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[IpencrasieHbl pe3ynbTaThl U3Y4EHUS IOTEHINAIA IPOIYKTHBHOCTH €CTECTBEHHBIX (DUTOLICHO30B
pasHoro BuzmoBoro cocrasa Hamckoro arpomangmadra cpenHeraexHoi mnoa3ons! PecryOmuku Caxa
(Sxytus). Uccnenosanus mposenens! B 2009-2016 rr. [1o4uBbI ONBITHOTO yuacTKa MEP3JI0THBIE C MaJIo-
MOIIHBIM TYMYCOBBIM cJioeM. V3ydeHo BIMsiHHE MUHEpaJIbHBIX M OPraHWYECKHX YIOOpEeHHH Ha Ipo-
JTYKTUBHOCTH OCTEITHEHHBIX JTyTOB. Ha pa3sHOTpaBHO-31aKOBOM, ITBIPEHHOM, OCTETHEHHOM (PUTOLIEHO3aX
WCTIONIH30BAJIH CIIEAYIOIINE IIPUEMBI TT0 OPraHOMUHEPAILHOMY MMMTAHUIO PACTEHHI: KOHTPOIH (0e3 yr1o-
Openwus); nepernoi 20 1/ra; nepernoit 20 1/ra 1 paz 8 4 rona + N, P, K exeronno; N, P, K. ' exeronno;
niepertoit 20 T/ra eXerofHo. YCTaHOBIECHBI ONTUMAJIBHbIE HOPMbI BHECEHHUSI OPraHUYECKUX U MUHE-
paIbHBIX AIIEMEHTOB MUTAHMS U1 YIy4IIEeH!s] TOTeHIalIa IPOAyKTUBHOCTH €CTECTBEHHBIX OCTEITHEH-
HBIX JyroB. Hanbomnee BBICOKHI MOTEHLMAT MPOAYKTUBHOCTH B YCIOBHsAX Hamckoro arponanmmadra
MOJTyYeH MPH COBMECTHOM MPUMEHEHUH OPraHWYeCKHX M MHHEPAIbHBIX yIoOpeHuii (meperHoit 20 1/ra
1 pas B 4 rona + N, P, K, exeronno). Ha pasHOTpaBHO-371aKOBOM M NBIPEHHOM (DHTOLIEHO3aX ypOKaK-
HOCTh ceHa gocturana 23,0-24,1 w/ra. Coop ¢ 1 ra oomMeHHoM HEeprun coctaBmi 27,0-22,4 Tk, Kop-
MOBBIX euHUL — 1472—-1663, ceiporo nporerna — 336—371 kr. Conep:kaHue nepeBapuMoro NpoTeuHa B
1 k. ex1. y pa3HOTPaBHO-3JIaKOBOTO paBHSIOCH 92 T, mbIpeiiHoro — 102 r. ExkeronHoe BHECEHE MUHEPAITb-
HBIX ynoOpenuii B 103e 60 Kr/ra IelCTBYIOLIErO BEIIECTBA 0OECIIEYHBAIIO MOBBIICHUE YPOXKAHHOCTH
€CTECTBEHHBIX (PUTOLICHO30B B 2 pa3a B 3aBUCHMOCTH OT arpOKIMMATHYECKUX YCIOBHIA BETETAlHIOHHOTO
nieprozia. BimsiHne MUHEpaNbHBIX YIIOOPEHHH ¥ COBMECTHOTO BHECEHUSI X C OPraHWYECKUMH Ha ypo-
XKaHHOCTb €CTECTBEHHBIX (DUTOLIEHO30B CTATUCTHYECKH JIOCTOBEPHO, YTO CBUIETEIBLCTBYET O BOMOXK-
HOCTHU PETyIUPOBaHUS POLYKTUBHOCTH OCTEITHEHHBIX (DUTOLICHO30B.

