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The results of assessing the quality of hay of alfalfa varieties and variety samples of Kazakhstani and
foreign selection on carotene content and dependence of carotene content on dry matter and biochemical
parameters are presented in the article. The research is related to the subject of the international project
"GS19001 — Use of wild related agricultural crops for developing drought-resistant alfalfa and its distribution
among subsistence farmers in Kazakhstan, China and Chile". The research was carried out in 2021 on the
experimental fields of "Kokshetau Experimental Production Farm" LLP (Shagalaly rural area), located in the
northern part of the hilly and plain zone of the Akmola region of the Republic of Kazakhstan. 35 varieties and
variety samples of alfalfa obtained by Kazakhakstani and foreign scientists were studied in the ecological
nursery. The seeds were sown in the second decade of May. The content of carotene in varieties and variety
samples of alfalfa ranged from 18.03 to 20.21 mg/kg. The correlations between carotene and the studied
parameters are weak positive and negative, medium positive.
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KA3AKCTAHAObIK XXOHE LWUETENAIK CENEKUUAHDBIH X)KOHbILLKA COPTTAPbI MEH
COPTYNINNEPIHAE KAPOTUH K¥PAMbIHbIH KOPPENALUANDBIK TOYENANITI
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Makanala kapomuH Kypambl XeHe KapOmuH KypaMbiHbIH KypfakK 3am reH GUOXuMUsifbIK Kepcem-
Kiwumepeae mayerndiniiei 6olbIHWa Ka3aKkcmaHObIK XoHe wemenodik cenleKyusiHbIH XXOHbIWKa copmmapbl MeH
copmmaphbIHbIH MiWeH canacbiH baranay Hemuxesnepi kenmipineeH. 3epmmeynep "GS19001 — Kyprak-
whlnbikka me3imOi XOHbIWKa ary ywiH xabalibl mybicmac aybliwapyawbiiblK O0akblndapbiH natdanaHy
)XoHe OHbl KaszakcmaH, Kbimal »xoHe Yunu aymarbiHOa ¢hepmepriep apacbiHOa mapamy"” xarnbikapasbiK
)xobacbiHbIH maKbIpbibbiMeH 6alinaHbicmbl. 3epmmeynep KazakcmaH Pecriybnukacsl AKMosia 0611bICbIHbIH
WOKbIMbI-Ka3blK almarblHbIH conmycmik berieiHde opHanackaH "Kekwemay maoxipubenik-eHoipicmik
wapyawsblinbirsl" XILLIC-0e (LLlarananbi aybinbi) xypei3indi. KOHbIWKaHbIH cOpmmapbl XeHe copmysainepi
masa cypi xepde cebindi. IkonoausnbiK Kewemmikme Ka3akcmaHOblK xoHe wemendik fansimoap wolrap-
FaH XXOHbIWKaHbIH 35 copmbl MeH copm yneinepi 3epmmendi. XKoHbluwKa copmmapbl XoHe copmyinyneaine-
piHOe kapomuH menwepi 18,03-0eH 20,21 ma/ke apanbifbiHOa aybimkudbl. KapomuH MeH 3epmmernzeH
Kepcemkiuimep apacbiHOarbl KoppensayusinblK 6alinaHbicmap a/Ci3 OH XoHe mepic, opmawia OHFa meH.

