassland soils in terms of sulphur content and
appropriate to the obtained results their fertilization
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with sulphur-containing fertilizers.

Aim of this study was to recognize the state of
the sulphur content in the top layer of soil under
grassland in Poland and dynamics its seasonal
changes.

Materials and methods. The research was
conducted in 2009-2011 in the framework of the
monitoring system of soil and water in the areas
occupied by grassland in Poland. Monitoring is lead
by the National Agrochemical Station (KSChR) and its
regional stations in cooperation with the Institute of
Technology and Life Sciences. Soil samples were
taken from the 0-30 cm soil layer, from 317-326
(depending on the year) permanent monitoring points
designated in grasslands across the country. Samples
were taken twice a year: in early spring, before the
application of nitrogenous fertilizers (i.e. before or
immediately after the start of the growing season) and
autumn - after harvesting the plants. In the solil
samples were determined: /i/ total sulphur (Siot)
content, after sintering soil magnesium nitrate - by
nephelometry; /ii/ sulphur sulphate (S-SO4) content,
after extraction with a solution of ammonium acetate
and acetic acid - by nephelometry. Results of
laboratory analyzes were processed statistically by
calculating on their basis the arithmetic means and
coefficients of variation - CV. Furthermore the normali-
ty of results distribution using the Shapiro-Wilk test
and the significance of differences between mean
values of the series from spring and autumn periods,
using Student's t-test were tested.

Obtained data concerning average total and
sulphate sulphur content in the soil were classified by

comparison with the Ilimit values used for the
evaluation of the sulphur content in the soil (Kabata-
Pendias et al., 1993) and proposed standards for the
evaluation of sulphur available for the plants cultivated
on mineral soils (Lipinski et. al., 2003).

Results and discussion. In 2009-2011, the
average total sulphur content in the 0-30 cm layer of
mineral grassland soils in Poland, was 395.0 mg kg'l
in spring periods and 391.4 mg kg'l in autumn
periods, while in mineral-organic and organic soils
1607.7 mg kgt and 1522.4 mg kg®, respectively.
Average sulphur sulphate content in mineral
grassland soils during the whole study period was
13.6 mg kg™ in the spring season and 18.1 mg kg™ in
the autumn season. While the S-SO, content in
mineral-organic and organic soils reached in the
mentioned seasons values: 43.3 mg kg'l and 45.6 mg
kg™, respectively (Table 1). The observed seasonal
variation was statistically significant only in respect of
the contents of S-SQO4 in mineral soils (t = -3.403; p =
0.001; df = 1494). During the study period occurred -
sometimes quite significant, changes in the content of
total sulphur and sulphate in grassland soils.
Differences in the S content in various years of the
study reaching up to 109 mg kg in mineral soils, and
more than 566 mg kg™ in organic. In the case of S-
SO, these differences reached 3.2 and about 17.9 mg
kg™, respectively. The reason for these disparities
probably was the diversity of weather conditions in
particular years of the study (in 2009, 2010 and 2011
precipitation and average temperatures in Poland
amounted to 692; 830; 576 mm and 8.6; 7.5 and
8.9 °C).

Table 1 - Descriptive statistics of the total sulphur content and sulphate, the mineral (MS) and
mineral-organic and organic (OMS and OS) grassland soils in Poland in the 0-30 cm layer
in the years 2009-2011
Total sulphur Sulphate sulphur
Soil type Year n mr?%r‘sgf_’rl‘g?t’ CV,% | n rrrr‘lgasrfgggfg”& CV, %
spring
MS 2009 282 335.8 90.2 283 11.8 124.8
OMS and OS 35 1329 58.7 35 52.4 133.8
MS 2010 288 403.2 108.3 247 15.0 165.2
OMS and OS 38 1895.3 52.8 38 43.2 130.7
MS 2011 287 444.8 178.4 245 14.3 143.5
OMS and OS 35 1574.1 65.3 35 34.5 99.3
MS 2009- 857 395.0 140.2 775 13.6 148.6
OMS and OS 2011 108 1607.7 60.0 108 43.3 128.2
autumn

MS 2009 240 372.1 85.3 239 19.5 173.6
OMS and OS 34 1508.2 72.4 34 52.9 102.5
MS 2010 238 381.8 82.9 237 16.9 172.4
OMS and OS 35 1437.8 60.7 34 384 90.8
MS 2011 246 419.4 119.3 245 17.9 148.3
OMS and OS 35 1620.9 74.6 35 45.6 98.7
MS 2009- 724 3914 99.4 721 18.1 165.5
OMSand OS | 2011 104 1522.4 69.6 103 45.6 99.3

Source: own elaboration based on results of KSChR

The level of St and S-SO4 in most parts of
grassland soils was natural acc. to classification elab-
orated by Kabat-Pendias et all. (1993). Higher than
the natural sulphate and total sulphur content
approximately was recorded, respectively in 7.5-
10.4% and 3.2-3.3% (depending on the season)

mineral soils and 2.6-12.8 and 5.3-20.5% and mineral-
organic and organic soils. Referring to the data on the
content of sulphate sulphur in the grasslands soil to
the proposed standards to determine needs of
grasses fertilization with this component, has been
found that in classes with very low and low S-SO4 was
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about 57.6-61.7% mineral grasslands soil, and in
classes with an average, high and very high content of
S-S0O4 was 18.4-20.0% and 18.3-24.0% this type soil,
respectively. These results suggest that in a large
area of grassland mineral soils may occur sulphur
deficit. This problem is probably to a much lesser
extent relates to mineral-organic and organic
grassland soils (it is difficult to clearly determine due
to a lack in this area limit values permitting detailed
analysis).