Ki1roueBble cj10Ba: oprannieckue 1 MUHEpaJIbHbIC yIOOpEeHUs, ECTECTBEHHbIH (PUTOLEHO3, TbI-
PEHHBIN, pa3HOTPAaBHO-3J1aKOBBIH, OCTENTHEHHBIH arpoianmapT
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The results of the study of the productivity potential of natural phytocenoses of different species
composition in the Namsky agrolandscape of the middle taiga subzone of the Republic of Sakha
(Yakutia) are presented. The research was conducted in 2009-2016. The soils of the experimental
plot are permafrost soils with a thin humus layer. The effect of mineral and organic fertilizers on the
productivity of steppe meadows was studied. On herb-grass, wheatgrass, steppificated phytocenoses
the following practices of organo-mineral nutrition of plants were used: control (no fertilizer); humus
20 t/ha; humus 20 t/ha once every 4 years + N, P K annually; N, P, K. annually; humus 20 t/ha
annually. The optimum rates of organic and mineral nutrients to improve the productivity potential
of natural steppe meadows have been established. The highest productivity potential in the Namsky
agrolandscape was obtained with the combined application of organic and mineral fertilizers (humus
20 t/ha once every 4 years + N P, K, annually). On herb-grass and wheatgrass phytocenoses hay
yield reached 23.0-24.1 c/ha. Yield per 1 ha of metabolizable energy was 27.0-22.4 GJ, fodder units
1472-1663, crude protein 336-371 kg. The content of digestible protein in 1 fodder unit in herb-grass
was 92 g, in wheatgrass - 102 g. The annual application of mineral fertilizers at a dose of 60 kg/ha of
the active substance provided a 2-fold increase in the productivity of natural phytocenoses, depend-
ing on agroclimatic conditions of the growing season. The influence of mineral fertilizers and their
joint application with organic fertilizers on the yield of natural phytocenoses is statistically reliable,
which indicates the possibility of regulating the productivity of steppificated phytocenoses.
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INTRODUCTION supply of meadow plants significantly affects
the species composition, economic yield and

Improvement of natural forage lands is an ot ;
productivity potential of the natural phytoceno-

important problem of grassland fodder produc-
tion in the Republic of Sakha (Yakutia). Due 5° ,

to the high cost and complicated logistics of The purpose of the study is to study the ef-
delivering mineral fertilizers, many farms can- fect of mineral and organic fertilizers on the

not use them. The productivity of natural grass- productivity of steppe meadows in the Conqi'
lands depends to a large extent on the climatic tions of the Namsky agro-landscape of Yakutia.

conditions of the growing season. To avoid de- The objective of the study is to establish op-
pendence of the yield and productivity of natu- tumal rates of organic apd mmergl nutrients to
ral grasslands on weather conditions, the use of improve the productivity potential of natural
organic fertilizers is relevant. steppe meadows.

Under the conditions of the Namsky agro-
landscape on permafrost meadow-chernozem
soils, natural meadow steppes respond differ- In the field experiment using the factorial
ently to the nutritional regime. The nutrient scheme the effectiveness of the influence of or-

MATERIAL AND METHODS
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ganic and mineral fertilizers in a wide range of
doses and combinations on the productivity of
phytocenoses was studied. As a result of com-
prehensive research, new data on the effect of
the most important fertilizer systems: mineral,
organic and organomineral - on soil fertility and
its biological activity were obtained.

The objects of the research were different
steppe communities: motley grass-grasses,
wheatgrass, and steppe phytocenoses under dif-
ferent feeding regimes under conditions of nat-
ural moisture. The studies of the baseline proj-
ect 2009-2016 were conducted in steppe mead-
ows at the Markhinsky station of the Institute
of Biological Problems of the Cryolithozone of
the Siberian Branch of the Russian Academy of
Sciences. The station is located 13 km from Ya-
kutsk; according to the agrolandscape zoning of
the middle taiga subzone of Yakutia, it is locat-
ed in the Namsky agrolandscape and occupies
the sixth agroecological land group. The area
of the Namsky agrolandscape is 2,575 thousand
ha, or 6.0% of the Lena-Vilyui interfluve [1].
This agro-landscape is an erosion-accumula-
tive gentle-wave plain with absolute altitudes
of 300-400 m, formed by Neogene-Quaternary
deposits with permafrost taiga paleo- and me-
dium-salty, medium-loam soils, which are cov-
ered by larch-motley grass-grasses and lingon-
berry forests.

