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Studies of mitotic activity, frequency and range of chromosomal aberrations in cells of root meri-
stem in the first post-irradiation mitotic cycles enable us to reliably assess levels of primary
damage in the genetic system and activity of repairing processes.

The aim and tasks of the study. The purpose was to study effects of various doses of gamma-
rays on the frequency of mitotic disorders in root meristem of different amaranth varieties.

The objectives were to determin the optimum temperature for germination of amaranth seeds and
to select a dye for staining amaranth roots.

Materials and methods. Three amaranth varieties were used in the research: Students, Kharkov -
1 and Sem gamma-irradiated at the doses of 15 Gy, 30 Gy, 40 Gy, 150 Gy, 400 Gy and 700
Gy. The anaphase method was used to determine the frequency of mitotic disorders.

Results and discussion. In general, the frequency of mitotic disorders in amaranth root meristem
after gamma-irradiation of Students, Kharkov — 1 and Sem varieties significantly varied. The
varieties differed by the fragment and bridge numbers in cells, which were higher as doses of
mutagen increased.

For example, 15 Gy of Students caused resulted in nine cells with disorders (five with bridges
and four with fragments), and in Sem variety after exposure to the same dose eight damaged
cells were found (three with fragments and five with bridges).

Conclusions. Thus, the research revealed that the varieties of amaranth, A. hypochondriacus,
(Sem, Kharkov -1 and Students) were susceptible to gamma-rays. The research showed that
the higher dose of gamma-rays was, the higher the frequency of chromosomal abnormalities
became. 400 Gy and 700 Gy were lethal to amaranth. After 150 Gy, the percentage of disor-
ders increased from 6.7% to 7.7% in Sem variety and in Kharkov - 1 variety.

Key words: amaranth, mitotic activity, gamma rays, mitosis, cell, chromosomal abnormalities,
bridges, fragments.
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In this study, high-efficiency nitrogen-fixing rhizobium strains were prepared into rhizo-
bium biofertilizers GFs and GFg for field trials to investigate the effect of rhizobium biofertilizers
on yield of soybean. The results showed that fresh weight per plant, root nodule number per plant
and fresh weight of root nodules per plant were improved after application of rhizobium bioferti-
lizers; 100-grain weight was improved by over 3.9%. Moreover, rhizobium biofertilizer GF¢ ex-
erted a more significant effect than GFs
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Analysis of publications, pose the problem. Rhizobium is a species of rod-shaped bacteria
in symbiosis with leguminous plants, which can fix nitrogen from the air and supply nutrients to
plants. According to statistics, annual biological nitrogen fixation amount reaches 1.75 x 10® t in
the world [1], which is 4.34 times the annual nitrogen fertilizer production capacity [2]. The symbi-
otic nitrogen fixation of soybean and rhizobia can not only directly improve the nitrogen nutrition
status, yield and quality of soybean [3, 4, 5, 6], but also release more fixed nitrogen into soil, thus
improving soil fertility. Producing high-efficiency nitrogen-fixing rhizobium biofertilizers based on
research and utilization of nitrogen fixation ability of nitrogen-fixing rhizobia can reduce applied
amounts of chemical fertilizers, improve soil conditions, increase crop yields, decline environmen-
tal pollution and achieve sustainable development of agriculture, thereby protecting resources and
ensuring environmental security [7, 8].

The aim and tasks of the study. Northeast of China is the main soybean producing areas,
which account for about 70% of the national soybean planting area annually. For a long time,
crop yield and production costs were increased at the same time and the plating soil was growing
more harden by relying on traditional chemical fertilizer. Crop could only absorb limited fertilizer
resources for growing, which could lead to natural ecological balance and agricultural sustainable
development were destroyed by many unused nitrogen, phosphorus and potassium drained off
into the groundwater and rive with rainfall. The new fertilizer of soil effective nitrogen fixing
rhizobia, which isolated from nodules of soybean, was testing approved and applied in produc-
tion. This new fertilizer could be able to improve soybean nitrogen fixation ability, reduce the
environmental pollution by using long term chemical fertilizer, and produce more pollution-free
products.