Conclusion. In 2009-2011, in the 0-30 cm layer
of mineral grasslands soil in Poland, the average
content of Sy and S-SOq, dePending on the season
amounted 391.4-395.0 mg kg~ and 13.6-18.1 mg kg
! andin mineral-organic and organic grassland soils —
1522.4-1607.7 mg kg* and 43.3-456 mg kg’
respectively. In the whole three-year cycle of study S-
SO, content in mineral soils was statistically signifi-
cantly higher in autumn than in the spring. In other
cases the analyzed seasonal changes in the sulfur
content were not statistically significant. Contents of
Swt. @and S-SO4, in most mineral grassland soils
occurred in a range corresponding to its natural level.
Conversely, because of the requirements for sulphur
fertilization in approx. 58-62% of mineral grassland
soils the content of S-SO4 was very low and low,
which indicates the existence of therein deficiency of
this component.
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E®EKTUBHICTb CTUMYNATOPIB POCTY TA MIKPOAOBPUB
HA MNMOCIBAX rlbPUAIB KYKYPYA3U PIBHUX TPYN CTUINOCTI
B YMOBAX 3POLUEHHS! HA NMIBAHI YKPAIHU

JTABPUHEHKO 10.0. — gokTop c.-T. Hayk, npodecop, YneH-

kopecnoHaeHT HAAH
FOX O.A.

IHCTUTYT 3poLuyBaHoro 3emnepoberesa HAAH

MocTtaHoBKa npo6nemu. BupobHuUTBO 3epHa —
rorioBHe 3aBAaHHSA CiNbCbKOrocnoaapchbkoi OisinbHOC-
Ti. Y BUpILLIEHHI UbOro 3aBAaHHs 3HAYHE MicLe Harne-
XnTb Kykypyasi. Kykypyasa — ogHa 3 HanbinbLw Buco-
KONPOAYKTUBHUX 3MakoBUX KynbTyp YHiBepcanbHOro
npusHayeHHsi. 3a piBHEM YypOXaWHOCTi mpu gocTaT-
HbOMY BONoro3abesneyeHHi nepeBaxae yci KynbTypu.
[nsa niaBuLEHHS piBHA peanisauii 6ionoriyHoro note-
HUiany KynbTypu BaXnvMBe 3HAYEHHS Mae BrpoBa-
[)KEHHS1 Y BMPOOHMLTBO CyyYacHUX eeKTUBHUX KOH-
KYPEHTO-CMPOMOXHUX arpoTexHOrOrin, SAKi  NOBUHHI
b6asyBaTuca Ha [obopi aganToBaHMX AN 30HU BUCO-
KOMpOOYKTUBHUX TiOpuAiB iHTEHCUBHOrO TUMy 3a On-
TUMi3auil yMOB Makpo- i MiKpOENeMEHTHOroO >XUBFEH-
HS, LUTYYHOrO 3BOSIOXKEHHS, 3aCTOCYBaHHSA Cy4YacHUX
GiocTumynsiTopiB pocty. EdeKkTMBHICTb BNpOBamKeH-
H eHepro- Ta pecypco3bepiralumx TEexXHOMorin y
ccepy arponpoOMUCIIOBOrO KOMMIIEKCY 3HAYHOK Mi-
POt 3anexuTb Bif TakoOro BaXMMBOrO e€flieMeHTa siK
mikpogobpvBa Ta CTUMYNATOPUM POCTY POCIWH, SKi
MICTATb BaXIMBi MIKpOENEMEHTH, (ITOropMOHM Ta
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aKTMBaTOpPU POCTY. IX BUKOPUCTAHHS [O3BOMSE 3MEH-
LWMTU BUKOPWUCTaHHSA XiMiYHWX NpenaparTiB, 30Kpema
3aco6iB 3axuCTy POCIWH, MiABULINTA €dEKTUBHICTb
psSAy TEeXHOMOriYHUX ornepauii, NOCUMIMTK CTINKICTb
POCANH OO0 HECMnpUATNMBUX PaKTOpiB AOBKINNSA Ta Aji
naToreHiB, NOKPALLMUTA HE NULLE KifbKiCHi, ane i akicHi
xapaktepuctukn npoaykuii [1-3].  3asHauumo, Lo
BMMMB UMX (paKkToOpiB B YMOBaX 3pOLUEHHS OOLLYyBaH-
HAM He BMBYEHWA. TOMY AOCMIMKEHHA 3 LbOro Ha-
npsiMy € akTyarnbHUMU.

CtaH BuUBYEHHA npobGnemu. HanBaxnusiwym
YMHHUKOM CY4aCHOI TEXHOIOTIT BUPOLLYBaHHSI 1 OTpU-
MaHHS! BUCOKWUX BPOXaiB 3epHa KyKypya3n € BUKOPUC-
TaHHS onsi ciBGW BMCOKOSIKICHOTO MOpMAHOrO HaCiHHS,
L0 [,O3BONSIE NIABULLMTY NPOAYKTUBHICTL 3pOLLYBaHO-
ro rektapa Ha 20-30 %. B LbOMy KOHTEKCTi BM3Ha4a-
NbHUM KpUTEPIEM OOEepPXKaHHSA BUCOKUX BPOXaiB 3epHa
KyKYpya3u npv JOTPUMaHHI i YiTKOMY Ta CBOEYaCHOMY
BMKOHaHHI pernameHTy arpoTexHonorii € gobip ribpum-
AiB KyKypyA3u pi3HUX rpyn CTUIMOCTi 3 BUCOKMM MOTe-
HUianom BpPOXaWHOCTI Ta MigBULLIEHOK afanTUBHICTIO
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