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PE3IOME

Lenta Ha paspaboTkata e ga ce
YyCTaHOBM B/IMSIHUETO HA HaunMHa Ha
HanosBaHe BbPXY MNPOAYKTMBHOCTTA Ha
rpaguHckn dpacyn, copt “Ctpaik”. Mon-
CKMAT eKCnepuMeEHT e NpoBeJeH npes ne-
puvoga 2013-2015 r. B YOIl Ha AY -
Mnos-gme. W3nutaHu ca cnegHute Ba-
puaHTu: 1) 6e3 HanosBaHe; 2) rpaBuTa4yHoO
HanosBaHe; 3) KankoBO HanosiBaHe; U 4)
HanosiBaHe uype3 AbxaysaHe. MNonuekuTe
ca peasiM3vpaHu Npu JocTuraHe Ha npeg-
nosveHa BnaxHoct 80 % ot TMNB npwu
BCMYKM MOSIMBHWU BapuaHTu, a noavBHaTa
HOpMa e n3uucrisiBaHa 3a HaB/laXHsABaHe
Ha nouseH cnoit 0-60 cm. HanosiBaHeTo
Ha ONWTHWTE MapLuesin e OCbLLECTBABAHO
ypes3 pas/IMYHN TEXHUKM 3a pasnpepens-
He Ha no/suBHaTa BOAa, CbOTBETHO MO
6pa3an, 4Ypes Kankosa cuctemMa u ypes
MUKpoabxayBaHe. OO6O6LWEeHNTEe AaHHM
nokassaT, 4e NpuM HEMnoSIMBHWU YCOBUS
[obnBbT e cpegHo 601 kg/da, kato
Bapupa ot 319,1 kg/da po 743,0 kg/da.
HaunHbT Ha HanosiBaHe Bfvsie cnabo u
He e[HOMOCOYHO BBbPXY Jobusa OT
rpaguHckn cpacyn. Hail-gobpu pesyntatu
ce nonydyasaT MNPy KankoBO HanosiBaHe
cpepHo 1222 kg/da, koeTo e Hag wecT

SUMMARY

The intention of this study was to
establish the impact of the way of
irrigation on the productivity of garden
beans variety "Strike". The experiment
was conducted in the 2013-2015 period in
the experimental field at Agricultural
University Plovdiv. Variants of the
experiment are: 1) without irrigation; 2)
gravity irrigation; 3) drip irrigation and 4)
sprinkler irrigation. The irrigation of the
experimental parcels was realized when
soil moisture reaches 80% of field
capacity in all irrigation variants.

rate  calculated for
layer of 0-0.60 m.
Irrigation  realizeg  through  different
techniques for water distribute
respectively by furrow, drip system and
micro-spray system. In option 1 (without
irrigation) the yields were average 601
kg/da, ranging from 319 to 743 kg/da.

The irrigation
humidification soil

The way for irrigation has a weak effect
and not unilateral over the yields from
green been. Best results were obtained by
drip irrigation the average 1222 kg/da or
more than six times higher vyield
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MbTW MNO-BUCOK JO6WMB CMNPSIMO HEMONUB-
HWUA BapwaHT. MNpu rpaBMTaYHO HanosiBa-
He [06MBBLT e cpepgHo 1156,2 kg/da, a
npu BapvaHTa HarnosiBaH 4pe3 AbXAayBa-
He, cblma e 1087,3 kg/da.

KniouoBu aymn: rpaguHckn  dpacyn,
HanosBaHe, rpaBMTa4HO HanosiBaHe, KankoBso,
AbxayBaHe, 006MBK; NPOAYKTUBHOCT

YBO/[,

paguHCKMAT thacyn ce oTrniexaa B
MHOrO paioHM Ha cTpaHaTa, Kato npes
nocnefHuTe HAKOMKO TOAUHW MPOU3BO4-
CTBOTO My € HacO4YeHO [/1laBHO B LEH-
TpanHata ¥ 3anagHara 4yact Ha HOxHa
Bvarapusa, KbAeto njowute ca OKOJio
1400 ha. B CeBepHa bbnrapus cblmte
ca okoso 300 ha. [lobmBuTe 3a pasNnNyHu-
Te palioHun Bapupart ot 550 go 1120 kg/da
(Savkova, 2005).

paguHckmAT dhacyn e egHa oT
Ma/IKOTO 3€e/IEHYYKOBU KYNTypW, KOWUTO
Jasar [06UB MpPU HEMONUBHU YC/OBUSA,
KaTo 3a KIMmMaTU4YHWTE YC/I0BUA Ha YHra-
pusa poéusute ca 190-280 kg/da (Helyes
et al.,, 2005). Tomar (2003) npoBexna
aHasI0rMYHM Ha 3a/10KEeHNTE B HacTosLLa-
Ta pa3paboTka uscnegBaHus, kato npoyu-
Ba B/INAHMETO Ha HayMHa Ha HanosiBaHe
BbPXY MPOAYKTUBHOCTTA Ha TrPafVHCKNA
tpacyn. Mo pgaHHM Ha Lin-He et al. (1987),
JonbaHMTENHUA [o6MB e B rpaHuumTe 32-
36% npu BbTPENno4YBeHOo HanossaHe n 20-
23% npu HanosiBaHe 4pe3 AbXAyBaHe.
KankoBoTo yBenuyasa fob6usa ¢ 32,5%, a
MUKpOAbXAyBaHeTo — ¢ 18,7%.

Mpu cpaBHEHWE MeXAy KankoBOTO
1 rpaBUTAYHOTO HanosisaHe Gencoglan et
al. (2006) cbLUo Taka He aaBaT KOHKPETHO
npeaMMCcTBO Ha efuHUA OT [BEeTe Ha4ynHa
3a HanosieaHe No OTHOLLEeHWe Ha J06MBa,
HO oTuuTatr cpegHo 16% wWKOHOMUMA Ha
nosivBHa BOAa NPW KarkoBoTO HanosiBaHe.
3a ycnosusita Ha Konya (Hamupaly ce
BbB BbTpeLlHOCTTa Ha Typuusa), Topak et
al. (2009) paBaT NpeAMMCTBO Ha ObXAOY-
BaHeTO Npef KankoBOTO HanosiBaHe, KaTto
oTYMTaT NO-BUCOKM JO6GUBU U NO-ronsma
e)eKTVBHOCT Ha u3pasxofeHara OT pac-
TeHWATa BOAA W HamouTenHata Hopma.

compared to a non-irrigated embodiment.
In gravity irrigation yields were average
1156,2 kg/da, while in the embodiment
irrigated by sprinkling, the same was
1087,3 kg/da.

Key words: green beans, drip
irrigation, sprinkler irrigation, gravity irrigation,
evapotranspiration, yields, productivity

INTRODUCTION

The green beans are grown in
many regions of the country, and in the
last few years, their production is mainly
concentrated in the central and western
parts of southern Bulgaria where the area
is about 1400 ha. In North Bulgaria the
same is about 300 ha. The yields for the
different regions range from 550 to 1120
kg/da (Savkova, 2005).

Garden beans are one of the few
vegetable crops that produce yields under
irrigated conditions, and for the climatic
conditions of Hungary the vyields are
190-280 kg/da (Helyes et al., 2005).

Tomar (2003) conducted similar research
to the present study, examining the
impact of irrigation on the productivity of
garden bean. According to Lin-He et al.
(1987), the extra yield is in the range of
32-36% in inland irrigation and 20-23% in
spring irrigation. The drip increases the
yield by 32.5%, and the microwaving — by
18.7%.