Materials and methods. Two high-efficiency nitrogen-fixing rhizobium strains were
screened from multiple rhizobium strains of soybean and prepared into rhizobium biofertilizers
GFs and GFe. In this study, on the basis of ecological and environmental characteristics of main
soybean-producing regions in Heilongjiang Province, the effects of two rhizobium biofertilizers
on yield of soybean cultivar Heinong 46 were analyzed.

Rhizobium biofertilizers. Rhizobium biofertilizers used in this study were prepared by the
Institute of Biotechnology, Heilongjiang Academy of Agricultural Sciences.

Soybean cultivar. Soybean cultivar Heinong 46 was provided by the Institute of Soybean
Research, Heilongjiang Academy of Agricultural Sciences.

Experimental design. The field trials were carried out in the experimental base of Hei-
longjiang Academy of Agricultural Sciences. The experimental soil was black loam containing
2.78% of organic matter, 0.139% of total nitrogen, 156.7 mg/kg soluble nitrogen, 48.17 mg/kg
available phosphorus and 161.2 mg/kg available potassium, pH 6.65. A total of three treatments
were designed. Treatment 1: rhizobium biofertilizer GFs; treatment 2: rhizobium biofertilizer
GFe; treatment 3: control (CK). The applied amount of rhizobium biofertilizers was 45 kg/hm?.
The rhizobium biofertilizers were applied at the depth of 1-2 cm below seeds. 160 kg/hm? diam-
monium phosphate was applied as seed fertilizer. A randomized block design was employed in
three replicas. The area of each plot was 21 m?.

Field survey. At the initial flowering stage, peak flowering stage and seed filling stage, 10
seedlings in each treatment were surveyed to investigate plant height, fresh weight per plant, root
nodule number per plant and fresh weight of root nodules per plant. At the mature stage, soybean
seeds in each plot were tested and harvested to record the yield.

Data processing. Variance analysis of experimental data was performed. Experimental
data were analyzed using Microsoft Excel and DPS7.05 statistical software.

Results and discussion. Effect of rhizobium biofertilizers on main characteristics of
soybean. According to the survey results (Table 1), after application of rhizobium biofertilizer
GFs, the plant height, fresh weight per plant, root nodule number per plant and fresh weight of
root nodules per plant of soybean plants were higher than those in the control group. Specifically,
the plant height, fresh weight per plant, root nodule number per plant and fresh weight of root
nodules per plant were improved by 1.0%, 12.7%, 35.4% and 26.3% at the initial flowering stage,
3.0%, 4.2%, 23.7% and 52.6% at the peak flowering stage, 3.5%, 21.2%, 17.6% and 62.8% at the
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seed filling stage, respectively. In treatment 1, at the initial flowering stage, plant height, fresh
weight per plant, root nodule number per plant and fresh weight of root nodules per plant of soy-
bean exhibited no significant differences compared with the control; at the peak flowering stage,
the plant height, fresh weight per plant, root nodule number per plant and fresh weight of root
nodules per plant of soybean were improved by 2.4%, 2.5%, 16.2% and 35.1% compared with
the control, respectively; at the seed filling stage, plant height, fresh weight per plant, root nodule
number per plant and fresh weight of root nodules per plant of soybean were improved by 2.1%,
16.0%, 1.2% and 59.0% compared with the control, respectively.

