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l. lntrodu<:tion 

Thc artide prcscnls thc rcsulls of a 2-ycar field sludy aimcd al asscssing thc chcmical composilion 
o f maize plan ts depending on the depth oftwo-component (N l') minera! fertilizer p la cement in the 
soi! profile, l he lypc o f nilrogcn fcrlilizcr and thc dale o f ils applicalion. W calhcr conditions, main! y 
thermal, in the early maize growing season, had no signitkant etfect on the chemical composition 
of maizc grain. Thc rcscarch showcd lhe noliccable highcsl eonlent o f crudc fiber in maizc grain as 
a result of broadcast application of the fertilizer (O cm), while the lowest for row fertilization at 
depths of 5 cm and 15 cm. The a pplkation o f urea in maize cultivation and the pre-sowing appli
cation o f ni tragen significantly increased the starch eontent in maize grain compared to ammonium 
ni tra te and the top dressing application o f nitrogen fertilizer. 

DOI: https://doi.org/1 0.53502/GZGW7131 
This is an open access artide under the CC BY 4.0 license: 
hllps:f/crcalivccommons.org/liccnscs/by/4.0/dccd.cn. 

Phosphorus is a nutrient playing a fundamental role 
in the early maize developmental stages, as well as grain 
formation and maturation [l, 2, 3, 4]. It stimulates root 
system development, indirectly increasing the plant 
resistance to periodic soil moisture deficiencies. Nu
merous literature reports indicated a large influence 

of soil temperature on phosphorus uptake by maize 
that is limited at temperatures below l2°C [5, 6]. Then, 
the plan ts exhibit elear symptoms of i ts deficiency in 
the form of red discoloration along the edges of the 
leafblades and their subsequent dieback, especially in 
case of water deficiency, and a marked inhibition of 
growth and development [7]. These symptoms occur 
especially in cool spring years, even w hen phosphorus 
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Chemical Composition ofMaize Grain (Zea Mays L) in Relation to the Depth ofFertilizer Application 

Tab. 1. Results of the four-stratum (Y ABC) ANO VA 

Sourceof Degrees of Mean squares 

variabili ty freedom Crudeash Total protein Crude fa t Crude fibre N-free extract 

B l o eks 0.27366 0.09571 2.68755 1.95475 1.0176 

Y 0.00220 0.00431 0.23949 1.90958 0.1131 

Error l 0.00024 0.00048 0.02661 0.21218 0.1160 

A 3 0.00421 0.04630 0.04576 0.05122* 1.2439 

YA 3 0.02347 0.45426** 0.01367 0.09676** 1.0176** 

Error 2 6 0.00623 0.03169 0.02281 0.00793 0.1187 

B 0.00891** 0.00296 0.04126 0.00296 0.1796** 

Y B 0.00844** 0.00650 0.00079 0.01978 0.0062 

A B 3 0.00423* 0.19237** 0.07851 * 0.00501 0.1555** 

Y A B 3 0.00706** 0.14162** 0.07674* 0.00182 0.0803** 

Error 3 8 0.00068 0.01764 0.01065 0.00398 0.0068 

c 0.00499 0.97886"* 0.06858** 0.12382** 1.0430"* 

Y C 0.00591 1.29533** 0.00256 0.07189** 1.6161 ** 

AC 3 0.00219 0.03832 0.03690** 0.04008** 0.0686 

B C 0.00017 0.00000 0.10041** 0.07597** 0.3706* 

Y A C 3 0.00519* 0.12234* 0.11648** 0.06200** 0.5251** 

Y B C 0.00431 0.06793 0.00383 0.01142 0.0523 

A B C 3 0.01099** 0.16748** 0.15144** 0.04032** 0.3545** 

Y A B C 3 0.01168n 0.04898 0.00502 0.05144** 0.1668* 

Error 4 16 0.00138 0.02503 0.00641 0.00684 0.0506 

** - signilkant al p-value < O.OL •- significanl al p-value < 0.05 

Tab. 2. Mean values of the traits for the years and agrotechnical factors 

Years and The levels 
C rude To tal C rude C rude N-free 

factors o f the factors 
ash protein fa t fibr e extract 
[%] [%] [%] [%] [%] 

2015 1.38"' 9.4lns 4.38ns 2.07"' 82.76"' 
Years (Y) 