When comparing drip and gravity
irrigation Gencoglan et al. (2006) do not
give a particular advantage to one of the
two ways of irrigation in terms of yield but
account for an average of 16% of
irrigation water savings on drip irrigation.

For the conditions of Konya (located
inside of Turkey), Topak et al. (2009) give
preference to spring irrigation in
comparison with drip irrigation, taking into
account higher vyields and greater
efficiency of the water and irrigation rate.
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Koksal et al. (2008) oTtumTaT Hali-BUCOKa
e(hpeKTUBHOCT Ha KamnkoBOTO HarnosiBaHe,
npu koeTo fobussT goctura 2500 kg/da.

MATEPVAT N METOOU

C uen yctaHoBsiBaHe BJ/IMAHWETO Ha
HauyMHa Ha HanosiBaHe BbPXY MPOAYKTUB-
HOCTTa Ha rpaguHckm  dpacyn  (copt
“CTpaiik”), e npoBefeH MOJICKM eKcnepu-
MeHT npe3 nepuoga 2013-2015 r. B YOI
npu AY - lnoBavB BBLPXY aslyBUaSIHO-/U-
BafHa OuBLIA 3abnaTeHa noysa. ONUTHLT €
3anaraH no mMetoja Ha AbArUTe napuenu B
4YeTMpKn NOBTOPEHUSA C roNIeMUHA Ha ONMUTHK-
Te napuesm 20 m®, a Ha pekonTHute — 10
m® 1 cxemarta Ha 3acsiBaHe — 50 x 5 cm (20
pacteHuss Ha 1 nuHeeH meTbp). M3nutaHu
ca cnefHuTe BapuaHTu: 1) 6e3 HanosiBaHe;
2) rpaBuMTayYHO HanosiBaHe; 3) KankoBO Ha-
nosiBaHe; n 4) HanosieaHe yYpes AbXAyBaHe.
MonvBkMTE ca peanusnpaHn npu gocturaHe
Ha npegnonveHa BnaxHoct 80 % ot MNMNB
Nnpyv BCUYKM MOJSIMBHM BapuaHTU, a MoJiB-
HaTa HopMma e M3uync/iABaHa 3a HaB/laXHSA-
BaHe Ha nouyseH cnon 0-60 cm. Hanosiea-
HEeToO Ha OnNUTHWUTE napuesnn e OoCbLEeCTB-
ABaHO 4pe3 pas/IMyHU TEeXHUKWN 3a pasnpe-
JensiHe Ha noavBHaTa BOAa, CbOTBETHO MO
6pa3gun, uype3 kankosa cuctemMa W 4ypes
MUKPOABXAYBaHe.

[o6buBBLT e oTYeTeH Mo BapuaHTu "
NOBTOPEHUS, a pe3ynTaTute ca 06paboTeHu
CTaTUCTMYECKN 4pe3 COTyepHUS MpoAyKT
ANOVA 1, KoWTO € 4yacT OT KOMMTbpHaTa
nporpama BUOCTAT (Penchev, 1988).

PE3YJITATN N OBCb)XXAAHE

MpoAYyKTUBHOCTTA Ha BCSKA CEJICKO-
cTonaHcka Kyntypa 3aBUCKU OT KOMM/IEKC OT
chakTopK, KaTO OCHOBHUTE ca: BUAA Ha Kys-
Typata, coptoBute U 0COGEHOCTH, NpW/o-
XeHaTa arpoTexHuka, 6posi Ha peanvsupa-
H/WTE NOJSIMBKW, HAYMHa MO KOWTO ca noja-
[JEHV 1 He Ha MocnefHO MSICTO MEeTeoposo-
rMyHuTe ycnosus. ONUTHUTE TOAMHK ca Xa-
pakTepv3vpaHu Mo OTHOLIEHWe Ha najHa-
MTe BasIeXu, cymMaTa Ha CpefHOAEeHOHOLL -
HaTa TemnepaTypa Ha Bb3fyxa u fecmumTa
[0 HacuvlaHe Ha Bb3fyxa C BOAHU Mapu
(Tabnuua 1). Ha ®urypa 1 e nokasaHo pas-
npefeneHneTo Ha BasiexuTe No Aekagy 3a
pasrnexaaHusa nepuos Ha onuTHUTE TOANHN.

Koksal et al. (2008) reported the highest
efficiency of drip irrigation, where yield
reached 2500 kg/da.

MATERIAL AND METHODS

In order to establish the influence of
the way of irrigation on the productivity of
garden bean (variety "Strike") a field
experiment was conducted during the
2013-2015 period in the experimental field
at AU - Plovdiv. The experience is based
on the long plots method in four iterations.
The size of the experimental plots is 20
m?, and the harvest — 10 m? in the sowing
scheme — 50 x 5 cm (20 plants per 1
meter). They were tested several variants:
1) without irrigation; 2) gravitational
irrigation; 3) drip irrigation; And (4) spring
irrigation.  The  irrigation  of the
experimental parcels was realized when
soil moisture reaches 80% of field
capacity in all irrigation variants. The
irrigation  rate  was calculate for
humidification soil layer of 0-0.60 m.
Irrigation was realize through different
techniques for water distribute
respectively by furrow, drip system and
micro spray system.

The yield reported by variants and
replication. The results were processed
statistically through a software product
ANOVA 1, that is part of computer
program BIOSTAT (Penchev, 1988).

RESULTS AND DISCUSSION

The productivity of each agricultural
crop depends on a set of factors, the main
ones being: the type of crop, its varietal
features, applied agro-technology, the
number of the irrigated water produced,
the way in which the weather conditions
have been submitted and not the place.
Experimental years are characterized in
terms of fallen rainfall, sum of average
daily air temperature and water saturation
deficit with water vapor (Table 1). Figure 1
shows the distribution of precipitations by
decades for the reference period of the
experimental years.
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Tabnuua 1. KnumatnyHa xapakrepuctuka 3a nepuoga V-Vl
Table 1. Climate characteristics for periods V-VII

imension N T D
Year (rainfall) (temperature ) (deficit )

2013 176,2 mm; medium- | 1996,1°C; medium- | 947,8 HPa; medium-
humid (P =38,1%) warm (P = 21,9%) dry (P = 24,1%)

2014 235,5 mm 1892,1°C 719,4 HPa
humid (P =20,0%) | medium (P =55,4%) | humid (P = 84,8%)

2015 151,1 mm 2018,1°C 923,3 HPa; medium-
medium (P = 55,2%) warm (P = 14,3%) dry (P = 34,2%)

80 1 gzg1a

70 mz2014

30 | @015 :.