Table 1
Effects of rhizobium biofertilizers on the main characteristics of soybean at different
growth stages

G Treatme, Plant height, Fresh weight Root nodule — Fresh weight of
rowth stage nt cm per plant, g number per  root nodules per
’ plant plant, g
Initial flowering 1 30.5+0.1aA  26.9+0.1aA  38.3+0.1aA  0.43+0.01aA
stage 2 30.9+0.2aA  28.3+0.2bA  51.2+0.3bA  0.48+0.02bA
CK 30.6£0.1aA  25.1+0.1aA  37.840.2aA  0.38+0.01aA
Peak flowering 1 67.3+0.1bA  48.9+0.2bA  70.2+0.2bB  0.77+0.03bB
stage 2 68.5+£0.2cA  49.840.3cA  74.7+0.3cB  0.87+0.03cB
CK 65.7+0.1aA  47.7+0.1aA  60.4+0.4aA  0.57+0.02aA
1 82.4+0.1bA  70.1£0.2bB  105.6+0.3bB  1.24+0.01bB
Seed filling stage 2 83.540.1cA  73.240.1cB  109.1+0.4cB  1.27+0.02cB
CK 80.7+0.1aA  60.4+0.1aA  92.840.3aA  0.78+0.01aA

As Table 1 shows, at the initial flowering stage, there were no significant differences in the
plant height between different treatments; fresh weight per plant, root nodule number per plant and
fresh weight of root nodules per plant in treatment 2 were significantly different from those in the
control group, but these indices exhibited no significant differences between treatment 1 and CK.
At the peak flowering stage, the plant height and fresh weight per plant in treatment 1 and treatment
2 varied significantly compared with those in the control group; the root nodule number per plant
and fresh weight of root nodules per plant in treatment 1 and treatment 2 exhibited very significant
differences compared with those in the control group. At the seed filling stage, the plant height in
treatment 1 and treatment 2 varied significantly compared with that in the control group; the fresh
weight per plant, root nodule number per plant and fresh weight of root nodules per plant in treat-
ment 1 and treatment 2 exhibited very significant differences compared with those in the control
group. In addition to the plant height at the initial flowering stage, the plant height, fresh weight per
plant, root nodule number per plant and fresh weight of root nodules per plant in treatment 1 and
treatment 2 varied significantly between the three different growth stages, which indicated that both
rhizobium biofertilizers, GFs and GFs_could enhance nitrogen fixation ability of soybean roots and
improve vegetative growth indices such as plant height and fresh weight per plant, resulting in long
durations of nodulation and nitrogen fixation. Moreover, rhizobium biofertilizer GFg exerted a
more significant effect than GFs.

Effect of rhizobium biofertilizers on the grain yield and yield components of soybean. As
Table 2 shows, after application of rhizobium biofertilizers, the pod number per plant was im-
proved by 8% and 11%, respectively; the grain number per plant was improved by 17% and 25%,
respectively; the 100-grain weight was improved by 0.8 and 1.7 g, respectively; the yield was in-
creased by 414.7 and 478.7 kg/lhm? compared with the control, which corresponded to 14.5% and
16.8%, respectively. According to the results of variance analysis, there were very significant dif-
ferences in the yield between treatment 2 and the control and between treatment 1 and the control,;
there were significant differences in the yield between treatment 1 and treatment 2, which indicated
that applying rhizobium biofertilizers could very significantly improve the yield of soybean. In ad-
dition, rhizobium biofertilizer GFs exerted a more significant effect than GFs.
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Table 2
Effects of rhizobium biofertilizers on the grain yield and yield components of soybean

Grain . . Yield increment Yield growth rate
Pod number 100-grain  Yield, ) .
Treatment er plant number weiaht ka/hm? compared with  compared with
PErp per plant ght.g g control, kg/hm? control, %
2 52 124 22.0+0.3 3330.0cB 478.7 16.8
1 49 116 21.1+0.3 3265.6bB 414.3 145
CK 41 99 20.3+0.2 2851.3aA

Conclusions. Most legumes are capable of symbiotic nitrogen fixation, which can be real-
ized only through symbiosis with rhizobia. Practical experience in agricultural production shows
that rhizobium inoculum inoculation can improve yields of leguminous crops and reduce envi-
ronmental pollution by declining applied amounts of chemical nitrogen fertilizers, thus contrib-
uting to sustainable development of agriculture. The effect of inoculation on yield depends pri-
marily on competitive nodulation ability and nitrogen fixation efficiency of rhizobia. Therefore,
selection and application of rhizobium strains with strong competitive nodulation ability and high
nitrogen fixation efficiency are the key to improve the effect of rhizobium inoculum.