TyuiHOi ce30ep: xOHbIWKa, Kekbanayca, KapoOmuH, Kyprak 3ammarbl KapOmuH Meswepi.
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B cmambe npusedeHbl pe3yribmambl OUEHKU Kadyecmea ceHa copmos U copmoobpasyos firoyepHs!
KasaxcmaHckol u 3apybexHol cenekuyuu o codepxaHui0 KapomuHa U 3asucumocmu codepXXaHusi
KapomuHa om codepxaHusi Cyxo20 gewecmea u buoxumudeckux rnokasamernedu. MiccriedosaHusi cesi3aHbl C
memol mexdyHapodHoezo npoekma "GS19001 — Ucrnonb3o8aHue OUKUX POOCMBEHHbIX CEJIbCKOX035Ucm-
BEHHbIX Kyrbmyp 07151 8bI8e0EHUSI 3aCyxX0ycmou4ugol JIIUEpPHb! U ee pacrpocmpaHeHue cpedu hepmepos,
sedywux HamypanbHoe xo03sicmeo Ha meppumopuu KaszaxcmaHa, Kumas u Yunu". WccrnedosaHus
nposedeHbl 8 2021 200y Ha onbimHbix nonsx TOO "Kokwemayckoe orbImHO-fpou3so0cmeeHHoe X035l-
cmeo" (c. llazanarnbl), pacronoXeHHbIl 8 Ce8epHOU 4Hacmu COMOYHO-PAaBHUHHOU 30HbI AKMOIUHCKOU
obnacmu Pecnybnuku KasaxcmaH. B 3Kkono2u4eckoM numomMHUKe u3ydYeHbl 35 copmos u copmoobpa3syos
JIIOUEPHbI, MOJSTyYEHHbIE Ka3zaxCcmaHCKUMU U 3apybexHbix yyeHbiMu. CodepxaHue KapomuHa 8 copmax u
copmoobpa3syax mouepHbl konebanocb om 18,03 0o 20,21 me/ka. KoppensyuoHHble c8sa3u Mexoy
KapomuHOM U U3YyYeHHbIMU rapamempamu crabasi nofoxumernbHas U ompuyamesibHasi, CPeOHsIs
rosIoKUMe bHasl.

Kntouesble criosa: nrouepHa rnocesHasi Medicago sativa L., 3enieHasi Mmacca, KapomuH, codep)xaHue
KapomuHa 8 CyxoM seujecmse.

Introduction

The legume crop alfalfa is one of the oldest fodder cropson the Earth. There are three centers of its
origin found in the literature: the European-Siberian, the Near Eastern-Asian, and the Central Asian. Other
centers such as the Mediterranean and North American found in the literature are considered secondary.
The secondary centers of origin, according to many researchers, play an important role in the evolution,
selection and distribution of cultivated forms of alfalfa around the globe [1, p.13].

Alfalfa is truly called as "the nature's gift" and "the queen of grasses" in the USA and in many other
countries because of its fodder and other valuable properties. Due to the above-mentioned properties, alfalfa
like other legume fodder crops can be considered as a generally accepted forage plant, which has become
widespread in many countries of the world. However, according to the scientists the specific weight of
legume fodder crops remains low (not more than 30%), determining not only the protein nutrition of forage,
but also sail fertility [2, p.15]. The same problem is faced in Kazakhstan. At present, agricultural producers
focused on livestock production, including personal subsidiary farms of the population, experience enormous
difficulties in providing fodder for animals during the stabling period. To involve additional land resources, to
increase the level of provision with green, succulent and coarse fodder, the area of which in the Akmola
region exceeds more than 2 million hectares, and to transform these lands into highly productive hayfields
and pastures, fodder grass seeds will be required. Implementing this programme, more than 200,000
hectares of fallow land need to be developed each year over the next decade. About 2 thousand tons of
fodder grass seeds, at a conservative estimates, will be required annually to transform these lands into
hayfields and pastures [3, p.7]. All of these reasons contribute to a decrease in the grass area, although
alfalfa is superior to many legume grasses in terms of its economic value.

As the most valuable fodder crop, due to the high ecological flexability, improved quality and high
productivity of fodder, resistance to adverse soil and climatic conditions such as winter hardiness, drought
resistance, etc, alfalfa is able to solve the problem of eliminating the deficiency of carotene as a source of
vitamin A in many regions of the Republic of Kazakhstan [4, p.15]. Alfalfa is distinguished from other fodder
crops by its productivity, longevity, exceptional ability to grow in a variety of natural conditions, multi-purpose
use: mowed green fodder, pasture fodder (grass mixtures) hay, haylage, green chopping, combined silage,
fodder briquettes, protein concentrated feed-stuffs; beet pulp and green plant sap, recovery of soil fertility
due to atmospheric nitrogen fixation. Alfalfa can be a source of essential amino acids [5, p.4].

The carotene content of feed is important. The biological significance of carotenoids for farm animals
is much higher. Carotene is a source of provitamin A. It also protects animals' blood hemoglobin from the
damaging effects of nitrates, stimulates nonspecific natural resistance factors, and protects the body from
the carcinogenic effects of aggressive pro-oxidants. In animals, R-carotene is a precursor of the
chromophore of the visual pigment rhodopsin and steroid hormones [6, p. 416].