Waversge 83 yesrs

rainfall
N (mm])

®dur. 1. Cyma Ha Basiexxute no gecetaHeBku 3a nepuoga V-Vl
Fig. 1. Sum of precipitations by decades for periods V-VII

[aHHunTe 3a fobvBa Npu HENnosmB-
HW YyCNoBWs W Npu TpuTe WK3NON3BaHU
HayMHM 3a HanosiBaHe ca npeacTaBeHu
no roguHn Ha Tabnuuute 2, 3 1 4, a Ha
Tab6nuua 5, cbwmuTe ca ocpegHeHu. bna-
rogapeHve Ha [o6poTo Bnarosanacssa-
He Ha nouysaTa npe3 eceHHO-3UMHUA ne-
puon n HUCKNS BOAOPA3X0/[, Ha pacTeHus-
Ta npes3 nepuoga ot ceutbara Ao hasa
"OYyTOHU3aUMS”, KaKTO M B pe3yntar Ha
6naronpusitTHaTa Ba/ieXXHa 06CTaHOBKa
npes nbpBaTa MoOJIOBMHA Ha OHU U
nbpBarta nosioBMHA Ha 0711, PACTEXHUAT
W OCHOBHara 4acT OT pPenpoAyKTUBHUSA
nepuof Ha chacyna npes 2013 rogvHa
npotuyatr B YC/OBUATA Ha OnTUMasiHa
noyBeHa BfaxHOCT. B pesyntar Ha ToBa,
[OBUBBT, MOMYYEH NPU HENOJIMBHU YCI1O0-
BUS e BUCOK — 741,7 kg/da. Peanusnpa-
HeTO Ha ABe MOJMBKW Npe3 nepuoja Ha
HapacTBaHe Ha 6060BeTe OKa3Ba Cbluec-
TBEHO B/NSAHWE BBLPXY MPOAYKTMBHOCTTA
Ha dpacyna, KaTo AOOGUBLT HapacTea ¢ 29 —
80%, B 3aBMCMMOCT OT npuioXxeHaTa
nosinBHa TexHuka. Mpu TpuTe HauMHa 3a

Yield data obtained without
irrigation in the three irrigation methods
used are presented by years from Tables
2, 3 and 4, and in Table 5, they are
averaged.

Thanks to the good soil moisture during
the autumn-winter period and the low
water flow of the plants during the sowing
period to the buttoning phase and as a
result of the favorable rainfall situation in
the first half of June and the first half of
July, the growth and main part of the
bean reproduction period in 2013 run
under conditions of optimal soil moisture.

As a result, the yield obtained under non-
irrigating conditions is high — 741.7 kg/da.

The implementation of two irrigations
during the growth of the pods has a
significant impact on the productivity of
beans, the vyield increased by 29-80%,
depending on the applied irrigation
equipment. In the three irrigation modes,
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HanosiBaHe, pas/iMK1Te B o6mBa cnpsimMo
HEMNO/IMBHUA BapuaHT ca CTaTUCTUYECKU
JokasaHu. Npu cpaBHABaHe Ha NOJSINBHU-
Te BapuaHTu, CTaTUCTUYECKU foKa3aH no-
BMCOK A06MB € MO/Jy4YeH Mpu KankoBoO
HanosiBaHe. Npu cpaBHeHWe C BapuaHTa,
HanosiBaH KarkoBoO, pasfnvkaTa Cnpsamo
BCUYKM OCTaHauIN BapuaHTU Ha onuta e
cTatMcTMyeckn fokasaHa. 3a ycnosuAta
Ha Ta3un ekcnepMMeHTasIHa rogmHa oousbsbT
npy TO3N HAYMH 3a HanosiBaHe e Hali-BUCOK,
Kato HaaBulwasa TO3W, MNOJSyYeH npu
HanosiBaHe no 6pasan ¢ 25,5% un TO03MY,
nostlydyeH npu gwuxaysaHeto ¢ 40,2%.

MI3BECTHO € 4e BCUYKM 6060BU
KyNTYpW pearvpart nosiox1TesIHo Ha BUCOKa
Bb3[yLUHa BNAXHOCT Mpe3 nepuoja Ha
ubiTexa, Kato cblLlaTa ce ocurypsisa npwm
HaM4yme Ha 4YecTu Banexu npes Tasu pasa
OT Beretauusara wamM kKorato MosMBKuTe ce
M3BbpLUBAT 4ype3 AbxAayBaHe. [Npe3 Tasu
onuTHa roguHa obaye, NMOSIMBHUAT NEPUOL,
3arnoysa MHOro cfiep Tasu KpuTuuHa dpasa
OT BereTaumsta Ha pacyna u npegum-
cTBata Ha AbX/AyBaHETO KaTo HauuH 3a
HanosiBaHe He ca nposseHu. lNopaamn KoeTo
pasnukata B f06uBWUTE, MNOSy4YEHU nNpU
HanosiBaHe NO 6pasan M Ypes3 AbXAyBaHe
He ce [JokasBaT CTaTUCTUYeCKW, Kato npe-
OUMCTBOTO Ha rpaBUTa4yHOTO HanosiBaHe e
11,8%.

the yield differences compared to the
non-irrigated variant are statistically
proven. When comparing irrigation
variants, a statistically proven higher yield
is obtained by drip irrigation. When
compared to drip irrigation, the difference
from all other variants of the experiment
is statistically proven. For the conditions
of this experimental year, the yield of this
irrigation  method is the highest,
exceeding that obtained from irrigation by
furrows by 25.5% and that obtained by
spraying with 40.2%.

It is known that all legumes react
positively with high air humidity during the
flowering period, which is ensured in the
presence of frequent rainfall during this
phase of vegetation or when irrigation is
carried out by sprinkling. During this
experimental year, however, the pollen
period began much after this critical
phase of bean vegetation and the
benefits of sprinkling as a way of
irrigation were not demonstrated. As a
result, the difference in yields obtained
from furrow irrigation and sprinkling is not
statistically proven, with the advantage of
gravity irrigation being 11.8%.

Tabnuua 2. BAusiHMe Ha HauyMHa 3a HanosiBaHe BbPxXy [006MBa OT rPaguHCKM

thacyn npes 2013 rogmHa

Table 2. Influence of the way of irrigation on the bean yield in 2013

Variants Yield Compared to Var. 1 Compared to Var. 2
kg/da Y % proof Y % proof
HenonuseH (without) 741,7 St. 100,0 St. -324,5 | 69,6 B
no 6pasau (gravity) 1066,2 | 324,5 | 143,8 B St. 100,0 St.
Kankoso (drip) 1337,6 | 595,9 | 180,3 C 271,4 | 1255 A
ObxaysaHe (sprinkler) | 953,8 | 212,1 | 128,6 A -112,4 | 89,5 n.s.
Variants Yield Compared to Var. 3 Compared to Var. 4
kg/da Y % proof | +/-Y % proof
HenonuseH (without) 741,7 | -595,9 | 55,5 C -212,1 | 77,8 A
no 6pasau (gravity) 1066,2 | -271,4 | 79,7 A 112,4 | 111,8 n.s.
Kankoso (drip) 1337,6 St. 100,0 St. 383,8 | 140,2 B
OvxaysaHe (sprinkler) | 953,8 | -383,8 | 71,3 B St. 100,0 St.
GD npu P: 5% = 199,8kg/da 1% = 302,7 kg/da 0,1% = 486,6 kg/da
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Ta6bnuua 3. BnusHue Ha HauyMHa 3a HanosiBaHe BbPXY [06MBa OT rpaguiHCKu
thacyn npe3 2014 rogmHa
Table 3. Influence of the way of irrigation on the bean yield in 2014

Variants Yield Compared to Var. 1 Compared to Var. 2

kg/da | Y % proof +Y % proof
HenonueeH (without) 743 st. | 100,0 st. -635 | 53,9 C
no 6pasau (gravity) 1378 | 635 | 185,5 C st. | 100,0 st.
KankoBo (drip) 1307 | 564 | 175,9 C -71 | 94,8 A
ObxaysaHe (sprinkler) | 1366 | 623 | 183,8 C -12 | 99,1 n.s.
Variants Yield Compared to Var. 3 Compared to Var. 4

kg/da | Y % proof +Y % proof
HenonueeH (without) 743 | -564 56,8 C -623 | 54,4 C
no 6pasau (gravity) 1378 71| 1054 A 12 | 100,9 n.s.
KankoBo (drip) 1307 st. | 100,0 st. -59 | 95,7 n.s.
ObxaysaHe (sprinkler) | 1366 59 | 104,5 n.s. st. | 100,0 st.