In the present study, the results show that the fresh weight per plant, root nodule number
per plant and fresh weight of root nodules per plant of soybean were improved at different growth
stages after application of rhizobium biofertilizers; the 1000-grain weight of soybean was im-
proved by over 3.9% at the late growth stage. Moreover, rhizobium biofertilizer GFs exerted a
more significant effect than GFs. It suggests that rhizobium biofertilizer GF¢ has better affinity
and adaptability, stronger competitive nodulation ability and higher nitrogen fixation efficiency.
Rhizobium biofertilizers can significantly improve nitrogen fixation efficiency and promote
growth, development and dry matter accumulation of soybean, thereby improving the yield.

In plot trials, yield growth rate is not only related to soil fertility and indigenous bacteria
amount in experimental plots, but also associated with climatic conditions and field management
measures. Therefore, during application of rhizobium biofertilizers, actual soil fertility should be
considered, combined with rational use of chemical nitrogen, phosphate and potassium fertilizers.
Moreover, intertillage, weeding, timely irrigation, pest control and other agrotechnical measures
should also be strengthened for an effective role of rhizobia in fixation [9].
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BITJIUB RHIZOBIUM BIOFERTILIZERS HA OCHOBHI XAPAKTEPUCTHKH I
BPOXAHHICTH COI

. 1 .2
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Inemumym pocaunnuymea, JIAoHiHCbKA akademis CLibCbK020Cno0apcokux Hayk, [llenban
110161, Kumaii
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Xetinone sncvka akaoemist CiibCbK020Cnooapcvkux Hayk, Xapoin 150086, Kumatu

Mera i 3agaui gocaizxxennsi. Hosi rhizobium biofertilizers 3 6ynb0oukoBux Oakrepiii OyayTh
MOKpanryBaTi a3oT(dikcaiio coi, COPUAIYM THUM CaMHUM IiJBHUIIEHHIO BPOXKAHOCTI,
CKOPOYECHHIO BUMUBAHHS a30Ty Ta IHIINX IOXMBHUX €JIEMEHTIB TPYHTOBUMH BOJIaMH B PIKH,
1110 MOKPAIUTh €KOJIOT1YHE CTAaHOBUIIIE.

Marepiann i meroau. Marepianom ans gocnimkeHHs Oynu rhizobium biofertilizers GFs 1 GFg Ta
copt coi Heinong 46. Bapiantu nocmiai: 3actocyBanHs rhizobium biofertilizers GFs 1 GFg,
KOHTpOJIb. Ha mouaTKy LIBiTIHHS, Ha MKy LBITIHHA Ta B CTaJil HaMUBY HaciHHA y 10 pocnuH y
KOXXHOMY BapiaHTi AocHigy OyJlno BHU3HAYEHO BHCOTY, Bary 3€J€HOI POCIHHH, KUTbKICTh
Oynp0040K Ha KOpeHi, Bary Oynn0ouok. Ilicias mospiBaHHS Oylio BH3HAYEHO BPOXKANHICTH
HACIHHS COi.

OOroBopeHHs1 pe3yJbTaTiB. Y pe3ynbTaTi JOCHIPKEHHS BCTAHOBJEHO, IO 3aCTOCYBaHHS
rhizobium biofertilizers GFg icTOTHO MiABHIIMIO MOKA3HUKK BHUCOTH POCIHH, BarW 3€JI€HOT
POCIIMHH, KUIBKOCTI Oyap004YOK Ha KOpeHi, Baru OynbOOYOK Yy TOpPIBHSHHI 3 KOHTPOJIEM.
3okpema, BucoTa pociuH 3pocia Ha 1,0 % y ¢a3i nmouarky uBitinHA, Ha 3,0 % Ha miKy
uBiTiHHA, Ha 3,5 % y da3i HanmBy HaciHHA. Bara 3emenoi pocimnu 3pocna Ha 12,7 %, 4,2 % 1
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21,2 %, xinpkicTh Oynp0odok — Ha 35,4 %, 23,7 % 1 17,6 %, Bara Oyns004ok — Ha 26,3%,
52,6 % 1 62,8 % BiANIOBIAHO.