When there is carotene deficiency in cows, reproductive disorders such as weak ovulation, silent
ovulation, prolonged ovulation, underdeveloped ovarian body are observed, which leads to increased
embryonic mortality, failure of sexual cycle, increased abortion at 18-20 weeks of pregnancy, birth of weak
non-viable young calves. Newborn calves show stunting, purulent discharge from the eyes and nose,
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lethargy, diarrhoea and then bronchopneumonia [7, p. 32-37].

The content of carotene in the feed is directly proportional to its content in milk and butter. In the arid
steppe subzone of the southern carbonate chernozems in the Akmola region the weight content of carotene
in the dry matter of alfalfa hay ranged from 47.5 mg/kg in the Stepnyanka variety to 71.90 mg/kg in the
Raykhan variety. The content of carotene in absolutely dry matter varied from 31.5 mg/kg (the Northern
hybrid alfalfa variety) to 65.3 mg/kg (the Sinskaya alfalfa variety) [8, p.10-11].

According to Kirsanov V.A., both second — and third-year plants show a maximum of carotene during
cooler periods and a decrease in carotene content during hot weather. It has also been noted that the
amount of positive temperatures, the amount of precipitation, the duration of the growing season, and the
level of solar radiation affect the supply of nutrients and, consequently, the chemical composition of plants.
During the period of plant growth and development, cool temperature and low moisture supply contribute to a
high content of carotene. Polevaya |.P. et al. also note that hydrostress conditions increase the biosynthesis
of photosynthesis pigments, and carotene is one of the essential components of the pigment systems of
photosynthetic plants. The carotene content is also determined by the genetic potential of the crop [9, p. 42].

Materials and research methods

The studies were carried out in 2021 on the experimental fields of "Kokshetau Experimental
Production Farm" LLP (Shagalaly rural area), located in the northern part of the hilly and plain zone of the
Akmola region in Zerenda district of the Republic of Kazakhstan.

The soil of the experimental plot is represented by ordinary chernozem, medium thick, medium humus,
with a depth of the humus horizon of 25-27 cm and an average humus content of 4.21%. In the arable layer
of 0-40 cm of sail, nitrate nitrogen is 17.0 mg, mobile phosphorus is 7.1 mg, exchangeable potassium is 35.0
mg per 1 kg of soil. Consequently, the availability of nitrogen is high, phosphorus is low, and potassium is
high. According to the mechanical composition, the soil is heavy loamy, the weight in the arable horizon is
1.19 g/cm®and it is 1.30 g/cm® on average in the metre-deep layer. The permanent wilting point is 13%.

The research is related to the subject of the international project "GS19001 — Use of wild related
agricultural crops for developing drought-resistant alfalfa and its distribution among subsistence farmers in
Kazakhstan, China and Chile". According to the project an ecological nursery was founded on the
experimental fields of "Kokshetau Experimental Production Farm" LLP by the scientists of the laboratory of
fodder crops of "Kazakh Research Institute of Agriculture and Crop Production” LLP (Almaty).

The objects of study are alfalfa varieties and variety samples of foreign and Kazakhstani selection:
Alta Sierra 2, Alta Sierra 1, K 270, TA 37 HOW Long, APG 6567, APG 58577, K 271, DT 1, Titan 7, K 269,
APG 58575, APG 58574, Stamina GT 6, APG 38052, SARDI 7, Series 2, APG 45677, Q75, L56, APG
19018, Aurora, SARDI Grazer, APG 35169, APG 6019, K267, Zhangcao, Forse 5, K 268, DT 2, STAMINA 5,
Semerechinskaya local, Turkistan 15, Kokorai, Osimtal, Kapchagaiskaya 80, DARHAN 90.

When sowing alfalfa in its pure form, pre-sowing tillage should be carried out at a very shallow depth
and well-settled soil. The soil surface should be leveled and tight, but it should provide optimal seed
embedding.

The sowing method was row cropping (row spacing 15 cm). All numbers were laid in 3-fold repetition.
The plot area is 1 m?. The border check irrigation Side protective strips 0.7 m, end — 10 m. Harvesting of
plants for green matter was carried out at the beginning of the flowering phase.