2016 1.37m 9.39ns 4.51 ns 1.72m 83.02ns 

O cm (broadcast) 1.39'" 9.44n' 4.39n' 1.98" 82.81 n' 

NP fertilizer 5cm 1.35"' 9.37ns 4.47ns 1.86b 82.95ns 

sowing d epth (A) 10 cm 1.38'" 9.34m 4.42m 1.89"b 82.98m 

15 cm 1.36"' 9.45ns 4.51ns 1.85b 82.83n' 

Type o f nitrogen aromoniurn nitrate 1.36b 9.39115 4.42ns l. 89m 82.94" 

fertilizer (B) urea 1.38" 9.41m 4.4r' 1.90'" 82.84b 

Date of nitrogen before sowing 1.38"' 9.28b 4.48" 1.85b 83.02" 
ertilization top dressingin the BBCH 

(C) 15/16 sta e 
1.36'" 9.52" 4.41b 1.94" 82.76b 

Values in columns marked with at least the same letter do not differ significantly; ns - not significant. 
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It was observed (Tab. 1 and 3) that the tested NP 
fertilizer sowing depth (A) and the tested dates of ni
trogen application (C) reacted differentlyto the chang
ing conditions over the study years with respect to the 
total protein, the crude fibre and the N-free extract. 

Greatly the highest mean total protein eontent (9.64%) 
was obtained in 2015 for the depth ofO cm. This mean 
did not differ noticeably from the means obtained in 
the same year for the depths of5 cm and 1 O cm. In turn, 
the highest mean total protein eontent (9.66%) was 
recorded in 2016 for the depth of 15 cm. This mean did 
not differ extensively from the means obtained in the 
same year for the depths of 5 cm and 10 cm. 

Significantly the highest mean crude fibre eontent 
(2.22%) was recorded in 2015 forthedepth ofO cm. This 
mean did not differ significantly from the mean ob
tained in the same year for the depth of l O cm. While 
the lowest means were obtained for all depths in 2016. 

Significantly the highest means N-free extract were 
obtained in 2016 for the depths ofO cm and 10 cm. These 
means did not differ significantly from the means ob
tained in the same year for the depths of 5 cm and 15 cm. 
In turn, significantly the lowest mean N-free extract 
eontent (82.37) was obtained in 2015 for the depth o f 
O cm. This mean did not differ significantly from the 
means obtained in the same year for other depths. 

As far as t he examination of t he total protein eon
tent is concerned, the only significant difference oc
curred in 2015, when top-dressingin the BBCH 15/16 
obtained significantly high er mean to tal protein ( 9.67%) 
than nitrogen application before sowing (9.14%). 

Significantly the highest mean crude fibre eontent 
(2.15%) was recorded in 2015 for top-dressingin the 
BBCH 15/16. While the lowest means were obtained 
for both dates o f nitrogen application in 2016. 

Moreover, significantly t he highest means N- free 
extract were observed in 2016 for both dates of nitro
gen application. These means did not differ signifi
cantly from the mean obtained in 2015 for the top
dressingin the BBCH 15/16. 

It was noticed (Tab. l and 3) that the tested types 
of nitrogen fertilizer (B) reacted differently to the 
changing conditions over the studyyears, but only for 
crude ash eon tent. For the remaining traits, no signif
icant interactions between years (Y) and the type of 
supplementary nitrogen fertilizer (B) were found. 

Significantly the highest mean crude ash eontent 
(1.39%) was observed in 2016 for urea. In tum, signif
icantly the lowest mean crude as h eontent ( 1.34%) 
was observed in the same year for ammonium nitrate. 

Tab. 3. Mean values for the combinations year s (Y) x A factor, years (Y) x B factor and years (Y) x C facto r 

Years (Y) NP fertilizer sowing depth (A) 
Crude ash Total protein Crudefibre N-free extra et 

[%] [%] [%] [%] 

O cm (broadcast) 1.43m 9.64" 2.22" 82.37b 

S cm 1.39115 9.42"b 1.97b 82.80"b 
2015 

9.34"b 2.12"b 82.82"b lO cm 1.36ns 

15 cm 1.33m 9.24b 1.96b 83.06"b 

O cm (broadcast) 1.35ns 9.24b 1.73( 83.25" 

