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ABSTRACT

In order to evaluate the effect of plant growth stimulants and levels of chemical fertilizer on yield and
yield components of corn, a factorial field experiment was conducted based on randomized complete
block design with three replications and 21 treatments at research field of Soil and Water Research
Institute (SWRI), Karaj, Iran, during 2019. The studied factors included different levels of fertilizer
(application of 100% fertilizer required by the plant, application of 75% fertilizer required by the plant,
and no fertilizer (control)) and different growth stimulants (foliar application of amino acid, seaweed and
fulvic acid, humic acid fertigation, humic acid fertigation + foliar application of seaweed + amino acid,
and no growth stimulants (control)). The results showed that the highest straw and biological yields were
obtained from 75% fertilizer application with seaweed foliar application treatment, so that they were
10.33% and 11.85% more than the control, respectively. Also, 100% application of chemical fertilizer and
humic acid fertigation, 100% chemical fertilizer application with combination of humic acid fertigation +
seaweed foliar + amino acid foliar, and 75% chemical fertilizer application with seaweed foliar
application treatments, produced 27%. 57%, 24.60%, and 23.83% grain yield higher than the control.
According to the results of this experiment, not only seaweed application improved the yield, but also
reduced the use of chemical fertilizers required by 25% without reducing the yield of the plant. Therefore,
seaweed foliar application is recommended.

Keywords: Amino acids, foliar application, folic acid, humic acid, seaweed.
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Table 2. Field soil physicochemical properties.

EC

Clay Silt Sand soil H (ds m N P K Cu B Fe Organic Zn Mn
%) %) (%) texwure P 1 (%) (mgkg') (mgkg') (mgkg!) (mgkg') (mgkg') matter (%) (mgkg') (mgkg?)
26 42 32 Icc:zym 781 116  0.06 56 221 132 08 47 177 0.36 174
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Table 2. Variance analysis (Mean Squares) of some morphological traits of corn affected by the fertilizer
and growth stimulants.

Mean Squares

S.0.v d.f Height gorn cob Ear diameter Ear length Number of N_umber of
iameter rows per ear grains per row
Block 2 36.99 1.89 4.34 2.35 0.23 1.97
Growth stimulants (G) 6 81.46 7.30%* 7.29%* 2.26 1.25 21.91*%*
Fertilizer (F) 2 5034** 244** 4,51 2.95 1.69 21.41*%*
GF 12 153.5%* 30.15** 15.59** 0.90 1.57 16.18**
Error 40 35.22 1.53 1.91 1.18 1.28 3.80
C.V (%) 2.81 5.84 3.33 5.56 6.10 5.44

oy o Jleis o o s g FF
**: Significant at 1% of probability level.
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Tables 3. Effect of the different fertilizer levels and growth stimulants (G) treatments on some
morphological traits of corn.

Treatments Height Corn Cob diameter ear diameter Number of grains per row
(cm) (mm) (mm)

Gl 195.5+4.8 17.1+0.6" 40.2+0.8%9 35.2+0.4%F
5 G2 189.9+3.4' 18.3+0.3%" 39.7+0.5% 33.7+0.4°"
= G3 190.4+1.6' 19.0+1.0%" 41.0+0.4°f 34.7+1.2%9
s G4 198.9+3.0" 19.6+0.3%9 42.0+1.9°¢ 31.8+0.19"
S G5 200.8+2.9™ 16.0+0.6' 43.7+0.7* 37.6+0.4™¢
S G6 195.9+2 44 17.740.39%" 43.3+1.0% 37.6+0.4%¢

G7 189.9+1.1' 18.7+1.5% 40.2+0.1%9 35.2+1.3¢F

G1 213.7+2.8°" 18.340.99" 43.1+0.6™ 35.3+0.0%
E G2 205.1+4.2Mk 25.740.3° 43.3+0.3% 31.3+3.7"
= G3 210.3+1.97 21.740.7% 43.2+0.4% 38.8+0.4%®
§ G4 218.1+3.0¢f 19.0+1.0" 39.9+0.2%¢ 35.4+1.2¢F
S G5 215.1+2.0%9 21.0+0.6%f 44.0+0.5% 35.6+0.3%F
2 G6 208.3+0.4%1 17.2+0.2" 41.0+0.8°f 33.2+1.3

