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Abstract

To date, no study has reported on the interaction between nitrogen (N) from ammonium bicarbonate and
phosphorus (P) fertilizer in alkaline soils and their effects on the agronomic traits of corn (Zea mays L.).
Therefore, the aim of this research was to investigate the interaction of urea and ammonium bicarbonate
with phosphorus on some agronomical traits of corn plant by simulating band application in pots with
urea, the common nitrogen fertilizer in our country as a comparison. Accordingly, an experiment was
conducted using a factorial arrangement based on a completely randomized design with three
replications under greenhouse condition. The experimental treatments included phosphorus at two levels
(zero and 25 mg per kg of soil) from pure mono-calcium phosphate, and nitrogen at seven levels (zero,
75, 150, and 300 mg per kg) from two sources: urea and ammonium bicarbonate. Phosphorus fertilizer
was placed in solid form in the pot soil 8 cm below the intended seed location before planting.
Immediately after planting, one-third of the nitrogen was applied in solution form 6 cm below the seeds
and about 2 cm above the phosphorus fertilizer. The remaining nitrogen fertilizer was injected into the
pot soil in the same manner 20 and 40 days after planting the corn. After 80 days from planting and
before harvest, leaf chlorophyll index, stem diameter, and plant height were measured. After harvest,
fresh and dry weights of the shoot and roots, as well as root volume, were measured. The results
indicated that increasing applied nitrogen levels enhanced the leaf chlorophyll index; however, this
increase was accompanied by reductions in both fresh and dry weights of the shoot and root, as well as
decreases in the root-to-shoot ratio and stem diameter. At nitrogen levels of 150 and 300 mg per kg of
soil, ammonium bicarbonate treatments resulted in greater shoot dry weight compared to urea; similarly,
at 75 and 150 mg levels, higher root dry weights were observed. The application of phosphorus fertilizer
increased the fresh and dry weights of both shoot and roots, as well as stem diameter.
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Figure 1. Schematic representation of the treatment area in the pots used in this study.
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Table 1. Some characteristics of the soil used in this research.

Texture %Sand %Clay %CaCOs-eq pH* (d%cmfl) QYFC*** %0C
Sandy

loam 71 10 2.6 7.6 1.07 17 0.22

» Saturated extract **Available form ** * Field Capacity
Y Jgos aslol
Table 1. continued

Cu** Zn** Fe** Mn** K** P**
0.1 1.16 15 4.86 182 6
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Table 2. Analysis of variance of mean squares effects of phosphorus and nitrogen on fresh and dry weight of
aerial and root parts and dry weight ratio of roots to shoot.

Source of df  ShootFW  Shoot DW Root FW RootDW oot DW/Shoot
variation DW

p 1 6968.59*  656.09 13716.21% 593.63° 0.105

N 6 703.04% 321,04+ 3159.35+ 142.04% 0.017*

N x P 6 376.59% 70.20°¢ 1240.43+ 47.876% 0.006°*

E 28 103 115 313.28 5.943 0.001

CV (%) ) 6.7 8.03 40.87 16.05 10.76

ns, * and ** denote non-significant, significant at the95 and 99 percent level, respectively

0395 9 ymd (Lol Gl 5l gl (GladS 2 p,5) @0l g (21s sy SUUS 9 5 (359 SRl Ao Y Jgur
Table 3. Comparison of mean weights of fresh and dry matter of shoot and roots (g/pot) of corn plant for the
main effects of phosphorus and nitrogen.

Root DW/Shoot

Factor Levels (mg kg™ Shoot FW Shoot DW Root FW Root DW DW
p 0 138.6° 38.29b 25.245 11.43° 0.296°
25 164.3? 46.19° 61.39° 18.95% 0.396°
0 165.8? 51.52 71.33? 20.03% 0.388%
75U 153.5% 45P 52.5% 16.52° 0.352b¢
150U 136.8° 35 21.830 10.85° 0.309¢
N 300U 137° 32¢ 16.83° 9.73° 0.304¢
75ABC 1582 49,52 69° 21.85% 0.4242
150ABC 1542 44.17% 49.17% 16.77° 0.371%
300ABC 153.3% 38.5¢ 22.5b° 10.57° 0.274¢

- In each column, the means that share at least one common Latin letter do not exhibit a statistically significant difference at
the 5 percent significance level according to the Duncan's multiple range test.
-U and ABC refer to urea and ammonium bicarbonate sources, respectively

mPO mP25 (mg/kg)

200 ~
180 -
160 -
140 -
120 A
100 A
80 A
60 A
40 -
20 -

0 - J k =
0 75Urea 150Urea  300Urea 75ABC 150ABC 300ABC

Shoot fresh wight (g pot™?)

N (mg kg?)

(Sl Sy S (o1 panigal o0idd i ABC)w )5 (lah (ks 55 (139 32 (35955 X yhd Jiliio 1 -1 JSCs
Figure 1. The interaction effect of phosphorus x nitrogen on the fresh weight of the corn shoot (ABC refer to
ammonium bicarbonate)
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Figure 2. The interactive effect of applied phosphorus x nitrogen on the dry weight of the corn shoot (ABC refer
to ammonium bicarbonate)
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Figure 3. The interactive effects of phosphorus x nitrogen on fresh root weight of corn (ABC refer to ammonium
bicarbonate)
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bicarbonate)
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Table 4. Analysis of variance for the mean squares of the effects of phosphorus and nitrogen on leaf chlorophyll
index, stem diameter, plant height, and root volume.

Source of variation df Chlorophyll index  Stem diameter Plant height Root volume
P 1 0.081" 0.196™ 1.67™ 15467

N 6 6.887" 0.018™ 207.579™ 4502™

N x P 6 0.241™ 0.01* 76.722™ 1736™

E 28 0.241 0.0048 50.714 285
%CV 10.62 4.54 5.61 27.76

ns, * and ** are nonsignificant, significant at the 5 percent level, and significant at the 1 percent level, respectively Significant at 1%

probability level
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Table 5. Comparison of Mean Values of Leaf Chlorophyll Index, Stem Diameter, Plant Height, and Root
Volume for the Main Effects of Phosphorus and Nitrogen

Factor Level (mg kg?) Chlor(%pl)DrR/IIDl)mdex Stem(grls;neter PIan(i rr;]e)lght Roo(tc\r/;)al)ume
p 0 4.664° 1.263° 126.81° 41°
25 4.576° 1.400° 127.14* 80?
0 2.458¢ 1.4132 120.83% 972
75U 4.123° 1.31%® 131.67¢ 71
150U 5.018% 1.260° 117.5 37
N 300U 5.667° 1.273® 129.5%® 28¢
75ABC 4.685" 1.375%® 129.83% 89
150ABC 5.033%® 1.360% 126.00% 650¢
300ABC 5.353% 1.327%® 133.50° 36%

U and ABC refer to urea and ammonium bicarbonate sources, respectively. Numbers followed by the same letter are not
significantly different (p<0.05)
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Figure 6. The interaction effect of phosphorus x nitrogen on the total chlorophyll Index (ABC refer to ammonium
bicarbonate)
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Figure 7. The interactive effect of phosphorus x nitrogen on Stem diameter of corn (ABC refer to ammonium
bicarbonate)
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Figure 8. The interaction effect of nitrogen x phosphorus on root volume (ABC refer to ammonium bicarbonate)
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