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INFLUENCE OF GROWTH STIMULATOR MET ON MORPHO-PHYSIOLOGICAL
TRAITS OF BUCKWHEAT

Jin Xiaomei, Liaoning Academy of Agricultural Sciences, Chinese People's Republic

The efficacy of application of MET at different concentrations on some morphological
and physiological traits of buckwheat variety Yunchao-5 was studied. The results demonstrated
efficacy of MET to reduce plant height and increase stem thickness. The experiments showed that
the most efficient action was recorded in the variant with the MET concentration of 200 mg / L,
which substantially increased values of such traits as the grain number and 1000 seed weight.
A gain in grain yield by 58.9% was also observed.
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capacity

Introduction. Buckwheat is one of the major cereals in China. Buckwheat is highly di-
gestible, nutritious and of good taste, and in terms of nutritional value and dietary qualities is a
valuable food product. It has a high nutritional value because of its intrinsic ratio between essen-
tial amino acids in protein as well as because of certain medicinal properties [1].

Analysis of publications, pose the problem. Observation during buckwheat vegetation
demonstrated that one week after MET treatment leaf color began to change from light-green to
dark-green, and 10 days after treatment leaves were dense dark green. Leaf blade became thicker,
and leaf edges were slightly curved [2]. Superoxide dismutase (SOD). is one of the most im-
portant enzymes that prevent free radical oxidation in plants. Together with catalase and other
antioxidant enzymes, it protects the organism from constantly forming highly toxic oxygen radi-
cals [3, 4]. Superoxide dismutase catalyses dismutation of superoxide into oxygen and hydrogen
peroxide. Thus, it plays an important role in antioxidant protection of virtually all cells that are
one way or another are in contact with oxygen [5, 6].

The aim and tasks of the study. Investigation of effects of the growth regulator MET on
buckwheat morpho-physiological traits and yield capacity. Determination of an optimum concen-
tration to achieve the maximum economic benefit from application of MET.

Material and methods. The investigations were carried out in 2012-2013 at the Experi-
mental Station of Heilongjiang Academy of Agricultural Sciences. Plot soil is leached black earth
with humus content of 2.35%, the stock of total nitrogen in topsoil is 0.12%, mobile nitrogen -
7.25 mg / kg, mobile phosphorus - 183.7 mg / kg.

Planting was carried out in open ground, upon sowing urea in the dose of 1.7 g / m? and
superphosphate in the dose of 3.3 g/ m? were introduced. During the flowering phase liquid ferti-
lization with urea in the dose of 0.6 g / m? and superphosphate in the dose of 3.2 g / m* was car-
ried out. The experiment included five variants with various concentrations of MET: 0, 150, 200,
250, 300 mg / L in the form of aqueous solution at the volume of 60 mL. Each variant had five
plants per container in triplicate. During the experiment plant height and stem thickness were
measured; chlorophyll content and superoxide dismutase (SOD) activity in plants were evaluated.
The yield as well as other quantitative traits was recorded at the end, upon harvesting.

Results and Discussion. The analysis of the dynamics of buckwheat plant growth across
the experimental variants (Table 1, Fig. 1) shows that with increasing concentration of MET
buckwheat height significantly reduced. The maximum effect of preparation MET on lowering
buckwheat plant height was observed 20 days after treatment. Then there was a gradual decrease
in the MET efficacy.
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Table 1

Dynamics of reduction in buckwheat stem height across
the experimental variants, %

Variant 7 days 14 days 20 days 43 days
150mg /L 2 9 15 12
200mg /L 4 15 19 17
250mg /L 10 20 25 23
300 mg /L 20 23 30 28
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Fig. 1 Dynamics of buckwheat plant height across the experimental variants.

It was experimentally established that with the concentration of MET of 150 mg / L buck-
wheat plant height decreased by 12.6 cm, or by 12% compared to the standard, and the MET con-
centration of 300 mg / L reduced plant height by 29.2 cm, or by 28% compared to the standard.

The analysis of the dynamics of buckwheat stem thickness (Table 2; Fig. 2) across the ex-
perimental variants showed that increase in MET caused a rise in buckwheat stem thickness. The
maximum stem thickness was achieved on day 20 after treatment. The treatment with MET in the
concentration of 150 mg / L contributed to the increase in buckwheat stem thickness by 0.057 cm,
or by 6% compared to the standard, and the treatment with MET in the concentration of 300 mg / L
provided buckwheat stem thickening by 0.198 cm, or by 27% compared to the standard.