3acrocyBanns rhizobium biofertilizers GFs He mokpaiyBaigo Moka3HUKW HA MOYATKOBINM cTamii
UBITIHHA. B iHImMX ¢azax BiAMiu€HO MOKpAIIECHHS Y MOPIBHSAHHI 3 KOHTPOJEM, ajie¢ MEHIIE,
HDK y BapianTi 3 rhizobium biofertilizers GFg. Ha xinmbkicTs 6006iB 1 3epHa 3actocyBanus GFg
TaKO0K MaJjio OUIBII iICTOTHUH BIUIUB, HiXK GFs.

Bucnosku. Rhizobium biofertilizers GFg na Bci nmoka3auku coi BIIMBano OUIBII iCTOTHO, HIX
GFs. Takum unHoM, GFg Mae Oi1bI1 BUCOKY KOHKYPEHTO3AATHICTh OYJIb00YOK 1 OLTBIIT BUCOKY
edekTuBHICTH (ikcarii a3ory. L{e Moke 3HaYHO MiABUIIMTHA BPOKANUHICTH COI.

Knrwuoei cnosa: cos, rhizobium fertilizer, ypoorcatinicme

BJIMAHHUE RHIZOBIUM BIOFERTILIZERS HA OCHOBHBIE XAPAKTEPUCTHKH H
YPOKAHHOCTbh COH

Kcsaomeri ,becunl, Yane JTunu®

! Huemumym pacmenuesoocmea, JIAonuncKas akademus ceibCKoX03alcmeeHHblx HaykK, [llenvsan
110161, Kumaii

2 XellnoH2bAHCKAS AKAOEMUS CENbCKOXO3ALICIBEHHbIX nayx, Xapoun 150086, Kumati

Heab u 3axaum ucciaexnoBanusi. Hoseie rhizobium biofertilizers u3 kinyOeHbkoBBIX OakTepHii
OyayT ynydiiath a3oThHUKcaluio cou. TeM caMbiM OyAyT CHOCOOCTBOBATH ITOBBIMICHHIO
YPOKAaHHOCTH, COKpAIIEHUIO BBIMBIBAHHS Aa30Ta M JPYTUX [UTATEIbHBIX DIIEMCHTOB
TPYHTOBBIMH BOJIAMHU B PEKH, YTO YIYUIIUT 3KOJIOTHYECKYIO CUTYAIIHIO.

Matepuajibl 1 MeTOAbl. Martepuanom Juist uccienoBanus obuty rhizobium biofertilizers GFs u
GFg u copt cou Heinong 46. Bapuants! onbiToB: nmpuMenerue rhizobium biofertilizers GFs u
GFs, kouTposib. B Havane 1BETCHUWs, Ha THMKE IBETCHUS U B CTAJMHM HaiuBa ceMsH y 10
pacTeHuil B KaKIOM BapUaHTE OINbITa ObUIM OINPEICIICHBI BHICOTA, BEC 3€JICHOIO PACTCHHS,
KOJIMYECTBO KIyOCHHKOB Ha KOpHE, BeC KiIyOeHbKOB. [lociie co3peBaHus Oblia ompezeicHa
YPOXKAHHOCTh CEMSIH COH.