5cm 1.32m 9.33"b 1.76' 83.10"b 
2016 

9.34"b 10 cm 1.40115 1.65' 83.13" 

15 cm 1.40ns 9.66" 1.75' 82.59"b 

Years (Y) Type of nitrogen fertilizer (B) 
Crudeash Total protein Crudefibre N-free extract 

[%] [%] [%] [%] 

aromoniurn nitratc 1.38"b 9.39"' 2.04ns 82.83ns 
201 5 

1.38"b urea 9.42ns 2.09ns 82.70n' 

aromoniurn nitratc 1.34" 9.39"' 1.73ns 83.06ns 
201 6 

urea 1.39" 9.39ns 1.71 ns 82.97"' 

Years (Y) 
Da te of nitrogen fertilization Crudeash Total protein Crudefibre N-free extract 

(C) [%] [%] [%] [%] 

before sowing 1.40m 9.14' 1.99b 83.05" 
201 5 

top dressing in the BBCH 15/16 stage 1.36n' 9.67" 2.15" 82.48b 

before sowing l. 36m 9.41 b 1.71' 82.98" 
201 6 

top dressingin the BBCH 15/16 stage 1.37"' 9.37b 1.73' 83.05" 

Valucs in columns markcd wilh allcas l lhc same lcllcr do no l di!Icr signilkanlly, ns - nol significanl. 
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Chemical Composition ofMaize Grain (Zea Mays L) in Relation to the Depth ofFertilizer Application 

NP fertilizer Date of nitrogen Crude ash Total protein Crudefat Cntdefibre N-free extract 
sowing depth (A) fertilization (C) [%] [%] [%] [%] [%] 

O cm 
before sowing 1.41"' 9.29"' 4.42""( 1.93" 82.96n' 

(broadcast) top dressingin t he BECH 
1.37'" 9.59"' 4.36°' 2.03" 82.66'" 

15/16 sta e 

before sowing 1.35ns 9.20n' 4.52"b 1.87"b 83.07ns 
5cm top dressingin the BECH 

4.42""( 1.86"b 
15/16 sta e 

1.35"' 9.55'" 82.82"' 

before sowing 1.38'" 9.23'" 4.50"b'· 1.87"b 83.02'" 
10 cm top dressingin the BECH 1.90''b 

15/16 sta e 
1.38ns 9.44ns 4.34( 82.94ns 

before sowing 1.38'" 9.39"' 4.48"b' 1.74b 83.02'" 
15 cm top dressingin the BECH 

15/16 sta e 
1.35ns 9.52n' 4.54" 1.96" 82.6Y" 

Type of nitrogen Date o f nitrogen Crude ash Total protein Crudefat Cmdefibre N-free extract 
fertilizer (B) fertilization (C) [%] [%] [%] [%] [%] 

before sowing 1.37'" 9.27"' 4.49" 1.88"b 82.99" 
ammonium 

nitrate top dressingin the BECH 1.35ns 9.52ns 4.35b 1.90"b 82.89"b 
15/16 sta e 

before sowing 1.39"' 9.28"' 4.46" 1.82" 83.04" 
urea top dressingin t he BECH 82.63b 

15/16 sta e 
1.38'" 9.53ns 4.48" 1.98" 

Values in columns marked with at least the same letter do not differ significantly, ns- not significant. 

3.2. Starch and sugar 

The different weather conditions over the study years 
2015-2016 were not reflected in the considered traits 
(Tab. 5-6). 

Irrespective of the study year and other factors (B 
and C), the NP fertilizer sowing depth (A) on the sugar 
eontent proved to be signitkant Significantlythe highest 
mean sugar eontent ( 1.987%) was observed for the depth 
o f l O cm. This mean did not differ significantly from 
the mean (1.976%) obtained for the depth of O cm 
(Tab. 5-6). 

The results in Tab. 5 indicate the significant impact 
of typ e o f supplementary nitrogen fertilizer (B) on the 
star ch eonten t. The highest mean star ch eontent (71.08%) 
was obtained using urea (Tab. 6). 

Re gardless of the year w hen the study was carried 
out and regardless o f t he remaining factors (A and B), 
a significant difference was noted between the means 
o f the studied traits for both dates o f supplementary 
nitrogen fertilization (C) (Tab. 5-6). The highest mean 
starch eontent (71.18%) and the highest mean sugar 
eontent (1.981 %) were recorded for nitrogen applica
tion before sowing. 