Table 2
Dynamics of enlargement in buckwheat stem thickness across the experimental variants, cm
Variant 7 days 14 days 20 days 43 days
150 mg /L 4 6 8 6
200 mg /L 10 13 15 12
250 mg /L 16 20 23 18
300mg/L 23 28 32 27
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Fig. 2 Dynamics of buckwheat stem thickness across the experimental variants.
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Effect of MET on chlorophyll content at the beginning of the flowering phase. We ana-
lyzed chlorophyll content in the third leaf; samples were taken from the middle part of a leaf
blade. The analysis of chlorophyll content in buckwheat leaves across the experimental variants
showed that chlorophyll content in all the MET-treated variants exceeded the standard value. It
was found that chlorophyll content in the variant with the MET concentration of 200 mg / L on
day 10, day 20 and day 30 after treatment was higher by 20.1%, 26% and 17.5% than the stand-
ard, respectively. In the variant with the MET concentration of 250 mg / L chlorophyll content
was slightly inferior to the variant with the concentration of 200 mg / L (Table 3).

Table 3
Efficacy of different concentrations of met on chlorophyll content in buckwheat leaves,
the average for 2 years

Chlorophyll Content (mg/g), fresh weight
MET Concen- 17.08 27.08 06.09
tration, mg/L | Chlorophyll . Chlorophyll ) Chlorophyll :
¢ Contle)n‘[y Gain Contle:nty Gain Con‘t{c)nty Gain
St 10.507 0 5.603 0 4.712 0
150 10.555 +0.048 6.725 +0.822 5.244 +0.232
200 12.619 +2.112 7.06 +1.457 5.638 +0.826
250 12.393 +1.886 6.816 +1.213 5.473 +0.761
300 11.442 +0.935 6.591 +0.988 4.824 +0.112

Superoxide dismutase (SOD). Our studies revealed influence of the preparation MET
on SOD activity in leaves (Table 4). The results showed that superoxide dismutase activity after
emergence of inflorescences gradually decreased, regardless of MET treatment. However, its
activity slowly dropped upon MET treatment in the concentrations of 200 mg / L and 250 mg /
L. SOD activity in the variant with the MET concentration of 200 mg / L exceeded the standard
on 18.08, 28.08 and 07.09 by 1.97, 1.45 and 1.51 units of activity per fresh weight,
respectively.

Table 4
MET Efficacy on SOD Activity in leaves, 2012-2013

MET Concen- SOD Activity (units per fresh weight)
tration, mg/L Date of Measurement
18.08 28.08 07.09
St 7.46 2.10 2.04
150 7.85 2.22 2.10
200 9.43 3.55 3.55
250 8.87 3.42 3.37
300 7.35 2.30 2.03

When analyzing one-plant weight across the variants with various concentrations of MET
(150 mg / L, 200 mg / L and 250 mg / L), we found that in all the variants values exceeded the
standard ones (Table 5). The yiled in the variant with the concentration of 250 mg / L was the
highest and exceeded the standard by 2.26 g or by 61.9%, while in the variant with the MET
concentration of 300 mg / L the yield values were below the standard. 1000 grain weight in the
variants with the concentrations of 200 mg / L and 250 mg / L was higher in comparison with
other variants. The grain number per plant was higher than the standard one in the variants with
the MET concentration of 150 mg / L and 200 mg / L, while in other variants it was lower. Grain
weight per plant significantly exceeded the standard value only in the variant with the MET
concentration of 200 mg / L. In other cases there was no significant difference.
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Table 5
Influence of Various Concentrations of MET on Buckwheat Performance

MET Concentra- 1000 Grain Weight, Grain Number per Grain Weight per
. Plant, Plant,
tion, mg/L g
pcs. g
St 24.5 170.5 3.65
150 27.2 193.6 4.29
200 31.0 205.6 591
250 31.7 168.5 4.73
300 27.3 112.4 3.30
LSDos 1.8

Conclusions. The study results showed that buckwheat plants treated with growth stimu-
lator MET had increased lodging-resistance due to a thickened stem and reduced height. Applica-
tion of MET on buckwheat plants demonstrated efficacy of the concentration of 200 mg / L, when
plants were grown only on fertile soil; this approach was ineffective for unfertile soil. MET
treatment increased chlorophyll content in the budding phase and improved photosynthetic activi-
ty in buckwheat leaves as well SOD effectiveness. As a result, MET treatment increased plant
performance and, thus, enhanced yield capacity.
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BIIVIUB CTHMYJIATOPA POCTY MET HA MOP®O®I310/IOI'TYHI O3HAKH 'PEYKH
Jin Xiaomei
JIssoniHCchKa AKajiemis c.-T. HayK, Kurailicbka HapoaHa peciryOuiika

I'peuka sk omHa i3 OCHOBHHX KPYH SIHUX KyIbTyp y KuTal Mae BUCOKY XapuoBY IIHHICTb 3aBISIKU
CITIBBITHOIIICHHIO HE3aMIHHUX aMIHOKHUCIIOT y O1IKY.