The border strips were 0.7 m, headlands were 10 m. Harvesting of plants for herbage was carried out
at the beginning of the flowering phase.

The meteorological conditions in 2021 were characterized as follows: during the mowing period
(growing-budding, budding-flowering) in the first ten-day period of June, the HTC (hydrothermal coefficient)
was 0.3 (very dry); in the second ten-day period it was 0.9 (dry); in the third ten-day period the hydrothermal
coefficient was 0.1 (dry). In the first decade of July, the HTC was equal to 0.3 (very dry); in the second
decade it was 1.9 (wet); in the third decade was 0.02 (very dry). HTC in June was 0.14, and it was 0.2 in
July.

Average hay samples were taken from 35 varieties and variety samples of alfalfa to determine the
content of carotene in July 2021. It had an initial moisture content of 75-80 %. Drying was carried out in the
laboratory without sunlight. The foliage was mechanically ground to a particle size of 10-20 mm just before
carotene determination.

The chemical assessment of alfalfa varieties for carotene content was carried out in the laboratory of
"AgroComplexExpert" LLP according to generally accepted methods.

Results and discussion

Alfalfa sown in one field can produce 3-6 complete cuttings over a period of 4-7 years. This
corresponds to 500-600 kg/ha of green matter, 100-120 kg/ha of fodder, 18-19 kg/ha of digestible protein.
Under the conditions of "Kokshetau experimental-production farm" LLP alfalfa is grown under non-irrigated
rainfed conditions. Alfalfa is not usually used in the first year of life under the conditions of Northern
Kazakhstan. Average green matter samples were taken from 35 alfalfa varieties and variety samples. Drying
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was carried out in the laboratory without sunlight. The foliage was mechanically ground to a particle size of
10-20 mm.

The harvested alfalfa herbage was dried up to 8-10% of moisture. This moisture content is necessary
for storing during the winter period.

The carotene content of alfalfaherbage was determined on the Foss InfraXact express analyzer. The
samples were analyzed in the bowls placed in the receiving unit of the instrument. The analyser works with
ISIscanTM software which supports the latest calibration technologies. Spectral data is obtained by
measuring the radiation transmission intensity of the analyzed object in the near infra-red region.

Figure 1 shows the results of experimental studies to determine carotene content in dried alfalfa.
During the comparative assessment of varieties and variety samples of alfalfa on ordinary chernozems with a
depth of humus accumulated horizon of 25-27 cm and an average humus content of 4.21%, the weight ratio
of carotene ranged from 18.03 to 20.21 mg/kg (Fig. 1).
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Figure 1 — Carotene content in varieties and variety samples of alfalfa (mg/kg)

In varieties and variety samples of alfalfa K267, Semerechinskaya Local, Osimtal, APG 38052, Q75,
APG 45677, STAMINA 5, DT 1, APG 58575, Kapchagaiskaya 80, Alta Sierra 1, Kokorai, APG 6567, K 269
carotene content varied from 18.03 to 18.96 mg/kg; TA 37 HOW Long, Turkistan 15, SARDI 7 Series 2, K
271, Stamina GT 6, L56, K 268, SARDI Grazer, Alta Sierra 2, K 270, Aurora, APG 19018, APG 6019,
Zhangcao, DARHAN 90, DT 2, Forse 5, APG 58574, APG 35169 — from 19.02 to 19.83 mg/kg; APG 35169 —
20.07 mg/kg; Titan 7 — 20.13 mg/kg; APG 58577 — 20.21 mg/kg.

According to M.A. Smurygin, hay fodder can be assessed by a point system on the content of
carotene in the dry matter (Table 1).

Table 1 — Assessment of hay by carotene content

Carotene content (in mg) per 1 kg of dry matter Points
35 and more 10
25-35 8
15-24 5
5-15 2
lessthan 5 0

According to Smurygin M.A. all varieties and variety samples were rated by carotene content in the dry
matter of alfalfa hay as 5 points (the point system) [10, p.19, 11, p. 22-23].

The dependence of carotene content on parameters of chemical composition of alfalfa hay was also
calculated (Fig. 2).
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Figure 2 — Correlation dependence (r) of carotene content from some parameters
of chemical composition of alfalfa hay

The dependence of carotene content on the parameters of chemical composition of alfalfa hay was
calculated. The alfalfa growth and development were formed under unfavorable conditions. HTC was less
than 1. In selection only those relations are of interest, in which the correlation coefficient is positive or
negative high and very high or low if the correlation is regular at 1 % and 5 % level of significance.