OO0cy:knenne pe3yiabTaToB. B pe3yibTare HCCIIENOBaHUS YCTaHOBIEHO, YTO TNPHUMEHEHUE
rhizobium biofertilizers GFg cymiecTBeHHO MOBBICKIIO TMOKa3aTeIM BBICOTHI pacTEHUs, Beca
3€JICHOTO PacTEHHs, KOJIMYeCTBa KIyOCHHKOB Ha KOpHE, Beca KIyOCHHKOB IO CPABHCHHIO C
KOHTpoJieM. B yacTHOCTH, BhICOTa pacTeHuit ynyummuiaack Ha 1,0 % B daze Havana 1BeTeHUs,
Ha 3,0 % Ha muke uBeteHus, Ha 3,5 % B ¢asze HamuBa ceMsH. Bec 3eieHoOro pacreHus
yyummwics Ha 12,7 %, 4,2 % u 21,2 %, konudectBo kiyoeHbkoB — Ha 35,4 %, 23,7 % u
17,6 %, Bec kiryOeHbKkoB — Ha 26,3%, 52,6 % u 62,8 % COOTBETCTBEHHO.

ITpumenenwue rhizobium biofertilizers GFs He oka3biBaio yaydIiieHus MoKa3areieil Ha HauaabHON
CTaauu IBeTeHusA. B mpyrux ¢azax oTMEUeHO YIIyUIICHHE MO0 CPABHCHHIO C KOHTPOJIEM, HO
MeHbIne, yeM B Bapuante c¢ rhizobium biofertilizers GFs. Ha kommuectBo 6000B U 3epHa
npumenenne GFg Takxke okaszano Oolnee cyiiecTBeHHOe BiusiHue, yeMm GFs.

BuiBoabl. Rhizobium biofertilizers GFg Ha Bce mokasarenu cou okazaao 0ojiee CYIIECTBEHHOE
Brnusinue, yeM GFs. Takum obOpa3zom, GFg umeeT Oosiee BHICOKYIO KOHKYPEHTOCTIOCOOHOCTH
KIYyOCHBKOB M 00JIe€ BBICOKYIO (P(PEKTUBHOCTh (DPUKCAIUK a30Ta. DTO MOXKET 3HAYUTEIHHO
ITOBBICUTH YPOKAMHOCTH COM.

Knruesoie cnosa: cos, rhizobium fertilizer, ypoorcatinocmo
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The aim and tasks of the study. New rhizobium biofertilizers from nodule bacteria will improve
nitrogen fixation of soybean. Thus, they will enhance yield capacity, reduce the groundwater
leaching of nitrogen and other nutrients in rivers, improving the ecological situation.

Materials and methods. Rhizobium biofertilizers GFs and GFg and soybean cultivar Heinong 46
were the test material. The experimental variants: application of rhizobium biofertilizers GFs
and GFg, control. Plant height, green plant weight, root nodule number per root, nodule weight
were measured in 10 plants at the beginning of flowering, at the peak of flowering and at the
seed filling stage for each experimental variant. Soybean seed yield was determined after
ripening.

Results and discussion. The study found that rhizobium biofertilizer GF¢ significantly increased
the plant height, green plant weight, nodule number per root, and nodule weight as compared
to the control. In particular, the plant height was improved by 1.0% at the beginning of
flowering, by 3.0% at the peak of flowering, and by 3.5% at the seed filling phase. The green
plant weight was improved by 12.7%, 4.2% and 21.2%, respectively; the nodule number - by
35.4%, 23.7% and 17.6%, respectively; the nodule weight — by 26.3%, 52, 6% and 62.8%,
respectively.

Rhizobium biofertilizer GF5 did not improved performance at the initial stage of flowering. Some
improvement was seen as compared the control at other phases, but it was smaller than that
with rhizobium biofertilizer GFs. GFg also more significantly affected the pod and seed
numbers than GFs.

Conclusions. Rhizobium biofertilizer GFg had more significant effects on all the parameters than
GFs. Thus, nodules are more competitive, and the efficiency of nitrogen fixation is higher with
GFe. This can significantly increase soybean yields.

Key words: soybean, rhizobium fertilizer, yield
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