Mera i 3aaau4i pocaixkennsi. Busuenns BruBy peryisitopa pocty MET Ha mopdodizionoriuni
O3HAKU I'peUkH Ta ii BpokailHICTh. BU3HaUeHHS ONTHUMAaIbHOI KOHIIEHTpAIi 11 JOCSITHEHHS
MaKCHMaJIBHOTO €KOHOMIYHOTO eekry Bia 3acrocyBanHs MET.

Marepiayu i meroau. Buxinnuii copt rpeuku — paitonoBanuii y KHP FOns4ao-5. locniau Oymno
3akmaneHo B 2012-2013 pp. Ha gochigHii cTaHmii X3UIyHIIHCHKOT AKaeMil CUTbCHKOTOCTIO-
napcbkux Hayk. [lociB mpoBoamiu y BigkpuTomy IpyHTI. Jlocmin BKIIFOUaB I1°sITh BapiaHTIB 3
pisHor KoHmeHtpamiero MET: 0, 150, 200, 250, 300 mr/a, y BUDISIAI BOJHOTO PO3YMHY
00’emoM 60 mil. Y KOXXHOMY BapiaHTi B OfHIA €MHOCTI 3aJIMIIAIH IO I1’Th POCIUH Y TPHOX
MOBTOPEHHAX. Y XOIi €KCIIEPUMEHTY BHMIPIOBAIM BUCOTY 1 TOBIIMHY cTeOla, BMICT XJI0podi-
ny 1 aktuBHICTE cynepokcuaaucmytasu (COJl, SOD) pocnun. Ypoxkait 00paxoByBaJid B KiHITI
TIpHu 30MpaHHi, 5K 1 1HII KUIBKICHI O3HAKH.

OO0roBopeHHs pe3yJabTaTiB. Y X0/i €KCIIEPUMEHTY BUBUECHO €(EKTUBHICTh 3aCTOCYBAaHHS PI3HUX
koHuentpaniii MET na geski mopdodizionoridni o3Haku rpedku. Pesynbraru mpoBeneHUX
JOCTI/IIB TOKa3adu €(peKTUBHICTh LBOTO MPUHOMY JUIS 3HWKECHHS BHCOTH POCIMHH 1 3011b-
mreHHst ToBuHA credna. [Ipu koruenTpanii MET 150 mr/a BinOyBaeTbcsi 3SMEHIIEHHS! BUCOTH
rpeuku Ha 12,6 cM, abo 12 %, a npu konueHTpaii 300mr/n 3HmKeHHsS pocTy Oyno 29,2 cm abo
28 % y mopiBHAHHI 31 crangapToM. Takox npu miaBuiieHHi koHueHTpauii MET BcranosieHo
MO3UTUBHUH 3B’S30K 3 MMOTOBIICHHSIM CcTe01a, 3 MiIBUILIEHHSAM BMICTY XJIOpOQLLy 1 3HUKESHHAM
aktuBHOCTI CO/l. BcTanoBneHo HaiO1LIbII €eKTUBHY J1it0 y BapiaHTi 3 KoHLeHTpaliero MET
200 mr/n. IIpu nboMy iCTOTHO 30LTBIIYIOTHCS KUTBKICTH 3€pHA 1 Maca THUCSUl 3€PEH, a TaKoXK
CIIOCTEPITAETHCS MPUPICT yporkaro 3epHa Ha 58,9 %.

BucHoBku. Pe3ynbraty mpoBeAeHHUX OCHIKEHb MOKa3ald, L0 POCIWHU Tpeyku, 0OpoOIeHi
ctumynaTopom pocty MET, manu miiBUIlIEHY CTIMKICTh TPOTH BUJISITAHHA 32 PaXyHOK IMOTOB-
HIeHHs cTebrna 1 3HWKeHHs Horo BucoTH. 3actocyBaHHd MET Ha pocnuHax rpedku CBiTYHUTH
npo epeKTUBHICTh MpuiloMy B KoHIeHTparii 200 Mr/a juiie B yMOBaxX BHPOIIYBaHHS Ha
CHOPUSTIMBUX TPYyHTaX, /U1 HECIPUATIMBUX I'PYHTIB 1ieil npuiioM He epexTuBHUI. OOpoOKa
MET niaBuiye BMicTe XJ0opoduty B Mckax y (a3l OyToHi3auii 1 cripusie NiABUIIEHHIO (OTO-
CHHTETUYHOI NisTbHOCTI Tpeuku, edpextuBHOoCcTi CO/l. ¥V pesynbrari 06podka MET 36inbmrye
MPOAYKTUBHICTH POCIMHH 1 BIAMOBITHO MiABUIIYETHCS YPOKAWHICTb.