Tab. 5. Results o f the four-stratum (YABC) ANOV A 

32 

Source of variabili ty 

Blocks 

Y 

Error l 

A 

YA 

Error 2 

B 

Y B 

A B 

YAB 

Error 3 

Degrees of freedom 
Mean squares 

Star ch Su gar 

l 2.29712 0.039502 

l 36.24793 0.005077 

l 4.02755 0.000564 

3 2.49075 0.001015** 

3 2.46058 0.000605* 

6 0.73562 0.000099 

1 1.27549* 0.000156 

l 0.00914 0.000000 

3 5.15758** 0.001264* 

3 2.36863H 0.000534 

8 0.23860 0.000169 
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Dat e o f nitrogen fertilization (C) NP fertilizer sowing depth (A) 
Star ch Su gar 

[%] [%] 

O cm (broadcast) 71.10" 1.984"b 

5cm 70.99"b 1.978"bc 

10cm 71.21" 1.983''b 
before sowing 

15 cm 71.41" 1.980"b 

O cm (broadcast) 70.79"b 1.968bc 

5cm 69.87b 1.958' 

10cm 71.58" 1.991 '' 
top-dressingin the BBCH 15/16 

15 cm 70.53"" 1.9681
" 

Date of nitrogen fertilization (C) 
Star ch Su gar 

[%] [%] 
Type of nitrogen fertilizer (B) 

before sowing 71.25" 1.982"' 

top-dressing in the BBCH 15/16 70.33b 1.96711> 
ammonium nitrate 

before sowing 71.10" 1.980'" 

top-dressingin the BBCH 15/16 71.06"" 1.975"' 
urea 

Values in columns marked with at least the same letter do not differ significantly, ns- not signitkant 

The results o f the study also showed a significant 
interaction between the NP fertilizer sowing depth (A), 
the type of ni tragen fertilizer (B) and year of research 
(Tab. 5 and 9). During 2015, the impact ofthe combi
nation ofNP fertilizer sowing depth (O cm, 5 cm, 10 cm 
and 15 cm) and type of nitrogen fertilizer (ammonium 
nitrate or urea) on the starch eontent was not signitkan t. 

On the other hand, the year 2016 significantly affected 
the starch eontent The highest means starch eontent 
were obtained using urea at the depths of O cm and 5 cm 
and using runmanirun nitrate at the depth ofO cm. In turn, 
the lowest means starch eontent were obtained using 
ammonium nitrate at the depths of 5 cm and 15 cm 
and using urea at the 5 cm. 

Ta b. 9. Mea n values of the starch for t he combinations years (Y) x A factor x B factor 

Years 
NP fertilizer sowing depth (A) Type of nitrogen fertilizer (B) 

2015 2016 

ammonium nitrate 71.19""': 70.50"b' 
O cm (broadcast) 

71.52"b 70.58"bc urea 

ammonium nitrate 71.96"" 70.17bcd 
S cm 

71.51"b 68.08" urea 

aromoniurn nitrate 71.72"b 70.24bc 
10cm 

urea 72.55" 71.07"bc 

ammonium nitrate 71 .37"b 69.21 "1 

15 cm 
71.69•b 71.61 "" urea 

Values in columns marked with at least the same letter do not differ significantly. 

4. Discussion 

Starch is the basie component of maize grain. In the 
present study, the average stareh eontent for the ex
perimental factors eonstituted 70.93% dry weight. Idikut 
et al. [14] and Podkówka et al. [15] reported similar 
levels, while Li et al. [ 16] and Radosavljević et al. [ 17] 
high er eoneentrations o f starch in maize grain. The anal
ysis ofindividual experimental factors showed that maize 
fertilized with urea was eharaeterized by a significantly 

higher eontent of starchin the grain compared to am
monium nitrate. Application of the entire dose of ni
trogen before sowing was also a signifieant predictor 
of a higher eontent of this eomponent eompared to 
pre-sowing treatment supplemented with top dressing. 
Proteins are the seeond Jargest group of compounds 
present in maize grain [ 18]. Mai ze protein contains 
p rolamines, globulins, albumin and glutelins. Among 
these groups, the most abundant are globulins and pro
lamines. Signifieant quantities of globulins are mainly 
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