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lopmrent and efficiency of the use of nulients in
production, oswel as the besl CK:hCBSI'Iﬂ'IEW opplication (Fogeria et ol., 2008). The ferilizer industry's goal
and challenge is to iImprove nu'rriem efficiency, with a focus on ugncuhura and directions for econamic
justification and envronmental protection {Roberts, 2008). The following are the most common methods for
measuring nutient use afficiency: pmh::l actor efficiency, apparent efficiency, physi e%glcd efficiancy,
and agrenomic efficiency. The Increase in yield per unit orea (kg) os o resull of appied nutrients (ka) is
reterred fo as agronomic efficiency (AE) (Moser ef al., 2004, Dobemann, 2007). The fechnical efficiency
fechnique, determinaling with dola envelopment analysis, was uwsed in the research to detemmine the
efficiency of the used tarfiizer alements, which represents a significant contribution of this research in ferms
of the rationadl use of mineral ferdilizers, When there are mulliple inputs and cutputs, efficiency measurement
focuses on generating an efficient hypothetfical number os well os o specified average of efficient units to
allow companson of inefficient units (famell, fieldhouse.. “%2\‘] hoang, v. n., clauddin, m, (2012). The resulfs
of the fechnical efficiency analysis are expressed in percentages as well as on o returm level or scale (s
returns fo scole) set os constant em:[enc?« which octually determines the significance and constancy in
several interactions, most commanly i sums, increasing efficiency, and decreasing efficiency.

AIM OF THE RESEARCH
The aim is fo determine accurate ways to compare m..llhme combinations of N, $ and B in the preduction of ol
seedrape in the Skepie region by using two analyfical methods.

MATERIALS AND METHODS

The setup were conducted in three vegetation years - 2016 - 2018, with two genotypes of oilseed rape:
zonica [vanety) and rohon (hybid], distibuted in 15 variants ond 4 replications: 1: control @; 2 N100; 3: N150;
4: N100+530; 5: N100+ 570; & N150+530; 7: N150+570; 8: M100+530+81; 2: N100+530+B2; 10: N10C+ 570+B1; 11:
MN100+570+B2; 12: M1SCHE30+B1; 13 N150+530+B2; 14: N1S0#STCHB] 1 15: NI150+570+B2, From the fertilzers in
fhe study, ammorium ritrate (NHANO3) (34.4% N), ammaonium suifate ((NH4) 2504) {215 M; 247 5], boron (8%
quid mineral fertilizer) and NPK 5: 15: 30 complex mineral ferliizer were used. To determine the efficiency of
using N, § and B in increasing the yield of the genotypes, the agronomic efficiency [AE) was calculoted
according to the formula: AE = Y- Y@/ Fr [Yf = yield (kg ha-1 | from of variont/freotment, Y yield (kg ha-1) from
confrol, Ft amount of element used in treatment (kg ha-1) Mured, 2009). To confirm the methodalogical
framework and the definition of slements, doses and amounts used, DEA Data Envelopment Analysis was
used os a technique to measure the efficiency of the given doses, comparing values from mulfiple inputs
and outputs. The calculatiors to defemmine the efficiency are set os a ratio between the vorants shown as
inputs {area. sowing rate, doses/hal and fhe outpuls os yields, Excel (M.Office) and PSAW 17 and the Minifab
17 program are usad for the stotisfical evaluation of the partial flows. The efficiency measuremant was
caolculated by Dota Envelopment Analyss (DEA) using the framework data analysis platform.

RESULTS AND DISCUSSION

Agronomic Eficiency

The agronarmic efficiency from fhe values chlained for seed vield with the combined use of N, § and B compared
to the values of the confral in varety Zoica was most pronounced in varants 11, 13 and 15 (285). Individuaty
according to elements, the agronomic efficiency from N-use is Highest in variant 13 with an additional yisld of 744
kg ha-1, from S-use the highest efficiency and vieldincrease of 4762 kg ha-1 was deferined varicnt |1, forwhich
same vanant to detemine the highest efficiency from the use of B [12.6 kg ha-1]. Thao et al, (1993) found that the
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Measurement and analysis of technical efficiency
The expacted research contribution also goes n the direction of determning the efficiency of the use of the,
main mocro-alements (N, PO, KO, §) as wel os o micoelement (B) to determine their affe
(pesitive/regative) on the Prociuction potentiol of ciseed rape - . 5
fhe production areq, the sowing quanfity and the influence of the total doses of the feriizer cg
are faken os basic production inputs and compared to the vield achieved as a result or cutputi
fhe effecfiveness can be determined on the one hand from the seffing of the resecrch e
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Efficiency between production areq, sowing rate and dosages compared to the yields obtained

Inputs . output in-scale

sead rafe iotal wield Efficiency on retun -
Varicints areg m? kafha dosss ha ha efficiency
| @ KOHTROAD 10000 80 320 3.58 100% Canstant
2 NIPK 10000 80 370 3,70 F5% Increcse
3 N:PK 10000 8.0 420 367 8% Increasa
4 MPK + 57 TODOO B0 400 374 92% Increase
5MPK + 5z 10000 B0 440 4,00 3% Increcse
& MaPK + 57 10000 80 450 3,63 B4 Increase
7 MaPK + 3z 10000 80 490 3.95 FO0% Increase
BMNPK + 51+B 10000 B0 401 4.0% 100% Constant
¥ MNIPK + 51+ By 10000 80 402 3,67 0% Increase
10 MiPE+ S+ Bt 10000 BO 441 393 IR Incraase
T MPES S5+B; 10000 20 442 4,23 PEE Increase
12 NP K+ S48y 10000 B0 45| 4,15 Fa% Increcse
13 MaPE+ S1+Ba 10000 BO 452 4.35 100% Canstant
14 MaP K+ SakBy 10000 80 471 398 1% Increase
13 MaP Kk Sort By 10000 80 492 437 100% Constont

