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CHEMICAL COMPOSITION AND NUTRITIONAL VALUE OF MAIZE GRAINS FROM
CULTIVARS OF DIFFERENT BREEDING AND SEED COMPANIES

Summary

The study presents the results of field experimamed at assessing the level of yield, chemicalpmsition and nutritive
value of grain of 32 maize cultivars from differéméeding and seed companies. The grain yield ngcaemical composi-
tion, fiber fraction content, grain nutritional ua&, thousand seed weight and grain density wereréed to verify the
adopted assumptions. The highest content of stawtdl, protein, fat and nitrogen-free extract corapds was found in the
cultivars of the following companies: Limagrain,RGSaaten-Union and Maisadour, while the lowestGi®, Maisadour,
Limagrain and IGP, respectively. The energy valtig &g dry weight of maize grain for poultry rangeadm 14.60 (Maisa-
dour) to 15.22 MJ EM (IGP) and statistically sigo#nt differences in the concentration of metabeliergy for poultry
was found only in the grain from these companiascéntration of metabolic energy for pigs rangeshfr1l5.79 (Lima-
grain) to 15.93 MJ (Saaten-Union) and statisticadignificant differences in the concentration oftaelic energy for pigs
were recorded only in the grain from these compant&rains from Saaten-Union had a higher conceigrabdf net lacta-
tion energy than those from Limagrain and Maisad@@nude protein, net energy of lactation, sugahaust nitrogenless

compounds, weight of one thousand seeds (WTS)raimddgnsity influence on differentiation maizeastivars.
Key words maize, grain, cultivars, nutritional value, pripal component analysis

SKLAD CHEMICZNY ORAZ WARTO SC POKARMOWA ZIARNA KUKURYDZY ODMIAN
ROZNYCH FIRM HODOWLANO-NASIENNYCH

Streszczenie

W pracy przedstawiono wyniki batl@aolowych, ktérych celem byta ocena poziomu ploméayasktadu chemicznego oraz
wartasci pokarmowej ziarna 32 odmian kukurydzymgch firm hodowlano-nasiennych. Celem weryfikagyjtych zato-
zen okreslono plon ziarna, sktad chemiczny ziarna, zawartoakcji widkna, wartéé pokarmow ziarna, mas tysica zia-
ren oraz gstas¢ ziarna. Najweksz; zawart@¢ skrobi, biatka og6lnego, tluszczu oraz @kidw bezazotowych wygowych
stwierdzono w odmianach firm: Limagrain, IGP, Samténion oraz Maisadour, natomiast najez; odpowiednio w fir-
mach IGP, Maisadour, Limagrain, IGP. Waftoenergetyczna 1 kg suchej masy ziarna kukurydzgrolaiu wahata si od
14,60 (Maisadour) do 15,22 MJ EM (IGP) i tylko wrmie pochodzcym z tych firm odnotowanozrice istotne statystycz-
nie w koncentracji energii metabolicznej dla drabioncentracja energii metabolicznej diain wahata s¢ od 15,79 (Li-
magrain) do 15,93 MJ (Saaten-Union) i tylko w ziarpochodzcym z tych firm odnotowanozrdice istotne statystycznie
w koncentracji energii metabolicznej diain. Ziarna z firmy Saaten-Union miaty ¥&g; koncentragj energii netto laktacji

niz z firmy Limagrain oraz Maisadour.

Stowa kluczowekukurydza, ziarno, odmiany, wastooctywcza, analiza sktadnikow

1. Introduction

The growing interest in cultivating maize for gram Po-
land is caused by many reasons, including increpsatlic-
tion profitability, with a simultaneous lower priability of
cultivation of other species, grain import limitats and the
parallel increase in domestic demand. In additibis, is fa-
cilitated by the improvement of the organizatioaal eco-
nomic situation of farms, rational mineral fer@ton [21],
the course of weather conditions favorable to mgiglkeling
and the ease of its cultivation [3]. Maize belotgspecies
whose economic importance has increased signifjcamt
recent years [1]. This plant is used for food, feridr as an
energy and industrial raw material [9, 10]. Graifage from
whole plants or cobs (CCM) and green fodder carnstién-
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ergy feed for all animal species, mainly for catited pigs
[5]- Rachids, cob cores, cakes, sprouts or maieel dlistill-