It is in the interest of the selective practice to use only those correlations where the correlation
coefficient is positive or negative high and very high or low if the correlation is consistent at the 1% and 5%
significance levels.

In the second and third year of alfalfa life, carotene content had a high positive correlation with crude
protein (0.737**), magnesium (0.736*) and a high negative correlation with nitrogen (-0.711**), crude ash (-
0.777**) [12, p.428].

The results showed that many of the studied parameters are interrelated to varying degrees. The
carotene content in alfalfa samples from the 6th year of life was unequally influenced by the studied
parameters. At the sixth year of alfalfa life, the carotene content was primarily determined by calcium content
(0.05), metabolizable energy (0.03), digestible protein (0.2), feed unit (0.3), phosphorus (0.3), ash content
(0.3) (positively average between carotene and sugar (0.5); negative weak relationship between carotene
was determined by crude protein (-0.01), fat (-0.1), fiber (-0.1), dry matter (-0.2), and starch (-0.03).

Conclusion

Determination of carotene content in alfalfa varieties and variety samples in the sixth year of life
showed slight variation from 18.03 to 20.21 mg/kg: 5 points according to Smurygin M.A.

The alfalfa varieties and variety samples with low metabolizable energy, calcium and high starch and
protein content can be markers for the selection of forms with higher carotene content.

Promising source material and the results of the research will be recommended for targeted use in
selection of the Scientific Research Institute.
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3ACYXOYCTONYMBOCTb COPTOB N COPTOOBPA3LIOB JIIOLIEPHbI
KA3AXCTAHCKOWU U 3APYBEXHOWU CENEKLUN

Bekuwosa I'.K*. — macucmp agpoHomuu, cmapuwul npenodasamersib kagheOpbl CeslbCKO20 xo3slicmeaa
u buopecypcos Kokwemayckoeo yHueepcumema um. L. YanuxaHosa, 2. Kokwemay.

Maxaroea C.K. — dokmop PhD, accoyuupogaHHbIl npogheccop Kaghedpbl xumuu u buomexHosoauu
Kokwemayckozo yHugepcumema um. LLl. YanuxaHosa, e. Kokwemay.

EpxaHosa C.T. — kaHOuOam cesflbCKOX0351ICMBEHHbIX HayK, OoueHm, eedywuli Hay4YHblli compyOHUK
nabopamopuu Kopmosebix Kynbmyp TOO "Kasaxckozo Hay4Ho-uccriedogamersibCKoO20 UHcmumyma
3emrnedenus u pacmeHuesodcmea”, 2. Animamel.

Hypmyxanbemosa H.H. — kaHOuOam XuMu4YecKux HayK, accoyuuposaHHbIl rpogeccop kKagedpsbi
xumuu u buomexHonoeuu Kokwemayckozo yHusepcumema um. L. YanuxaHoea, e. Kokwemay.

B cmambe npusedeHb! pesyrnbmambl cmpeccoycmouyugocmu copmos U copmoobpa3syo8 /iroUepHsbl,
rpouspacmarowue Ha meppumopuu mpex cmpaH. MccrnedosaHusi cesizaHbl ¢ memol Mex0yHapoOHO20
npoekma "GS19001 — MWcnonb3ogaHue OUKUX pPOOCMBEHHbIX CEeIIbCKOXO3SUCMEEHHbIX Kyrbmyp Ons
8blgedeHuUsT 3acyxoycmoldueol JIIoUepHbl U ee pacrpocmpaHeHue cpedu epmepos, 8edyuux
HamyparnbHoe x03slcmeo Ha meppumopuu KasaxcmaHa, Kumas u Yunu". HeGocmamok enazu 6 nepuod
pocma u pas3sumusi pacmeHull CyuecmeeHHO ompa3susiocb Ha ypoxalHocmu KOpMOo8bixX Kynbmyp. Takxe
3acyxa 3aMemHO efnusiem Ha 39KOHOMUYECKYH U 3KOJI02UYECKYo cumyauuro 8 cmpaHax. M3meHeHue
Knumama 8 3MmoM HarpasfeHuu akmyanu3uposasna smy npobnemy. Mosmomy & uccrnedosaHusix ocoboe
8HUMaHUe y0eriasioch U3y4eHUIo 3acyxoycmou4ugsocmu obpasyos SIIoUEPHbI.