Knrouoei cnoea: epeuxa, MET, xnopogin, sucoma pociunu, moswuna cmebna, ¢gisionozis,
YpoodrcauHicmy

BJIHAHHUE CTUMYJIATOPA POCTA MET HA MOP®O®HU3HOIOTHYECKHE
IIPU3HAKH ' PEYUXH

Jin Xiaomeli,

JIsonunckas Akagemus c.-X. Hayk, KuTalickas HapomHas peciyoinnka

['peurixa xaK ofHAa U3 OCHOBHBIX KPYIMSHBIX KyJabTyp B KuTae oGnagaeT BbICOKOM MUIIEBON IEH-
HOCTBIO OJ1arofapsi COOTHOIICHU IO HE3aMEHUMbIX aMUHOKHUCIIOT B Oelke.

Hesas u 3agaun ucciaenopanmii. M3yyenue Bnusnus perynsropa pocra MET Ha mopdodusuo-
JIOTUYECKHUE MPU3HAKYU IPEYNXU U €€ ypoKkalHOCTh. OlpenenaeHre ONTUMaIbHOW KOHIIEHTpa-
IIAU JUTSI TOCTHIKEHUSI MAaKCUMAJIBHOTO SKOHOMUYECKOTO d(pdekra oT mpumeHeHnus MET.

MarepuaJjbl M MeToAbl. Mcxonnslii copt rpeunxu — paiionnpoBanHbiii B KHP FOup4ao-5. Onbl-
ThI ObuTH 3aJI0keHBI B 2012-2013 IT. Ha ONBITHON CTAaHIIUK XAMITYHISTHCKONH AKaaeMUU Celb-
CKOXO0341CTBEHHBIX HayK. [loceB MpoBOAMIN B OTKPHITOM I'pyHTE. ONBIT BKIIOYAET MATh Bapu-
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aHTOB C pa3nuuHoi koHIeHTparueir MET: 0, 150, 200, 250, 300 mr/n, B BUJIE BOXHOTO pac-
TBOpa 06beMoM 60 mi1. B kaxgoM BapuaHTe B OJTHOM €MKOCTH OCTAaBJISUIH IO TISITh PACTEHUH B
TpeX MOBTOPEHUsX. B Xone skcnepruMenTa u3MepsIi BHICOTY U TOJNIIUHY CTeOuIs, coaep kaHue
xyopoduiia U akTuBHOCTH cynepokcupaucmytassl (CO, SOD) pactenuii. Ypoxail y4uThI-
BaJICA B KOHIIE NPH YOOpKE, KaK U OCTAJIbHBIC KOJMUYECTBECHHbIC TPU3HAKH.

OO0cy:xaeHue pe3yJbTaToB. B xone skcriepuMeHTa u3ydeHa 3pQPEeKTHBHOCTh IPUMEHEHUS pa3-
TuHBIX KoHIeHTpauuit MET Ha HexkoTopbie Mopdodr3nonornueckue Npu3Haku rpeuuxu. Pe-
3yJBTAThl IPOBEJACHHBIX OIMBITOB MOKa3aiu 3(p(GEeKTUBHOCTh 3TOTO MpUeMa ISl CHUXKEHUS BbI-
COTBI PacTeHUs U yBenudyeHus TonmuHbl credmns. [Ipu konuentpamuun MET 150 mr/n mpouc-
XOAUT CHUKEHHUE pocTa rpeunxu Ha 12,6 cMm, uinu 12 % no cpaBHEHHUIO CO CTaHAAPTOM, a IIPU
koHueHTparuu 300Mr/n cHukeHue pocta 06bu10 29,2 cM unu 28 % 1o cpaBHEHHUIO CO CTaHAap-
toM. Taxxe mpu moBblmieHHH KoHUeHTparmu MET oOHapykeHa IMOJIOKHUTEIbHAs CBSA3b C
YTOJIIEHUEM CTeOJIsl, C MOBBIIIEHUEM COAEpKaHHS XJIOpo(uiia U CHUKEHHUEM aKTUBHOCTH
CO/l. Ycranosneno, yto Haunbonee 3(hekTuBHOE ACHCTBHE OOHAPYKMBAECTCS B BApHAHTE C
konueHtparueid MET 200 mr/n. IIpu 5TOM CymIeCTBEHHO YBEIUYHBAIOTCS KOJTMYECTBO 3€pPHA U
BEC THICSYU 3€PEH, a TaKKe HaOoaeTcs MPUPOCT ypoxkas 3epHa Ha 58,9 %.