GD npu P: 5% = 64 kg/da

1% = 97 kg/da

0,1% = 155 kg/da

Pesyntatute 3a pgobuBa npes
BnaxkHata 2014 roguHa (Ta6numuya 3) ca
nokasartesiHM 3a 4yBCTBUTE/IHOCTTA Ha
rpagvHckms  hacyn KbM  3acylwaBaHe
npas nepmoga Ha ubTex. JonyckaHeTo
Ha BOAEH AedumuuT npe3 Tasu yacT oT
BeretauuaTa 3a nepuog ot 10-14 gHwn
OKazBa MHOTO CWU/JHO  OTpuUaTesiHO
BNMSHME BbPXY [AobmBa Ha poHa Ha
TO3W, OTYETEH NPU NOSIMBHUTE BapuaHTu.
Bbnpekun, ye npes octaHanaTa 4act OT
BeretaumaTa BasiexHaTa o6CTaHOBKa €
6naronpusitHa, AobuBa nNpu  Cyxus
BapuaHT e 54-57% oT1 1031 npu NoJsINBHA
ycnosusi. Pasnivkarta e ¢ Hail-BUCOK paHr
Ha cTaTtucTuyecka pokasaHocT. [opagm
0COGEHOCTMTE Ha roguHaTa, BIUSIHMETO
Ha nofMBHaTa TEXHVKa BbpXy AobuBa e
He3HauyMTesHa, kKaTo B NOBEYETO Cy4ali
He ce gokasBa cTaTucTuyecku. Msknwove-
HWe npasBu JO6UBBLT MPU rPaABUTAYHOTO
HanosiBaHe Mo OTHOLUEHWE Ha KankoBOTO
(B nonsa Ha MbPBOTO).

OonTMMmn3MpaHeTo Ha NOJVBHUA
pexvmMm npes Tpetara onuMTHa roguHa —
2015 (Tabnuua 4) ysenuyasa fobuBa C
OKO/I0 M Hag 3 MbTM B CPaBHEHME C
Nnosly4eHnss Npu  HENOSIMBHU  YC/IOBUSI.
Oco6eHo ronsam ce sBsiBa NPUHOCHT Ha
NnosIMBKMUTE, MPOBEAEHN Mpe3 Penpoayk-
TMBHMA NEPUOA W Hali-Beye Tesn — npes
nepvoga Ha HapacTBaHe Ha 6oboBeTe.

The vyields for the wet year 2014
(Table 3) are indicative of the sensitivity
of the bean to the drought during the
flowering period.

The assumption of a water deficit during
this part of the vegetation for a period of
10-14 days has a very negative impact on
the vyield in the background of that
observed in irrigation variants. Although
for the rest of the vegetation the
precipitation is favorable, the yield in the
dry variant is 54-57% of the irrigation
conditions. The difference is of the
highest rank of statistical proof. Due to
the features of the year, the influence of
the irrigation technique on the vyield is
insignificant, and in most cases it is not
statistically proven. Exception is the yield
of gravity irrigation with respect to the drip
(in favor of the first one).

The optimization of the irrigation
regime in the third experimental year -
2015 (Table 4) increases the yield by
about and more than three times
compared to the yields obtained under
non-irrigating  conditions.  Particularly
large is the contribution made by the pots
during the reproduction period, especially
those during the growing period of the
beans.
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Tabnuua 4. BnusHue Ha HauyMHa 3a HanosiBaHe BbPXY [06MBa OT rpaguiHCKu
thacyn npe3 2015 rogmHa
Table 4. Influence of the way of irrigation on the bean yield in 2015

Variants Yield Compared to Var. 1 Compared to Var. 2

kg/da Y % proof +Y % proof
HenonueeH (without) 319,1 St. | 100,0 St. -705,4 | 31,1 C
no 6pasau (gravity) 1024,5 | 705,4 | 321,1 C St. | 100,0 S.t.
KankoBo (drip) 1020,5 | 701,4 | 319,8 C -4 | 99,6 n.t.
ObxaysaHe (sprinkler) | 942,2 | 623,1 | 295,3 C -82,3 | 92,0 A
Variants Yield Compared to Var. 3 Compared to Var. 4

kg/da Y % proof +Y % proof
HenonueeH (without) 319,1| -701,4 | 31,3 C -623,1 | 33,9 C
no 6pasau (gravity) 1024,5 4,0 | 100,4 n.s. 82,3 | 108,7 A
KankoBo (drip) 1020,5 St. | 100,0 St 78,3 | 108,3 A
ObxpysaHe (sprinkler) | 942,2 | -78,3 | 92,3 A St. | 100,0 S.t.

GD npu P: 5% = 59,4 kg/da

1% = 90,0 kg/da

0,1% = 144,7 kg/da

EkcTpemHoTO

3acyliaBaHe

npes

Extreme dryness during the second half

BTOpara MoJsioBMHA OT Beretauusita He
BOAM 00 CbLLECTBEHU MPOMEHM B [06MBa,
CNefCcTBYEe NpuiaraHeTo Ha pasinyHn Tex-
HMKW 3@ HanosiBaHe, KaTo pasukMTe Mexay
oTAenHuTe BapuaHTu ca nog 10%. Tosa
[JaBa OCHOBaHuWe fa ce cuuta, Ye Jopuv npu
6060BUTE KYNTYpU (M3BECTHU C W3MCKBA-
HMATA CM KbM aTtMocdepHaTta B/IaXHOCT ©
pearvpally MoJsIOKUTE/THO Ha HanosiBaHe
ypes AbXAyBaHe), HaBPeMEeHHOTO peasiniu-
paHe Ha MoJIMBKUTE e No-BaxHOo 3a [obuea
OTKO/MIKOTO HauuHa, Mo KOWTO e peannsu-
paHa cboTBEeTHaTa NosvBKa.

of vegetation does not lead to significant
changes in yield due to the application of
different irrigation techniques, with
variations between variants below 10%.
This gives reason to believe that even in
leguminous crops (known for their
atmospheric humidity requirements and
positive irrigation responses), the timely
realization of the watering is more
important for the yield than the way in
which the irrigation is realized.