UccrnedosaHus nposedeHbl 8 TOO "Kokwemayckoe OnbImHO-MPOU3800CMBEHHOe X035Ucmeo” (c.
Llazanarnbi), pacriofioXeHHbIU 8 CcesepHOU Yacmu COMOYHO-PaBHUHHOU 30HbI AKMOJSUHCKOU obracmu
3epeHduHckozo patioHa Pecnybnuku KaszaxcmaH. No4ebl 0rnbimHO20 y4acmka — YepHO3eMbl OObIKHOBEH-
Hbi€, 110 MEXaHU4YeCKOMYy cocmaegy — msiKesbil CyarluHOK criaboxpsiuesamsil, 3anacbl MOO8UXHbIX hOpPM
gochopa ouyeHusaromces Kak HU3KUe, Kasusi 8bICOKuUe.

B cenekyuu Ha moebiweHUe 3acyxoycmol4yueocmu MPUMEHEHb! [051e8ble Memoldbl OUEHKU.
3acyxoycmodiqyueocms onpedernieHa 8 rnepuod MakCcumarbHO20 MPOsIB/IEeHUs 3acyXu — 8u3yaribHas OUeHKa
10 Yucrly 3esieHbIX IUCMbES, 8bIPAXEHHbLIX 8 rpoueHmax. bbiniu ebidesieHbl nepcrekmusHble obpasubl no
3acyxoycmouyueocmu: K 271, Forse 5, Zhangcao, DT 1. BbideneHHble copmoobpasubl o
3acyxoycmotiqyusocmu 6yOym ucronb308aHbl 8 Kadyecmee UCX0OHO20 Mamepuasa 8 CelleKyuu KOpMO8biX
Kynbmyp.

Knodesbie crosa: Kopmosasi Kynbmypa, JouepHa, copma u copmoobpasubl IIOUEpHbI, 3acyxa,
3acyxoycmoUl4ueocmb, KOpPeasyus.

KA3AKCTAHAObIK XXOHE WWETENAIK CENEKUNA )KOHbILLUKA COPTTAPDI
MEH COPTTAPbIHbIH K¥PFAKLUbIIbIKKA TO3IMAIT

bekuwoea K.* — lI. YanuxaHoe ambiHOarbl Kekwemay yHusepcumemiHiy aybliwapyawblibifbl
JXKeHe buopecypcmap KaghedpachiHblH a2pOHOMUST Maaucmpi, ara OKbimywhbl, Kekwemay K.

MaxaHosa C.K. — LlU. YenuxaHos amsbiHOarbl Kekwemay yHU8epcUmMemiHiH XUuMusi XXoHe
buomexHonozausi kagpedpacbiHbiH PhD dokmopebl, KaybiMOacmeipblnFaH rnpogheccopsl, Kekwemay K.
EpxaHoea C.T. — JXXIWIC "Kaszak eciHwWinik xoHe 6cCiMOIK wapyalbinbifbl fblbIMU-3epmmey

UHCMUMymbIHbIH" aybiil Wapyawblibifbl fbliibiMOapbiHbiH KaHOudamsbl, OoueHmi, Masn as3biKmbiK 0akblidap
3epmxaHachbiHbIH XemeKWi fbliibiIMU KbI3MemKepi, AfiMama K.

Hypmyxanbemosa H.H. — L. YanuxaHoe ambiHOafbl Kekwemay yHugepcumemiHiH XUMUSI XXoHe
buomexHosiozausi kaghedpachiHbIH XUMUS fblflbIMOaPbIHbIH KaHOuUGambl, KaybiMAacmbipbisiFaH Mpogheccopsl,
Kekwemay K.

Makanada yw endiH aymarbiHOa ecemiH XOHbIWKa copmmapbl MEeH Copm Yr2ifepiHiH cmpeccke
meaimdinieiHiH Hemuxenepi kenmipineeH. S3epmmeynep "GS19001 — KypraKwbinbikka me3imOi XOHbIWKa
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