The climate of the Namsky agricultural
landscape is moderately cold and arid. January
air temperature is -41.2 °C, July temperature
rises to 17.6 °C. The annual amount of precipi-
tation is 264 mm, of which 123 mm falls during
the active vegetation period. The average dura-
tion of the frost-free period is 79 days; it varies
considerably depending on the location. The
soil 1s suitable for agricultural work from May
17-19. The sum of average daily air tempera-
tures above 10 °C is 1414-1642 °C. Moisture
coefficient for the year is 0.90, during the active
vegetation period of plants - 0.49, i.e. moisture
content of the territory is deficient and acutely
deficient [2].

The sixth agro-ecological group of lands of
the Namsky agro-landscape is represented by
saline lands of the Lena River floodplain ter-
races and occupies an area of 0.15 thousand m2

[3]. The dominant soils are permafrost mead-
ow-chernozem solonetzic soils. The soils un-
der steppe meadows are characterized by high
dryness and relatively intensive heating of the
root zone. The upper horizons of these soils
are acidified, only in the lower strata alkalini-
zation is noted, the pH of aqueous suspension
reaches 7.4. The spring humidity of permafrost
sod soil is characterized as insufficient for the
initial vegetation of meadow grasses, so steppe
meadows are characterized by low biological
productivity.

The soils of the study area at the “Marikh-
insky” station are permafrost floodplain mead-
ow-chernozem soils. The content of humus in
the 0-20 cm arable layer is 2.5%, mobile phos-
phorus is 279 mg/kg of soil, and exchangeable
potassium is 104 mg/kg [4]. The weather condi-
tions of the vegetation periods 2009-2016 dif-
fered from each other and included all the fea-
tures of agroclimatic conditions of the Middle
Lena valley. The amount of precipitation of
161-170 mm is considered optimal for growth
and development of perennial grasses in the
conditions of the Namsky agrolandscape dur-
ing the growing season. The driest and hottest
growing season was 2015 (HTC 0.50) with 121
mm of precipitation while the norm was 161
mm. The wettest period was 2013 (HTC 0.90).
Heavy rains occurred in spring and in the first
half of summer, and the amount of precipita-
tion during the growing season reached 234
mm. The year 2014 was variable-humidity year
(HTC 0.70) with dry spring and rainy summer.
2016 was the most favorable by temperature
regime and the amount of precipitation (HTC
0.80).

Different in temperature and precipitation
weather conditions 0f 2009-2016 influenced the
growth and development of plants, the passage
of phenological phases, the formation of yield
and development of the root system of steppe
plants in the station "Marikhinsky" [5].

Motley grass-grasses, wheatgrass, and
steppe phytocenoses used the following meth-
ods for organomineral nutrition of plants: con-
trol (no fertilizer); humus 20 t/ha; humus 20
t/ha once every 4 years + N_P_K = annually;

60" 60”60
N, P, K,, annually; humus 20 t/ha annually.
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The studies used generally accepted meth-
ods for meadow science and grassland manage-
ment. All records and observations were made
according to the methods ', statistical process-
ing of yield data was carried out by the method
of variance analysis according to B.A. Dospe-
khov3. The chemical composition of hay forage
(crude fiber, fat, crude ash, nitrogen, phospho-
rus, calcium) was determined in the biochem-
istry laboratory of the Yakutsk Research Insti-
tute of Agriculture. Energy fluxes in meadow
phytocenoses were evaluated according to the
method*.

RESULTS AND DISCUSSION

For the first time under the conditions of the
Namsky agricultural landscape on permafrost
meadow-chernozem soils, the productivity po-
tential of meadow steppes with different spe-
cies composition was evaluated.

According to the VNIIK methodology, the
productivity potential of meadow ecosystems is
determined by the collection of metabolizable
energy, fodder units and crude protein from 1
hectare. It is established in our studies that the
productivity potential of meadow steppes de-
pending on fertilizers is conditioned by weath-
er conditions of vegetation periods, biological
features of meadow plants and nutrition regime.