Tabnuua 5. BAnsiHne Ha HauuHa 3a HanosiBaHe BbpxXy A06MBa OT FPagnHCKU

thacyn cpegHo 3a nepuoga 2013-2015r

Table 5. Influence of the way of irrigation on the bean yield for period from 2013

to 2015
Variants Yield Compared to Var. 1 Compared to Var. 2
kg/da Y % Y %
HenonuseH (without) 601,3 St. 100,0 -555,0 52,0
no 6pasau (gravity) 1156,2 555,0 192,3 St. 100,0
Kankoso (drip) 1221,7 620,4 203,2 65,5 105,7
ObxaysaHe (sprinkler) | 1087,3 486,1 180,8 -68,9 94,0
Variants Yield Compared to Var. 3 Compared to Var. 4
kg/da Y % Y %
HenonuseH (without) 601,3 -620,4 49,2 -486,1 55,3
no 6pasau (gravity) 1156,2 -65,5 94,6 68,9 106,3
KankoBo (drip) 1221,7 St. 100,0 134,4 112,4
OvxaysaHe (sprinkler) | 1087,3 -134,4 89,0 St. 100,0
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Ha Ta6bnuua 5 ca npeactaBeHu
ocpefHeHUTe OT TpuTe ONWUTHU TOOUHU
JaHHM 3a fo6uBa, KOMTO ca B nogkpena
Ha Ka3aHoTo no-rope. MpoAyKTUBHOCTTA
Ha HanouTesiHatTa Hopma Cce u3passiBa
ypes MosTy4eHns AOMbHUTENEH A06OMB B
kg 3a 1m® oT HamouTenHata Hopwma.
Mopaan hakTa, 4ye npe3 BToparta roguHa
e nojajeHa caMo efHa MoJivMBKa, HO BbB
paza npe3 KOATO KynTypara € nmo-
YyBCTBUTE/IHA KbM MOYBEHATA BNAXKHOCT,
NPOAYKTMBHOCTTA Ha  HanouTesiHata
HOpMa e MHOro Bucoka (8-9 kg Ha 1m°).
MopaneHnTe B Kpas Ha BeretauusTa ase
NnosvMBKM Mpe3 nbpBata OnuTHa roguHa
CblWO Taka ocurypsisat 3Ha4yuUTENHO
yBeNMYEeHNe Ha Jo6uBa, HO mopagw mno-
rosleMnsi pasmep Ha HamouTefniHaTa Hop-
Ma, HeillHaTa NPOAYKTUBHOCT € 3HauuTesn-
HO no-mMasika (2-6 kg Ha 1m3). Mopaau
cbllaTa npuyMHa CTOMHOCTUTE Ha MoKa-
3aTtens ca CpaBHUTESIHO HUCKU W npes3
Tpetata ekcnepMMeHTasHa rofuHa, KaTto
HauMHa Ha HanosiBaHe He oKa3Ba BJ/us-
Hue BbPXY Tax (Tabnuua 6 n durypa 2).

In Table 5 the yield data averaged
over the three experimental years, which
are in support of the above, are
presented. Productivity of the irrigation
rate is expressed by the resulting extra
yield in kg per 1m® of the irrigation rate.

Due to the fact that in the second year
only one water is fed, but in a phase
where the crop is more sensitive to soil
moisture, the productivity of the irrigation
rate is very high (8-9 kg per 1 m®).

At the end of the vegetation two watering
in the first experimental year also provide
a significant increase in yield, but due to
the higher irrigation rate, its productivity is
significantly lower (2-6 kg per 1m3).

For the same reason, the values of the
indicator are comparatively low in the
third experimental year, and irrigation
does not affect them (Table 6 and Figure
2).

Ta6bnuua 6. TMMpPoAYyKTMBHOCT Ha HamnouTesiHatTa HopMa B 3aBUCUMOCT OT
n3non3BaHaTa TEXHUKa 3a HanosiBaHe Nnpw rpaguMHcKn acyn no roguHn
Table 6. Productivity of the irrigation rate depending on the irrigation technique

used in garden beans by years

Variants Yield | Additional crop |Irrigation rate| Productivity of M
kg/da | kgida | % mm kg/m®
2013
HenonuseH (without) | 741,7 St. St. - -
no 6pasau (gravity) 1066,2 | 324,5 | 143,8 106,0 3,061
Kankoso (drip) 1337,6| 595,9 | 180,3 105,2 5,664
bxaysaHe (sprinkler)] 953,8 | 212,1 | 128,6 101,9 2,081
2014
HenonuseH (without) | 743,0 St. St. - -
no 6pasau (gravity) 1378,0| 635,0 | 185,5 71 8,944
KankoBo (drip) 1307,0| 564,0 | 1759 71 7,944
bxaysaHe (sprinkler) 1366,0 | 623,0 | 183,8 71 8,775
2015
HenonuseH (without) | 319,1 St. St. - -
no 6pasau (gravity) 1024,5| 7054 | 321,1 278 2,537
Kankoso (drip) 1020,5| 701,4 | 319,8 303 2,315
bxaysaHe (sprinkler)] 942,2 | 623,1 | 295,3 292 2,134

284



1350 4,0
=
1200 - 35 2
T g
=
1050 30 £
900 z
25 £
3 750 é“:g
>® -20 5D
B2 600 F
=2 15 5
) =
[=] 450 - T
= z
300 1.8 E
=4
150 0,5 S
C
0 0.0
HenonueeH Mo 6paszgn Kankoeo OwvxayBaHe
(without) (gravity) (drip) (sprinkler)
Cedditional yield = Yield- noirrigation Productivity of M
dur. 2. TpoAyKTMBHOCT Ha HanouTesiHaTa HopmMa B  3aBUCUMOCT OT

n3nosisBaHarta TeXHMKa 3a HarnosdaBaHe rnpu rpagnHCKun qaacyn CcpengHo 3a nepunoga

2013-2015r.

Fig. 2. Productivity of the irrigation rate depending on the irrigation technique
used for garden beans on average for the period 2013-2015

13BOAV

Mpu HENONMBHU YCNOBUA AOOUBBLT
OT rpagmHcku hacyn e cpegHo 601 kg/da,
kato Bapupa oT 319,1 kg/da pgo 743,0
kg/da.

HauvHbT Ha HanosBaHe Busie
cnabo 1 He egHOMNOCOYHO BbPXY A00KMBa,
KaTo Hail-gobpu pesynTtatu ce nosyyasart
npu KankoBO HanosiBaHe cpefHo 1222
kg/da wiu Hag WwecT NbTU NO-BUCOK A0-
OUB CMNPSMO HEeMnosvMBHWA BapuaHT. Mpu
rpaBUTa4YHO HamnosiBaHe J0OMBGLT € cpejg-
Ho 1156,2 kg/da, a npy BapmaHTa Hanos-
BaH uype3 AbXayeBaHe, cbuwua e 1087,3
kg/da.

JonbnHutenHuat fobus  Bapupa
cpegHo oT 486 kg/da npu HanosiBaHe
ypes AabxayBaHe p[o 620 kg/da npwu
M3Mosi3BaHe Ha Kankosa MHCTaslauus.

MpoAyKpMBHOCTTa Ha HamnoutesnHara
HopMma e cpegHo 3,7 kg/m® npu rpaBuTauHo
HanoseaHe, 3,9 kg/m® npn kankoso u 3,1
kg/m? npu HanosBaHe upes AbX/ayBaHe.

CONCLUSIONS

In non-irrigated conditions, yields of
beans are on average 601 kg/da, ranging
from 319.1 kg/da to 743.0 kg/da.

The irrigation mode affects poorly
and not unidirectional on yield, with the
best results being obtained on drip
irrigation on an average of 1222 kg/da or
over six times higher than the non-
irrigated variant. For gravity irrigation, the
yield averaged 1156.2 kg/da, and in the
irrigation variant, the same was 1087.3
kg/da.

Additional yield ranges from 486
kg/da on irrigation irrigation to 620 kg/da
using a drip plant.

The productivity of the irrigation
rate is on average 3.7 kg/m3 for gravity
irrigation, 3.9 kg/m3 for drip and 3.1 kg/m3
for sprinkler irrigation.
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Seed germination of lentil (Lens culinaris)
after green laser illumination
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PE3IOME

M3cneaBaHe Ha BAUSIHMETO Ha na-
3epHaTa CBeT/IMHa 3a pacTuTesiHa cTuMyna-
uns 6bP30 HapacTBa npe3 nocsegHoTo ge-
cetTunetue. JlazepHata CBET/IMHA Ce OT/N-
YyaBa C BMCOKa CTEMNEH Ha NPOCTPaHCTBEHA U
BpeMeBa Cbl/lacyBaHOCT M BUCOKA MOHO-
XPOMAaTUYHOCT, M3BECTEH € Cbllo GakTepu-
ungHua  edbekt Ha  yATpaBuoneToBaTa
CBET/IMHa.