ers grains are also used for feed. Maize is alsongortant
raw material for the agri-food industry. Grain sed for the
production of maize flour, groats, corn ears omling indus-
try and for starch production for the food indusfrigis spe-
cies has also been used in the fermentation atitirtisin-

dustries for the production of consumable alcoimothe en-
ergy industry for biogas production, and in the grapnd
construction industries [10]. The effects of uiilig biologi-
cal progress brought by new cultivars depend ohriglogi-
cal progress, habitat conditions and farmer’s keoge [15].
New, intensive cultivars will not reveal their pradion ca-
pabilities at low level of agrotechnics and lacksg§tematic
seed exchange [20]. It is estimated that the yiekential of
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new varieties is utilized in agricultural practioe approxi-
mately 50-60%. One of the reasons for this is #uok lof a
well-functioning system of knowledge disseminataon ag-
ricultural advisory services in the country.

The research hypothesis assumed that cultivadif-of
ferent breeding and seed companies are characidriza
varied yielding level, chemical composition andritignal
value of the grain. Therefore, the aim of the fielkberi-
ments was to determine the impact of the maizedimge
and seed company on the yielding potential of ait,
chemical composition and nutritional value of thaix.

2. Materials and methods
2.1. Experimental field

The field experiment was carried out in the ye20$6-
2017 on the fields of the farm “Stadnina Koni Iw@p. z o.

2.2. Laboratory assays

Grain samples were ground in a mill (SM 100, Retsc
to a particle size of 1 mm. The content of basitrieats
(crude ash, crude protein, crude fat and crude)fil2, fi-
ber fraction (neutral-detergent fiber, NDF; acidedgent
fiber, ADF and acidic lignin, ADL), sugar [2] andasch
[PN-R-64785] were determined in such fragmented-sam
ples [22]. Nutritional value of grain for cattledgé/en in net
lactation energy (DLG 2001), for poultry in metabodn-
ergy [18] and for pigs in metabolic energy [6].

2.3. Statistical analysis
Firstly, the normality of distribution for studietaits

was tested using the Shapiro-Wilk normality tes®]]1A
one-way analysis of variance (ANOVA) was perfornied

0.”, near Pozna Maize was sown on April 28. The planned verify the hypothesis of a lack of effects of breedn the

plant density was 7.56 pcsimMineral fertilization NPK
was carried out in the following amounts: 100 kd&/80

variability of observed traits. Mean values andhdtad de-
viations of individual traits were calculated forach

kg P,Os/ha, 120 kg KO/ha. The abundance of individual breeder. Least significant differences (LSDs) facletrait
macroelements in the soil before maize sowing waa a were calculated. Homogeneous groups (not signifigan

moderate level and the pH was 5.9. Weeds were altaur
after maize sowing with Lumax 557, 5SE in an amafnt
4.0 I/ha. The study evaluated 32 cultivars of fadaaize
of five breeding and seed companies (Tab. 1). Takand
humid conditions in the growing season were favierétr

the growth and development of maize.

Table 1. List of tested cultivars
Tab. 1. Wykaz badanych odmian

Cultivars Breeding aqd seed FAO
companies
Subito 250
Sudrix 260
Suleyka 220/230
Suprime 220/230
Sucampo 230
Surterra Saaten-Union 240/250
Korynt 230/240
DS. 1615 (Sundra) 220/230
Davos 230
Suvisio 200/210
DS. 1689 (Suveren) 240/250
Codinan 220
Codigip 260
Codibird IGP 250
Skalde 240
30.229 240
32.58 Limagrain 250
31.233 240
Paullen 260
Mas 26B 250
Mas 20F 230
Mas 22R Maisadour 240
DM 2023 230/240
Mas 29T 270
Borgi 230/240
Skolli 230
Rianni 240
Bacari Caussade 250
Herkuli 260/270
Borelli 250/260
Asteri 230/240
Telesto 230

different from each other) for the analyzed travsre de-
termined on the basis of LSDs. The Bonferroni atiioa
was used for multiple testing while performing rplé
comparisons. A one-way ANOVA was performed to werif
the hypothesis of a lack of effects of FAO numbertloe
variability of observed traits. The relationshipsteen ob-
served traits were estimated using Pearson’s etioal co-
efficients [8]. Results were also analysed usindtirariate
methods. The principal component analysis was egpfi
order to present multitrait assessment of simjlasfttested
cultivars in a lower number of dimensions with tleast
possible loss of information [14]. The simple ctation
coefficients between the values of the first twingpal
components and the values of particular origiretsrwere
estimated to evaluation of relative share of eadbir@l
trait in the multi-trait variability of the examidecultivars.
Data analysis was performed using the statistieakpge
GenStat 18.