In the conditions of the Namsky agro-
landscape, a natural herb-grass phytocenosis
without fertilization with the content of cereals
in the herbage up to 65.2% ensured the produc-
tivity from 1 ha in terms of the collection of ex-
change energy up to 8.8 GJ, fodder units - 595,
crude protein - 99 kg. The content of digestible
protein in 1 fodder unit was 53 g, which is 1.9
times lower than the zootechnical norm (see
Table 1).

Under the conditions of motley grass-grasses
phytocenosis the joint use of organic and min-
eral fertilizers (humus 20 t/ha once in 4 years +
N60P60K60 annually) ensured the increase of

productivity by 2.2 times with the yield of 23.0
c/ha of hay of 1st class with raw protein content
up to 14.6%. The optimum yield of 27 GJ of
metabolizable energy, 1472 fodder units, and
336 kg of crude protein per 1 ha was formed. At
the same time, the content of digestible protein
in 1 fodder unit in herb-grass meadow reached
92 g when the norm was 105 g.

Under this nutritional regime, the dominance
of cereal species (Elytrigia répens, Koeleria py-
ramidata (Lam.) P. Beauv., Poa stepposa (Kryl.)
Roshev.) in motley grass-grasses phytocenosis
was noted. The content of wild cereals was up
t0 93.1%, herbs - up to 6.9% of DM, indicating
the responsiveness of cereal species to nitrogen
fertilizers.

The annual application of mineral fertilizers
at a dose of N, P K in motley grass-grasses
phytocenosis with the content of wild grains up
to 87.0% ensured productivity per 1 ha in terms
of metabolizable energy harvesting 18.8 GJ,
fodder units - 1327, crude protein - 278 kg. Ac-
cording to the content of digestible protein in 1
k. unit. (79 g) the herb-grass phytocenosis did
not meet the zootechnical standards [6].

When mulch 20 t/ha was applied once in 4
years + 20 t/ha annually, motley grass-grasses
phytocenosis with cereals 66,2-86,4% CB en-
sured productivity per ha in terms of metabo-
lizable energy collection 12,5-12,5 GJ, fodder
units - 847-725, crude protein - 153-154 kg.

A natural wheatgrass phytocenosis without
fertilizers containing 87.5% CB in the grass of
wheatgrass (Elytrigia repens) had an average
productivity of 13.5 GJ, fodder units - up to 927,
crude protein - 179 kg from 1 ha of harvested
metabolizable energy. At the same time the
provision of 1 fodder unit (66 g) of digestible
protein. (66 g) of digestible protein was insuffi-
cient. The mineral dietary regime of wheatgrass
phytocenosis at the dose of N P, K, annually
resulted in increased productivity per hectare in
raw protein collection - 403 kg and high provi-
sion of 1 k. unit of digestible protein - 105 .

"Methodology of experiments in hayfields and pastures. M., 1971. P. 1. 229 p.

“Methodology of experiments in hayfields and pastures. M., 1971. P. 2. 174 p.

‘Dospekhov B.A. Methodology of field experience. Moscow: Agropromizdat, 1985. 375 p.

*Methodological Guide for the Assessment of Energy Flows in Meadow Agroecosystems. Moscow: VNIIK named after V.R.

Williams, 2007.
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The natural steppe phytocenosis without fer-
tilizers with herbs and cereals up to 67.1 and
19.8% DM, respectively, had the lowest pro-
ductivity potential with an average yield of 7.0
c/ha DM. The content of digestible protein in
1 fu. was 39 g, which is significantly lower
than the zootechnical norm. Productivity of the
phytocenosis without fertilizers in terms of me-
tabolizable energy collection was 6.0 MJ/ha,
fodder units - 420, crude protein - 58 kg/ha.

With a combination of organic and mineral
fertilizers (mulch 20 t/ha 1 time in 4 years +
N, P K,, annually) the productivity potential
of this phytocenosis increased: the collection of
metabolic energy to 16.0 GJ, fodder units - to
1197, crude protein - to 214 kg/ha. The content
of digestible protein in 1 fodder unit increased
to 82 g, which is lower than the zootechnical
norm.