BoiBoabl. Pe3ynbrarel mpoBeaeHHBIX MCCIEIOBAHUIN MOKAa3ald, YTO PACTEHUs TPeunuxu, oopado-
TaHHble cTUMYIATOpoM pocta MET, nmMenu NoOBBIIIEHHYIO YCTOMYMBOCTHh K MOJETaHUIO 3a
CUeT YTONIIEHUS cTeOs U cHUKeHHsl ero BeIcoThl. [Ipumenenne MET Ha pacTeHMsIX rpeunxu
CBUCTEILCTBYET 00 3P PexkTuBHOCTH mpuema B KoHIeHTpamuu 200 MI/J TOIBKO B YCIOBHSX
pocTa Ha OIarompUATHBIX MOYBAX, AJIs HEOIAroMpUSATHBIX MOYB 3TOT MpUeM He dPPEKTUBEH.
Oo6paborka MET noBbImaeT conepkanue XJIOpoQuuIa B JUCThAX B (aze OyTOHU3ALNU U CIIO-
COOCTBYET TOBBIIICHUIO (POTOCHHTETUYECKON NeATeNbHOCTH Tpeunxu, d¢dexruBnoctu CO/.
B pesynbrare o6padorka MET yBenuunBaeT mpOAYyKTUBHOCTH PACTEHHS M COOTBETCTBEHHO
ITOBBIIIAECTCS YPOKAUHOCTD.

Knroueswie cnosa: epeuuxa, MET, xnopoghunn, evicoma pacmenus, monwuna cmeons,
Qusuonozus, yporcauHocms

INFLUENCE OF GROWTH STIMULATOR MET ON MORPHO-PHYSIOLOGICAL
TRAITS OF BUCKWHEAT

Jin Xiaomei,

Liaoning Academy of Agricultural Sciences, Chinese People's Republic

Buckwheat as one of the major cereals in China has a high nutritional value due to the balance of
essential amino acids in protein.

The aim and tasks of the study. Investigation of effects of the growth regulator MET on buck-
wheat morpho-physiological traits and yield capacity. Determination of an optimum concen-
tration to achieve the maximum economic benefit from application of MET.

Material and methods. The test buckwheat variety - released in China variety Yunchao-5. The
experiments were laid out in 2012-2013 at the Experimental Station of Heilongjiang Academy
of Agricultural Sciences.

Planting was carried out in open ground. Experience has five options with various concentrations
MET: 0, 150, 200, 250, 300 mg / L, an aqueous solution volume of 60ml. The experiment in-
cluded five variants with various concentrations of MET: 0, 150, 200, 250, 300 mg / L in the
form of aqueous solution at the volume of 60 mL. Each variant had five plants per container in
triplicate. During the experiment plant height and stem thickness were measured; chlorophyll
content and superoxide dismutase (SOD) activity in plants were evaluated. The yield as well
as other quantitative traits was recorded at the end, upon harvesting.

Results and Discussion. The efficacy of various concentrations of MET on some buckwheat
morpho-physiological traits was experimentally studied. The results of these experiments
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demonstrated the efficacy of MET to reduce plant height and to increase stem thickness. When
MET being applied at the concentration of 150 mg / L, buckwheat height decreased by 12.6
cm, or by 12% compared to the standard, the concentration of 300 mg / L caused the reduction
in height by 29.2 cm, or by 28% compared to the standard. In addition, there were positive
correlations between increasing concentrations of MET and stem thickening, between increas-
ing concentrations of MET and rise in chlorophyll content, and between increasing concentra-
tions of MET and decline in SOD activity. It was found that the MET concentration of 200 mg
/ L was the most effective. In the variant with this concentration the grain amount and 1000
grain weight significantly increased; the gain in grain yield by 58.9% was also observed.

Conclusions. The study results showed that buckwheat plants treated with growth stimulator
MET had increased lodging-resistance due to a thickened stem and reduced height. Applica-
tion of MET on buckwheat plants demonstrated efficacy of the concentration of 200 mg / L,
when plants were grown only on fertile soil; this approach was ineffective for unfertile soil.
MET treatment increased chlorophyll content in the budding phase and improved photosyn-
thetic activity in buckwheat leaves as well SOD effectiveness. As a result, MET treatment in-
creased plant performance and, thus, enhanced yield capacity.

Key words: buckwheat, MET, chlorophyll, plant height, stem thickness, physiology, yield capacity
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