MpoyyeHo e BNNSIHNETO Ha 06/bYBa-
He CbC 3e/leHa NasepHa CBEeT/IMHa BbPXY
Kb/IHSEMOCTTa Ha CeMeHa OT fewa copT
Hacnapa (Lens culinaris). W3cnegsaHa e
Kb/IHSIEMOCTTa Ha 6 eKkcnepumeHTaslHM Ba-
pvaHTa CemeHa, CbOTBETHO C MPOABLIIKK-
Te/IHOCT Ha o6n1buBaHeTo oT 3, 6, 9, 12 n 15
CeKyHAM W KOHTPOMEH BapuaHT — 6e3
o6nbyBaHe. OTyeTeHM ca paCTEXHUTE
XapaKTePUCTUKMN Ha NOHMKHa/IUTE CEMEeHa —
Ob/KMHA Ha netopacta M KopeHa efHa
cegMuua cnep tpetupaHeTto. OTYyeTeHM ca
CTATUCTMYECKN AO0Ka3aHW pas/iMuna Mexay
BapuaHTUTe C NPOABL/DKUTE/THOCT Ha 06/TbY-
BaHeTo 3 1 15 cekyHan CnpsiMO KOHTPOJIHUS
BapuaHT Mo gBaTa Npoy4BaHu Npu3Haka.

KnioyoBn paymu: 3eneH nasep,
Lens culinaris, Kb/IHAEMOCT,
cTaTucTMyecka oLeHKa

SUMMARY

The investigation of the effect of
laser light for plant stimulation is quickly
growing during the last decade. The laser
light has a high degree of spatial and
temporal coherence and it is
monochromatic. The bactericidal effect of
UV light is also known.

The influence of green laser light on
the germination of seeds of lentil cv
Naslada (Lens culinaris) was investigated.
The germination of 6 experimental
variants of lentil seeds was investigated,
having respectively duration of exposure
of 3, 6, 9, 12 and 15 seconds, and a
control variant — without illumination. One
week after treatment the following plant
growth characteristics were evaluated: the
length of the shoot and the length of the
root of the seedlings. Statistically
significant differences were reported
between the variants with 3 and 15
seconds laser exposure and the control
for both of the studied traits.

Key words: green laser, Lens
culinaris, germination, statistical
evaluation
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YBO/[,

Cnen cb3gaBaHeTO Ha Nnasepa
npe3 1960 roguHa 3anoysBar ga ce npo-
BeXaart mscnefBaHns Ha Bb3MOXHOCTUTE
3a NpuoXKeHWe Ha nasepa 3a npenceuvT-
6eHa CTMMynaums Ha ceMeHa OT pas/iyHu
Kyntypu. O606LLeHNe Ha Te3n MbpBU WU3-
cnegBaHusa e HanpaseHo OT Inyushin et al.
(1981), kakto 1 ot Dencheva et al. (1984).

N3cnepsaHe Ha BAMAHMETO Ha na-
3epHaTa CBeT/IMHA 3a pacTuTesiHa CTUMy”na-
usa 6bpP30 HapacTBa npe3 nocnegHoTo
pecetnnetue (Burnichi et al., 2011; Khalifa
and Ghandoor, 2011; Behzadi et al., 2012;
Krawiec et al., 2015; Podles$na et al., 2015).
NaszepHaTta cBeTNMHa ce OT/IMYaBa C BUCOKa
CTeNeH Ha MpPOCTPaHCTBEHA U BPEMEBA Cb-
rnacyBaHOCT M BMCOKA MOHOXPOMATUYHOCT.
EdekTbT Ha nasepHata CBeT/IMHA 3aBUCK
OT Ab/DKMHATA Ha Bb/iHATa, MOLHOCTTAa Ha
nasepa u BpeMeTo Ha 06/1buBaHe. Bapupa-
HeTO Ha Te3u Tpu napameTbpa OTKpMBA LUK-
pOK XOPW3OHT 3a u3cnegoBartesicka paboTa
3a HamMuMpaHeTo Ha Hai-eheKkTUBHUTE UM
KOMOMHaLMK 3a BUOCTUMYNALMSI HA CEMEHa,
pascag W HacaxpgeHus. Hali-MHTeH3MBHO
uscneABaHO € B/MSIHUETO Ha YepBeHaTa
nasepHa cBeT/IMHa 3a 6uocTumynaums Ha
CeMeHa W pacTeHusi, a Hail-cnabo uscneg-
BaHO € BAMAHWMETO Ha 3efneHaTa fnasepHa
CBET/NMNHA.

Llenta Ha npoyuBaHeTo e pa ce
npocnean BANSHUETO Ha 3e/leHus nasep
C onpefeneHa Ob/HKUHA Ha BbAHaATa "
MoOWHOCT A =535 nmuP =1 mW/cm? )
BbPXY Kb/IHAEMOCTTa Ha CeEMeHa OT fnella
copt Hacnapga.

MATEPWNAN N METO4WA

B HayuyHaTa nabopartopus Ha
Kategpa ,Matemartuka, WHopmatuka wu
usmnka“ npu  ArpapeH YHuBepcuTeT
Mnosaue, € Npoy4yeHO BNUAHUETO Ha 06-
NbyYBaHe CbC 3e/1eHa NasepHa CBET/IMHAa
BbPXY Kb/IHAEMOCTTa Ha CEMEHA OT Nnella
copt Hacnaga.

O6nbyBaHETO Ha cemeHata e
N3BBbPLLUEHO CbC 3€e/1eH MOYNPOBOAHMKOB
nasep, paboTtely, B HEMPEKbCHAT PEeXum
(durypa 1). JlazepHata cBeT/MHa € C

INTRODUCTION

The research investigation into the
possibilities of applying the laser for pre-
sowing stimulation of seeds from different
cultures began in 1960, after the creation
of the laser. A summary of these first
studies is made by Inyushin et al. (1981),
and by Dencheva et al. (1984).

Exploration of the impact of laser
light on plant stimulation has increased
rapidly over the last decade (Burnichi et
al., 2011; Khalifa and Ghandoor, 2011,
Behzadi et al., 2012; Krawiec et al., 2015;
Podlesna et al., 2015). The laser light has
a high degree of spatial and temporal
coherence and high monochromaticity.
The effect of laser light treatment depends
on wavelength, laser power, and
irradiation time. The variation of these
three parameters opens up a broad
research horizon for finding the most
effective combinations for biostimulation
of seeds, seedlings and plantings. The
most intensive  investigations  were
performed on the effect of red laser light
for biostimulation of seeds and plants, and
the effect of green laser light has been
studied less intensively.

The aim of the study is to
investigate the influence of the green
laser having defined wavelength and
power (A =535nmand P =1 mW/cmz) on
the germination of lentil (Lens culinaris)
seeds cv Naslada.

MATERIAL AND METHODS

In the research laboratory of the
Department of Mathematics, Informatics
and Physics at the Agricultural University
of Plovdiv, the effect of green light laser
illumination on the germination of lentil
seeds, cv Naslada, was investigated.