3. Results and discussion

All studied traits have a normal distribution. Tiesults
of ANOVA indicate that the main effect of breedessisig-
nificant for crude protein, crude fat, net enerdyaetation,
sugar, grain yield and grain density (Tab. 2).@tas the ba-
sic component of maize grain. In the evaluatedivaulk,
starch constituted from 70.67% (IGP) to 72.01% @gnain)
of dry weight, however, there were no statisticaltynificant
differences in the amount of this component betwten
studied breeding and seed companies. Idikut €7hland
Podkowka et al. [12] reported similar, and Li et[al] and
Radosavlje\i et al. [13] higher concentration of starch in the
maize grain. There were statistically significaiffedences in
the concentration of total protein in the grainesfluated
breeding and seed companiesqy®5). Maisadour cultivars
had the lowest concentration of total protein (80),7and
IGP the highest (10.88%) (Tab. 3). Idikut et al, [4 et al.
[11] and Radosavlje¥iet al. [13] reported similar, and Pod-
kéwka et al. [12] found higher content of total fgin in
grain dry weight. The conducted experiment showétgh
negative correlation §9.001) between the concentration of

Source: own work Zrodto: opracowanie wiasne total protein and BNW and sugar (Tab. 4).
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Table 2. Mean squares from one-way (breeder) aisabfs

variancg for observed traits
Tab. 2.Srednie kwadraty z jednoczynnikowej (hodowlanejyported that it was very high (r = -0.9165001). Saaten-
analizy wariancji dla obserwowanych cech

However, no correlation was found between the enpnc
tration of total protein and starch, while Idikutag. [7] re-

Union grains had a higher crude fat content indeyght

than grains from Limagrain §0.05). No statistically sig-

Source of variation Breeder | Residual o . . .
Number of degrees of freedom 2 57 nificant _dlffere_nces were found in the amo_unt aé ttt:om
Crude ash (% DM) 001119 | 0.01958 ponent in grains f_rom other seed companies. Pod_koa?vk
Crude protein (% DM) 4.2863%* | 0541 al. [12] found similar, and Radosavljéwet al. [13] higher
Crude fat (% DM) 0.546* 0.1971 fat content in grain dry weight. The level of tieismponent
Crude fibre (% DM) 0.04805 | 0.06276 in maize grain was negatively correlated with theant of
Exhaust nitrogenless compounds 4.7494% | 09522 nitrogen-free extract compounds (r = -0.6k% £.001)
(% DM) ' ' (Tab. 4). There were no statistically significaiffedences
NDF (% DM) 17648 | 0.7887 in the concentration of crude ash and crude filbethie
ADF (% DM) 0.4051 | 0.1942 grain between the studied breeding and seed coewani
Starch (% DM) 1.319 1.442 Other authors [12, 13] reported a similar contehbath
Sugar (% DM) 0.00137* 0'0030493 components in dry weight of maize grains. The conte#

: - nitrogen-free extract compounds in grain dry weigimged
Motabolls anarsy b 6017595 0009667 rom 80.97 (IGP) to 83.63% (Maisadour). BNW coneant

i 0.000750! tion in the grain from the Maisadour seed comparas w

Net energy of lactation (MJ/kg SM) | 0.0008737 ™", higher than in grain from Caussade, IGP and Sdatéon
Grain in Mass Ears 1.0181 0.5416 (p<0.05). Podkéwka et al. [12] found higher content of
Grain Yield 3.202* 1.054 BNW in dry weight than in our research. The graioni
WTS 1262.8 735.9 IGP and Maisadour had a lower concentration of méut
Grain Density 9.603* 2.841 detergent fiber than from Saaten-Unios@®5). No statis-
* P<0.05; ** P<0.01; ** P<0.001 tically significant differences were found in theaunt of

Source: own work Zrédto:

opracowanie wlasne

this component in grains from other seed companies.