A combined application of organic and min-
eral fertilizers (mulch 20 t/ha once in 4 years +
N, P K., annually) proved to be most effective
in the meadow steppes of the Namsky agro-
landscape, which led to a 2-fold increase in
the yield with good quality hay forage. The ex-
change energy per 1 ha was 27.0-22.4 GJ, fod-
der units 1472-1663, crude protein 336-371 kg.
By the content of digestible protein in 1 fodder
unit herb-grass and wheat grass phytocenosis
with the content of cereals from 88 to 93% cor-
responded to zootechnical norms (93-105 g).
On these phytocenoses the Ist class hay yield

reached 23.0-24.1 c/ha. The content of digest-
ible protein in 1 cfu was 92 g in motley grass-
grasses phytocenosis, 102 g in wheat grass phy-
tocenosis, 82 g in steppe grass phytocenosis.

It is important to note the effectiveness of
annual application of mineral fertilizers at a
dose of 60 kg/ha, which provides an increase
in the yield of natural phytocenoses by about
2 times [7-9]. At the same time, a significant
variation of economic yield of phytocenoses by
years of research was noted. This pattern was
particularly evident in the wheatgrass phytoce-
nosis. The most effective was the joint applica-
tion of organic and mineral fertilizers (mulch
20 t/ha once in 4 years + N, P K annually),
which provided a hay yield of wheatgrass phy-
tocenosis up to 24.1 c/ha.

Long-term results of our experiments in-
dicate that in the conditions of the sixth agro-
ecological group of lands of the Namsky agro-
landscape the most effective is the joint appli-
cation of organic and mineral fertilizers (mulch
20 t/ha once in 4 years + N, P K annually).
This application formed the maximum yield of
herb-grass, wheatgrass and steppe phytoceno-
ses regardless of the species composition and
the degree of moisture of the growing season.
On average for the years of research the com-
bined application of organic and mineral fertil-
izers provided the yield of motley grass-grasses
phytocenosis 23.0 c/ha, wheatgrasses - 24.1,
steppe - 17.1 c/ha (see Table 2).

Tao6a. 2. YpoxaltHOCTh eCTeCTBEHHBIX (PUTOIIEHO30B IPH BHECEHHUHN YIOOpeHHi (cpemHee 3a 8 ner), 1/ra

Table 2. Productivity of natural phytocenoses with fertilization (average over 8 years), ¢ / ha

Phytocenosis
Experiment variant steppificated motglre;/S ;ger:ss- agropyron

Control (without fertilizer) 6,9 10,1 15,1
Mould 20 t/ha once every 4 years 9,4 14,6 16,7
Mould 20 t/ha once every 4 years + N6OP60K60 annually 17,0 23,0 24,1
NP, K, annually 14,6 21,4 20,0
N,,P,.K,, annually 12,6 15,7 17,3
Mould 20 t/ha annually 12,2 14,5 15,7
Confidence interval 1,7 3 4,4
Proportion of the influence of the factor "Year" * 8 21 55

Proportion of the influence of the factor "Fertilizer" 21 21 9

*[IpoueHT OT O0IIeH BapUaluy TPH3HAKA.
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CONCLUSION

In the Namsky agro-landscape, the high-
est productivity potential was obtained with
the combined application of organic and min-
eral fertilizers (mulch 20 t/ha once in 4 years
+ N60P60K60 annually). On motley grass-
grasses and wheatgrass phytocenoses hay yield
reached 23,0-24,1 c/ha with exchange energy
27,0-22,4 GJ, fodder units 1472-1663, crude
protein 336-371 kg per 1 ha. The content of
digestible protein in 1 fodder unit of motley
grass-grasses phytocenosis was 92 g, that of
wheat grass - 102 g. The influence of mineral
fertilizers and their coapplication with organic
fertilizers on the productivity of natural phyto-
cenoses is statistically reliable, which indicates
the possibility of regulating the productivity of
steppe phytocenoses. Meanwhile, the efficien-
cy of mineral fertilizers and their coapplication
with organic fertilizers significantly depended
on the weather conditions of the growing sea-
son, which was most clearly manifested in the
couch grass phytocenosis. At the same time on
low-productive steppe phytocenoses with in-
sufficient moisture application of organic and
combined organic and mineral fertilizers posi-
tively affects the yield of fodder mass.
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