Fram the analysis it can be seen thal the control varant Variont 8 (N1PE+51+681), Varont 13 ond
Variant 15 show constant or significont efficacy. Achieving constant efficiency with the lowest realized
wield [output] in the control variant & the result of the lowest opplied ferfilizer quandities (input). While
the constant efficiency of variants 8 (NTPK+51+B1), 13 [N2PE+ S1+B2| and 15 lies in the high vield
{output) achieved comparad to all input combinations. Anclysis of the efficiency of all other variants
in terms of set inputs and realized yield as output show an increase in the efficiency scale and none of
them hos a decrecsed efficiency (Table 2). Framewcrk analysis [DEA| also compares input efficiency
s a goal with autput efficiency as an output geal. The set inputs and the efficiency measured from
them result in the differances in achieving the constant efficiency or the yield achisved os the oufput
target (Table 3).

Differences between the effectivenes of targeted inputs and the effectivenes of vield as an output farget

_ Efficiency of inputs as o target . output
variants areg m? seed rate ka/ha total doses. k';!ﬂ'lcr yield/ha
1 10000 10000 1] BD B0 0.0 3 3z 3.58
2 MIPK 10000 2499 ap 76 D4 ara  3s1 19 3.70
3 PR 10000 8813 1187 80 79 0.9 420 370 50 3.69
4MNPK+5 10000 9158 842 BD 73 0.7 400 365 34 3.74
SMIPE+5: 10000 9326 674 B8O 7.5 0.5 440 410 30 4.00
SMPK+ 5 10000 B3&4 1634 BOD &7 1.3 450 376 74 3.63
7 MPE + 52 10000 9041 759 80 7.2 0.8 490 443 47 3.95
BMIPK+5 10000 80 B0 0.0 401 401 o 4.09
PHNPK+5 10000 B942 1038 BD 7.9 0.9 402 30 42 3.67
10 MiPK + 10000 9152 & 80 7.3 0.7 441 403 38 3.93
11 NPK + 10000 141 8o 79 0.1 442 435 7 4.23
12 MNzPKE + 10000 9551 44% 80 7.4 0.4 431 20 415
13 NPE + 10000 Q 80 80 0.0 452 452 0 4.35
14 NoFK + 10000 9108 892 BD 73 .7 471 447 44 3.98
15 MNP+ 10000 Je0od Q4 80 80 0O 4 4920 4.37

The efficiency for oreo as a targel and yield as o perfmnc:nl:e Icrget Vu'zun? & |N2ZPK+51) shows the

rgest difference at 163¢ m2, so the yield achieved con be smcller crec of (8364 m2).
Other varionts with a high dif'lerenoe are vanants 3 [NEF'K} |:|nd L [NIPK+5'I +32] oron 1187 m2 and 1038
m2 areat is less possible fo realze gﬁe se varants, In lerms of sowing rate efficiency,
the same vanants & (N2PK+ S]‘Js 3 [NEPKI clnd {kNlPK+Sl+32] give the greatest difference in the yield
obfained, or rces of 1 more seed quantity used fo achieve yields. In
variant & (N2PK+51) with 74 kg, \fcﬁcni 3 {NQ‘PK] wrrh 50 kg and vaoriant 7 [N2PK+52) with 47 kg, higher
amounis of ferilzer than the yield actually achieved ware datermi |, with a dear difference oko
being obtained in the variants |4 (N2PK+52+B61) and 9 (NIPK451+B2) 44 kg and 42 kg appied amounts
of mare tofal fertiizer.

CONCLUSION

The analysis of AE in the vcme+y the total amounts of N, 5, and B applied in varant 17 (M100+570+82 172
kg ho-1] gove the hi F agronomic efficiency of 6.80 kg, or for soch kg of ferfilzer used the yield
|ncrec: by 6.80kg (1 170kg). as wel as the f‘aghasiseed ylsld of 4 I?Dkgzhc-l wis determined, while
In hydrid, the fotal amounts of N, §, and B in variant 13 [N150 + 530+B82 182 kg ha -1) gave the hﬁgheﬂ
agronomic efficiency, or for each kg of ferfilizer used, the yield increcsed by 5.82 kg, thus the highest
seed yield of 4 810 icg ha-1 was achieved from this varant in the hybrid, The contral variant, vanant 8
1N IPK+51+B1), vorant 13 and variont 15 have constant or s%rzuﬁcc:rﬂ efficiency, cxr.otdn% fo the,
echnical analysis, While variants 8 ([N1PE+51+81), 13 [N2Pk+ 51+82), and 1 5 have o constant efiicie

in the achieved high yield (oulput) ogoinst of input combinations. The ined efficiency is not th
same in these three varionts, but they do show signmcance inthe a Ermomlc efficiency test for thy
achieved seed yisld. For the efficiency of input lotal doses expresse /ha, a greater numiber g
varants with differences greater than 40 ka/ha of applisd feriizer were usaed to achieve the targets
yield & (N2ZPK+S1 74 kg), variant 3 (N2PK 50 2 vcriclnf 7 [N2PK+52 47 kg, ond variant 14 (N2PK+

44 kg| and 9 [N1PE+51+B2Z 42 kg) quantities of oppled total fertilizers more.
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