Table 3. Mean values and standard deviations feemed traits classified by breeder
Tab. 3. Wartéci srednie i odchylenia standardowe dla obserwowanyatthov zalénasci od firmy hodowlane;j

Crude ash . Crude fat Crude fibre

Breeder (% DM) Crude protein (% DM) (% DM) (% DM)

Mean s.d. Mean s.d. Mean s.d. Mean s.d.
Caussade 1.48a 0.171 9.82a 0.508 4.47ab 0.4505 2.218.1549
IGP 1.52a 0.1395 10.88a 1.4438 4.58al 0.30P9 2.0pa0.2142
Limagrain 1.47a 0.1273 9.62a 0.2333 4.06b 0.4795 23&. 0.1459
Maisadour 1.42a 0.1274 8.17c 0.3174 4.45ap 0.1576 .33a2 0.1069
Saaten-Union 1.52a 0.1233 9.55a 0.7733 4.87a 0.5313 2.27a 0.3577
LSDy o5 0.17 0.88 0.53 0.3
Breedor Exhaust ”'tgfgrl‘\}le)ss compounds NDF (% DM) ADF (% DM) Starch (% DM)

Mean s.d. Mean s.d. Mean s.d. Mean s.d.
Caussade 82.02bc 0.767 7.68ab| 0.6353 1.71ab 0.5095 0.73a7 1.081
IGP 80.97c 1.6018 7.27b 1.2367 1.84al 0.4789 70.67a0.895
Limagrain 82.62ab 0.5537 7.45ab 0.8703 1.594 0.40[78 72.01a 1.165
Maisadour 83.63a 0.2816 7.33b 1.2491 2.21a 0.1976 1.24@ 1.015
Saaten-Union 81.79bc 1.125 8.42a 0.7328 1.56b 0.4627 71.0Ba 1.42
LSDy o5 1.17 1.06 0.53 1.44

Metabolic energy - poultry Metabolic energy - swing Net energy of lactation

Breeder Sugar (% DM) (MJ/k Sgl\)//I) PO (MJ/kg sﬁ% (MJ/gky SM)

Mean s.d. Mean s.d. Mean s.d. Mear s.d|
Caussade 1.95bc 0.0131 14.90al 0.483 15.87ab 0.09948.29a 0.0275
IGP 1.94c 0.0208 15.22a 0.5486 15.90ap 0.05h6 8.30a0.0126
Limagrain 1.98a 0.0129 15.09ab 0.4857 15.79p 0.0686 8.28a 0.0129
Maisadour 1.97ab 0.0152 14.60b 0.3087 15.87ab B8.048 8.28a 0.0114
Saaten-Union 1.95bc 0.0307 15.09ab 0.3883 15.934 0.1256 8.3la 0360D.
LSDy.05 0.027 0.52 0.12 0.033
Breeder Grain in Mass Ears Grain Yield WTS Grain Density

Mean s.d. Mean s.d. Mean s.d. Mean s.d.
Caussade 87.62ab 0.7274 13.843 1.008 327.0ab 31,06 6.79ah 1.688
IGP 87.11b 0.9687 12.37b 1.357 342.9ab 53.29 77.53a 1.83
Limagrain 87.34ab 0.7087 12.97a 0.949 359.1a 14.96 74.50c 2.189
Maisadour 87.47ab 0.5994 12.29b 0.632 315.8b 16.03 74.56¢ 1.553
Saaten-Union 88.11a 0.7184 13.68a 1.073 338.4ap 17.02 75.15bc 5061.
LSDy.05 0.88 1.23 325 2.02
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Table 4. Correlation coefficients for observedtgrai
Tab. 4. Wspétczynniki korelacji dla obserwowanyebhc