The irradiation of the seeds was
done using a green semiconductor laser
operating in continuous mode (Figure 1).
The laser light has a wavelength A = 535
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Ob/KMHA Ha BbNHata A = 535 nm wu
MoLHocT P = 1 mW/cm?. M3cneagBsaHa e
Kb/IHAEMOCTTa Ha CceMeHaTa Ha LWecT
BapuaHTa, CbOTBETHO C NPOLBL/HKUTENHOCT
Ha ob6nbuBaHeTo OT 3, 6, 9, 12 n 15 cekyHan
W KOHTPO/IEH BapuaHT — 6e3 ob/1buBaHe.

3a Bceku BapuaHT ca mnsnonssaHu 10
cemeHa OT newa copTt Hacnaga, npegsa-
pUTesIHO HakMcHaTK 3a efjMH Yac BbB BOJa.
OnuTbT € MOBTOPEeH TpuM MbTW, KaTto B
obpaboTkaTa ca M3non3BaHu OCpefHeHuTe
CTOMHOCTU Ha [Ba pacTexHu nokasarens:
Ob/DKMHA Ha npopacTbuuTe (neTopacti) u
KOpPEHUTE OT BCUYKN BapPUaHTU.

nm and power P = 1 mW/cm®. The seed
germination was studied in six variants,
with duration of irradiation of 3, 6, 9, 12
and 15 seconds respectively, and a
control variant — without any irradiation.

For each variant, 10 seeds of the
lentil cv Naslada, have been pre-soaked
for one hour in water. The experiment is
repeated three times, using the average
values of two growth indicators: the length
of the shoots and the roots to evaluate the
effect of all variants.

Nazep

NazepeH NbY

-

CeMe newa

||
®ur. 1. Cxema Ha onuTHaTa NOCTaHOBKa, NOKa3Ballla HauMHa Ha 061 bYBaHe Ha
ceMeHaTa OT feula c flasep c | =535 nm (B kapeTara: f1asep, /Ja3epeH by, ceme

newa)

Fig. 1. The schematic diagram of the experimental set up, showed the laser
treatment of lentil seeds with | =535 nm (in squares: laser, laser beam, lentil

seeds)

MartemaTtnyeckata o06paboTka e
m3BbpweHa ¢ Excel n e npunoxeH
napameTpuyHua KpuTepuii Ha Student
npv U3NON3BaHO CpaBHEHWE Ha Npobu c
efiHakBu aucnepcun (t-Test).

PE3YJITATU N OBCBXXOJAHE
Pesyntatute oT npoBefeHUTE eKc-
nepuMeHTn ca npegcraBeHn Ha durypa 2
n B Tabnmua 1. Cegmuua cneg obnvysa-

The mathematical processing was
done with Excel and the Student
parametric criterion was applied to the t-
Test comparison used: two-sample
assuming equal variances.

RESULTS AND DISCUSSION
The results of the experiments are
presented in Figure 2 and Table 1. The
differences between the different variants
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HEeTO Ha cemeHaTa OT newa Ha Purypa 2
ce OTKposiBaT pasnnuusata Mexay otaes-
HUTEe BapwaHTu. Mpu NPOLBLAKUTENHOCT
Ha TpeTupaHeTo OT 3 M 15 cekyHau ce
Habnogasar Han-gobpe pasBuUTN NOHULU
N KOPEHW.

are highlighted a week after irradiation of
the lentil seeds (Figure 2). The best
developed shoots and roots are observed
for treatment duration of 3 and 15

seconds.

®ur. 2. CemeHa Lens culinaris copT Hacnaga, TpetupaHu cbC 3eneH nasep ¢
| =535 nm ¢ mowHocT P =1 mwW/cm?, cegem geHa cnefd o6nbyBaHeETO
Fig. 2. Effect of green lazer treatment | =535 nm and P = 1 mW/cm? of lentil seeds

cv Naslada, seven days after irradiation

BapuaHtTute ca C pasnuuyHa npoab/mxkutenHoct 3, 6°, 9, 12 u 15 cekyHaun. Hail-no6pe
0hOpMEHM ca iMcTaTta 1 KOpeHuTe Ha HabngaBaHNTe BapuaHTy, TpeTupandmn 3 n 15 cekyHau.
The variants are different treatment duration 3’, 6 ', 9', 12 'and 15' seconds. The best formed
leaves and roots were observed at the 3™ and 15" seconds treated variants.

ObmkuHaTa Ha netopactute (NOHU-
LMTE) M KOpeHWTe 3a LuecTTe BapuaHTa ca
npeacrtaseHy B Tabnuua 1. CnpsamMo HeTpe-
TUpaHVsa BapuaHT ca N34ncneHn pasnukuTte
3a HabnwogasaHuTe npusHaun u onpege-
NIEeHO HMBOTO Ha 3HAYMMOCT Ypes KpUTepus
Ha Student (t).

Cratuctnyeckn gokasaHu pas/ivku
ca ycTaHOBEeHW npu TpeTupaHe 3 cekyHan
CMNPAMO KOHTpoONara 3a AsaTa npoyysaHu
npusHaka npu BepodatHocT p = 0,1%. C
yBenuyaBaHe npoAb/IKUTENHOCTTA Ha
TpetnpaHeTo oT 6 A0 12 cekyHOou He ce
HabnwgaBa CbLECTBEHO WU3MEHEHWe B
Kb/IHAEMOCTTa Ha CceMeHaTa OT feua
CMpAMO He TpeTupaHaTa KoHTpona.

The length of shoots and roots for
the six variants are presented in Table 1.
The differences for the observed and the
level of significance were determined by
the Student (t) criterion against the
untreated variant.

Statistically proven differences were
found for the treatment with duration of 3
seconds versus the control sample for the
two investigateded growth characteristics at
a probability of p = 0.1%. With an increase
of the treatment duration from 6 to 12
seconds, there was no significant change
observed in the germination of the lentil
seeds in comparison with the non-treated
control sample.
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Ta6nuua 1. BnmsHne Ha 06N1bYBaHETO CbC 3e/leH flalep (Ab/HKMHA Ha Bb/iHaTa
| =535nmM 1 MOLWHOCT P=1mW/cm?) BbpXYy Kb/HSEMOCTTa Ha cemMeHa OT Lens

culinaris copT Hacnaga

Table 1. Influence of green laser irradiation (wave of length | = 535nm and power
lemW/cmz) into seed germination of Lens culinaris cv Naslada

BapuaHTtu [bmxmHa Ha netopacta (mm) [bmxmHa Ha kopeHa (mm)
Variants Length of shoots (mm) Length of roots (mm)
X D* [ HvBo Ha X D t HwnBo Ha
3HauMMocT 3HauMMocT
Significance Significance
level level
1. KoHTpona 28,6 - 7,9 -
(HeTpeTupaHu cemeHa)
Control
(untreated seeds)
2. BapuaHt 3’ cekyHam 69,1 40,5 6,73 +++ 247 16,8 55 +++
Variant 3’ seconds
3. BapuaHt 6’ cekyHam 26,9 -1,7 0,24 ns 8,8 0,9 0,43 ns
Variant 6’ seconds
4. BapuaHT 9’ cekyHau 15,4 -13,2 1,9 ns 57 -2,2 1,76 ns
Variant 9’ seconds
5. BapuaHt 12’ cekyHgn 27,6 1 0,15 ns 8,3 0,4 0,29 ns
Variant 12’ seconds
6. BapuaHt 15’ cekyHgn 50,4 21,8 34 ++ 21 13,1 7,1 +++

Variant 15’ seconds

NereHpa
* D — pasnvka Mexay BapuaHT 1 KOHTpona

** t — Kputepuii Ha Student, ekcnepumeHTanHa ctoiiHocT/ experimental value of criterion of Student

Fg =18 cTeneH Ha cBO60OAa

Tab/IMYHM 3HAYEHUs Ha KpUTepus Ha Student

t rasn NPV BEPOATHOCT p=19,= 2,878

t ra6n MPU BEPOATHOCT p=0.1= 3.922

Legend

* D — difference between variant and control

** t — Experimental value of criterion of Student
Fg =18 degree of freedom

Theoretical values of criterion of Student at probability p=1% and p=0,1%

Mpn BapmaHT 15 cekyHAn ce nos-
Taps pe3ynTarbT OT BapuaHT 3 CeKyHAM.
OTHOBO Ca OTYETEHU CbLLECTBEHN pa3/iun-
yMa No ABaTa pacTeXHW MpusHaka, Karo
3a fAb/kvHata Ha Jetopacta  [0CTO-
BEPHOCTTa Ha pasfvkKara CrnpsiMo KOH-
Tposa e npu BepoATHOCT p=1%.