= ,5 o [ 3% = .GE) >c g =]
a £ b 5 7588 - a 23| 2% Ss i 3
i 9 S o % 860 L w S 8 52| o° S | £y | & n
Trait o ° = 3 coa &) a) 8 =} S| & [ J c =
= 3 2 3 X SE z < %) %) ° B o D 58 o= @ =
3) g o 5] £ 8 =g =2 =% £ 9
(3]
Crude protein 0.17
Crude fat 0.04 0.22
Crude fibre -0.2 -0.35* 0.06
Exhaust nitrogenless 023 0.88%* 061 0.09
compounds
NDF -0.02 0.0t 0.0¢ -0.04 -0.0¢
ADF -0.32 -0.21 0.19 -0.07 0.15 0.04
Starch -0.04 -0.25 -0.22 0.07 0.3 -0.52 -0,1
Suga -0.1 0.66*** -0.52* 0.0€ 0.77% -0.37* 0 0.83%
g"oejﬁf’yo"c energy - 012 | 050+ 0.39* | -0.14 057"  -0.38%| -02 0.60%| 0.7
zﬂvﬁtna;’o"c energy - -0.1 0.26 0.93™ | 026 -0.54% 01 | 029 022 -g# | #
Net energy of lactation  -0.36 0.36* 0.83** 0.31 0.67** 0.1 0.18 -0.22 -0.57%* | 0.39* 0.75**
Grain in Mass Ea 0.14 0.24 -0.0t 0.2 0.14 0.22 -0.1 0.2% 0.24 0.04 -0.1¢ -0.0¢
Grain Yield -0.16 0.21 0.09 -0.02 -0.19 0.35 -02 -0.13 -0.2 0.05 0.11 0.2 0.46
WTS 0.13 0.50* -0.2 -0.33 -0.29 -0.02 -0.8 0.18 .0D 0.38* -0.12 -0.1 -0.16] -0.02
Grain Densit -0.14 0.43* 0.1 -0.17 -0.35* 0.0% 0 -0.2 -0.32 0.1% 0.17 0.21 -0.22 -0.0¢ -0.1
* P<0.05; * P<0.01; ** P<0.001
# - correlation coefficient not calculated

Source: own work Zrodto: opracowanie wiasne

Li et al. [11], Radosavljeviet al. [13] and Zilic et al. [23] Table 5. Mean squares from one-way (FAO numberlyana

re-C corded higher concentrations of starch in maiain.
In our study, negative correlations between thecentra-
tion of NDF and starch in the grain were found (1052,
p<0.01), while Li et al. [11] did not find such ap#and-
ence. The grain from Saaten-Union oraz Limagraid &a
lower concentration of acidic detergent fiber thfnom
Maisadour (g0.05). No statistically significant differences
were found in the amount of this component in ggdiom
other breeding and seed companies. In our studycan-
tent of ADF in dry weight was lower than that rejgor by
Li et al. [11], Radosavljeviet al. [13] and Zilic et al. [23].
Radosavljevd et al. [13] showed that the correlation be-
tween the concentration of NDF and ADF was 0.65aasl
statistically significant (§0.05). Such relationship was not
found in our study and the work Li et al. [11]. Tarergy
value of 1 kg dry weight of maize grain for poultanged
from 14.60 (Maisadour) to 15.22 MJ EM (IGP) andista
cally significant differences §#.05) in the concentration of
metabolic energy for poultry were found only in ti&in
from these companies. Podkéwka et al. [12] repdideetr
concentration of metabolic energy for poultry in inea
grain. The energy value of maize for poultry wasrsgly
correlated with the total protein content in theaigr
(r = 0.50, g0.01), BNW (r = 0.57, §0.001) and starch

(r = 0.60; p<0.001). The concentration of metabolic energy

for pigs ranged from 15.79 (Limagrain) to 15.93 MJ
(Saaten-Union) and statistically significant diéfaces
(p<0.05) in the concentration of metabolic energy gas
were found only in the grain from these companié® en-
ergy value of maize for pigs was strongly correlatégth
crude fat in the grain (r = 0.93£0.001), BNW (r = -0.54,
p<0.01) and sugar (r = -0.47<@.01). Grains from Saaten-
Union had a higher concentration of net lactatioergy
than those from Limagrain and Maisadour. No siat#y
significant differences were found in the amounttloif
component in grains from other seed companies. &rhe
ergy value of maize for cattle was strongly cotedawith
crude fat in the grain (r = 0.83gp.001), BNW (r = -0.67,
p<0.001) and sugar (r = -0.57<@.001). The differences
between mean values of all observed traits foresffit
FAO number were not statistically significant (Tal.
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sis of variance for observed traits
Tab. 5.Srednie kwadraty z jednoczynnikowej (liczba FAO)
analizy wariancji dla obserwowanych cech

Source of variation FAO number| Residual
Number of degrees of freedom 12 19
Crude ash (% DM) 0.02743 0.01286
Crude protein (% DM) 1.2253 0.8973
Crude fat (% DM) 0.2963 0.2078
Crude fibre (% DM) 0.05441 0.06494
Exhaust nitrogenless compounds

(% DM) 1.287 1.54
NDF (% DM) 1.1117 0.7902
ADF (% DM) 0.304 0.1693
Starch (% DM) 1.866 1.148
Sugar (% DM) 0.0006444 | 0.0005825
Metabolic energy - swine 0.2854 0.1526
Metabolic energy - poultry 0.013469 | 0.008809
Net energy of lactation (MJ/kg SM) 0.0008438 | 0.0007171
Grain in Mass Ears 0.5194 0.656
Grain Yield 1.724 1.083
WTS 1077.8 630.9
Grain Density 5.383 2.659

206

Source: own work Zrodio: opracowanie wiasne

Individual traits are of different importance ahdve a
different share in the joint multivariate variatighistudy on
the multivariate variation for treatments includgso iden-
tification of the most important traits in the mudtriate
variation of treatments. Principal component anralys a
statistical tool making it possible to solve thilplem [17,
16]. Results of the principal component analysisifives-
tigated cultivars were presented in Fig. 1 and TabTlhe
first two principal components explained jointly.28% of
total variation between cultivars (Tab. 6, Fig. I).the
graph the coordinates of a point of a given treatnaee
values of the first and second principal componeastpec-
tively. The greatest, significant linear relatioipskvith the
first principal component was found for crude pite
ME_p and WTS (negative dependencies) (Tab. 6).sElce
ond principal component was significantly positivebrre-
lated with net energy of lactation and sugar, heavexega-
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tively correlated with crude protein, exhaust rgealess nies. The concentration of metabolic energy fospanged
compounds and grain density (Tab. 6). from 15.79 (Limagrain) to 15.93 MJ (Saaten-Uniomd a

Mas 29T

oPaullen oSudrix  * eSucampo

statistically significant differences in the contration of
" Mas 20Fe metabolic energy for pigs were found only in thaigrfrom

31233 oMas 268 these companies. Grains from Saaten-Union had laehig

32,580,

net concentration of lactation energy than from agmain

S T oSkl and Maisadour. Crude protein, net energy of lammati

Mas 22Re

-47 -2
<oHerkuli Sulevkas oRianni
30.229¢ oBacari "WYY

PC, (0.56%)

+6DM 2023 . ;
Davose DS. 1689 (Suveren) sugar, exhaust nitrogenless compounds, WTS and grai
> o Boreli® Codigip density influence on differentiation of maize oudts.

oTelesto 5. References

oKorynt
DS. 1615 (Sundra)e

Codibirde
oSkalde oSubito odibir [1]
Asterio
Borgie

[2]
©Codinan 52
PC, (98.68%) [3]

Source: own work Zrodto: opracowanie wlasne

Fig. 1. Location of maizeZea maysL.) cultivars in the
space of first two principal components
Rys. 1. Rozmieszczenie odmian kukurydzy (Zea maws L

uktadzie dwoch pierwszych sktadowych gtéwnych (4]
Table 6. Results of discriminatory analysis [5]
Tab. 6. Wyniki analizy dyskryminacyjnej

Trait PC PG

Crude ash (% DM) -0.126 0.034

Crude protein (% DM) -0.500** -0.684* [6]
Crude fat (% DM) 0.197 -0.288

Crude fibre (% DM) 0.331 0.207

NfE (% DM) 0.286 0.648%* (7]
NDF (% DM) 0.019 -0.121

ADF (% DM) 0.345 0.04

Starch (% DM) -0.178 0.401* (8]
Sugar (% DM) 0.012 0.623***

ME_p -0.378* -0.203

ME s 0.121 -0.336 (]
NEL 0.103 -0.399*

Grain in Mass Ears 0.162 0.281

Grain Yield 0.023 -0.021

WTS -1.000*** 0

Grain Density 0.102 -0.927***

* P<0.05; ** P<0.01; *** P<0.001

Source: own work Zrodio: opracowanie wiasne

4., Conclusions
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