MocTaHoBKaTa Ha onuTa npegnonara
afleKBaTHO MNpU/IOKEHWE Ha napameTpuy-
HWUS CTATUCTUYECKM KpuTepuia (t) 3a oueHka
Ha CcpaBHABaHWTE BapuaHTW CMpSAMO He
TpeTupaH TakbB. [onyyeHute pesyntatu ot
n3cnefBaHeTo ca KOMMETEHTHO MHTepnpe-
TUpaHW, KOeTo [EeMOHCTpMpa YyHuBepcal-
HOCTTa Ha KpuTepus Ha Student.

YcTaHOBEHO e, Ye npejsapuTesHo-
TO 06/M1bYBaHE Ha CeMeHa OoT fewa copT
Hacnapa cbc 3eneHa nasepHa CBeT/IMHA C

The result for the variant of 15
seconds green laser illumination repeats
the result for the 3-seconds illumination.
Significant differences between the two
growth parameters were again noted, with
the probability p = 1% for the length of the
shoots.

The experimental set-up implies an
adequate application of the parametric
statistical criterion (t) for the comparison
of the evaluated variants with the control
untreated sample. The results of the
survey are competently interpreted,
demonstrating the universality of the
Student criterion.

It was found that pre-irradiation of
lentil seeds cv Naslada with green laser

light, wavelength A = 535 nm and power
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Ob/KMHA Ha BbaHata A=535 nm 1 ¢ mouy-
HocT P = 1 mW/cm? yBennum KbaHSEMOCT-
Ta W Ab/KMHATA Ha OCHOBHUA KOpeH Ha
[ABa OT uscnegBaHuTe BapuaHtu. OTyeTeHN
ca CTaTUCTMYEeCKN [okas3aHu pas/imyua
MeXay BapuaHTuTe ¢ NPOLbIKUTENHOCT Ha
o6nbuBaHeTo 3 M 15 cekyHOM CnpsiMo
KOHTPO/IHUS BapuvaHT No ABaTa npoyysaHu
npu3Haka.

n3BOAU

O6nbUYBaHETO C flasep Ha cemeHa
OT pasNINYHK KYNTYpuU C Lien nosuliaBaHe
Kb/IHEMOCTTa € ob6LonpreT arporex-
HUYeCKM cnocob, 0Cob6eHO nNpu Gronpous-
BOAUTENNTE, KbAETO € CTPOro pernameH-
TUpaH nogbopa Ha XMMUYecK/ npenapaTtu.

OT npoBefeHWs1 eKCNeprMEHT CbC
cemeHa OT fella copT Hacnaga moxe fa ce
0606LWWK, Ye Npu ABa OT NPUIOXKEHUTE Ba-
prvaHTu (C NPOABL/HKMTE/IHOCT Ha 06/1bYBa-
HeTo 3 1 15 cekyHAM) CbLLECTBEHO Ce MNOBU-
WaBa Ab/HKMHATA Ha NOHULMTE (neTopacTtu-
T€) U KOpeHuTe CcrnpsamMo HeobnbyeHute ce-
MeHa. MofoXUTENHUAT edhekT OT NpUoxe-
HOTO TpeTupaHe CbC 3eM1eH nasep npu Abi-
XWHa Ha BbaHata A = 535 nm 1 MOLHOCT
Ha nasepa P = 1mW/cm® ce Habniopasa
cegmuLa crej, NpoBexaaHe Ha onuTa.

MpunaraHeto Ha TO3KM arpodu-
3M4eckn MeToj, B NPON3BOACTBEHMN YC/IOBUS
He u3uckBa 3HauuTenHa uHaHcoBa UHBEC-
TULKMS, HO NO3BOJISIBA CbLECTBEHO MOBULLA-
BaHe Ha Kb/IHAEMOCTTa Ha CcemeHara,
€[HOBPEMEHHO MOHMKBAHE Ha 3aceTuTe
cemMeHa B MoceBa M NO-HATATbLUHOTO UM
CVHXPOHHO pa3BuTre. ToBa OT CBOS CTpaHa
6y [oBeno Aa nosBuvlwasBaHe NPOAYKTUB-
HOCTTa Ha KynTypata W pecrnekTMBHO
HeliHaTa peHTabu/THOCT.

O6n1bYBAaHETO Ha CeMeHa Ha cefl-
CKOCTOMAaHCKN NPOAYKTU C na3epHa CBETNu-
Ha € Maska MoWHoCcT e 6e3BpefHo 3a
pacTeHusiTa ¥ 3aToBa TO3U (HU3NYECKU
MeTOo/, No3B0MsABa MNoBuMLIaBaHe Ha J0OMBK-
Te npu oTrnexaaHeTo Ha Lens culinaris 6e3
U3MNon3BaHe Ha XMMMYeckn meTtoau. Toswu
arpousmyeckm MeTof € MHOTo MOAXOAsL,
3a buonpounssBoanTenuTe, KOUTO XenasaT aa
YCKOPAT Kb/THAEMOCTTa Ha CeMeHa oT fella
no 6e3BpeseH HauvH.

P = 1 mW/cm?, increased the germination
and the length of the root of two of the
examined variants. Statistical differences
between the variants with irradiation
duration of 3 and 15 seconds, compared
to the control, of the two investigated
traits were reported.

CONCLUSIONS

The laser irradiation of seeds from
different crops to increase germination is
a commonly used agro-technical tool,
especially in bio-producers, where the
selection of chemical preparations is
strictly regulated.

Based on the experiment done with
the lentil cv Naslada, it can be concluded
that for two of the applied variants
(irradiation duration 3 and 15 seconds)
the length of the shoots and the roots are
significantly increased in comparison with
the non-irradiated seeds. The positive
effect of the applied laser treatment at
wavelength A = 535 nm and laser power
P = 1 mW/cm?® was observed a week after
the irradiation.

The application of this agrophysical
method in production conditions does not
require a significant financial investment,
but allows for a significant increase of
seed germination, simultaneous
germination of sowing seeds and their
further synchronous development. This in
turn would lead to an increase in the
culture productivity and respectively, its
profitability.

The irradiation of seeds of
agricultural products with low-energy laser
light is harmless to the plants and
therefore this physical method allows for
increased yields in the cultivation of Lens
culinaris cultivars without the use of
chemical methods. This agrophysical
method is very suitable for bio-producers
who want to speed the germination of
lentil seeds in a harmless way.
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