G7 225.1+1.5% 21.3+0.9%¢ 39.7+0.3 38.7+0.4%¢
= Gl 220.0+6.8%f 26.7+0.3° 42.1+£1.1°¢ 41.3£1.0°
8 G2 229.9+3.4° 19.7+0.9%9 38.0+0.2¢ 34.0+0.8°"
E G3 239.9+2.9° 21.0+0.0¢f 39.9+0.1°9 36.7+1.1°¢
& G4 224.3+3.7"¢ 22.7+0.7¢ 42.2+0.7°4 38.6+1.3*¢
§ G5 222.4+3.9%¢ 27.3+0.9% 41.9+1.2f 36.6+0.1%¢
S G6 214.4+1.7°" 27.3+0.9% 38.2+0.5¢9 34.0+0.4%"

G7 224.9+6.6™ 29+0.6° 45.6+1.7% 37.9+1.1%¢
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Wil do 0 S iz a0l goe OS] pae saims lid g
G1: Control, G2: Foliar application of amino acid, G3: Foliar application of seaweed, G4: Humic acid irrigation fertilizer, G5: Foliar

application of fulvic acid, G6: Foliar application of humic acid, G7: Humic acid irrigation fertilizer + Foliar application of seaweed
+ amino acid. Means followed by the same letter(s) in the same column are not significantly different at 1% of probability level.
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Table 4. Variance analysis (Mean Squares) of 100-seed weight, harvest index, Fe and Zn concentrations
in shoot, and straw, biological and seed yields in corn affected by different fertilizer levels and growth

sbawlaS =T ;1 .(Gholami et al., 2015) c.él,

OBy 0udlw glaazlg a S ool do a Aol
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stimulants.
Mean Squares
SOV d.f lOV(\)I;Ii(gLrtlaI Straw yield Biological yield Seed yield 'ﬁ:j\gft Fe Zn

Block 2 0.08 1149976 542573 113135 0.31 13.82 0.50
Growth stimulants (G) 6 5.24** 219591511** 257065549** 3177477* 3.64** 2853** 156.2**
Fertilizer (F) 2 7.10%* 6652990 26050485* 13152919** 13.87** 3160** 1675**
GF 12 10.20** 228828863** 279607265** 5737402** 4.61%* 1838** 109.4**

Error 40 0.43 7375914 7370906 154564 0.36 160.1 0.74

C.V (%) 2.52 3.60 3.12 3.38 4.56 3.97 3.04

Aoy S g gy Jleizl mhaw j0 s cixe ol Sy SRR

*and **: Significant at 5% and 1% of probability levels, respectively.
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Tables 5- Effect of different fertilizer levels and growth stimulants (G) treatments on 100-seed weight,

.Q)o B

harvest index, and straw, biological,and seed yields in corn.

Treatments 100-kernal weight (g) St(ﬁigvh?_?)ld Biological y{;} ld (kg ha Harvest index (%) Seed ylell)d (kg ha
Gl 24.3+1.0M 84050+1456° 94729+1524" 11.3+0.2' 10679+139"
5 G2 25.2+0.0%" 67914+1176% 78108+1125k 13.1+0.3% 10193112
= G3 28.3+0.3® 78507+1360° 90074+1328% 12.8+0.2¢7 11567+65™
= G4 24.5+0.2N 86029+1490° 97595+1613° 11.9+0.2¢ 11567+223%
o G5 25.8+0.5%9 74279+1287%° 86594+1413%9 14.2+0.2>¢ 12316+226%°
S G6 26.4+0.2° 69007+1195™" 80703+1280™ 14.5+0.2"¢ 11696+155%¢
G7 22.8+0.3 65807+1140%" 73220+1042'™ 10.1+£0.4™ 7413236
Gl 25.4+0.1 68850+1193" 79329+1305% 13.2+0.1" 10479+113"
E G2 28.6+0.2° 70257+1217%9 82100+1407™ 14.4+0.3%¢ 11843+293f
= G3 25.740.2%9 92729+1606* 105952+16972 12.5+0.1" 13224+101%®
E G4 26.7+0.4%° 78250+1355° 90640+1209%¢ 13.7+0.6%" 12390+531%
RS G5 26.7+0.1% 77150+£1782% 89514+1845% 13.8+0.4%9 12364+328%
2 G6 23.6+0.11 72836+1682% 8297817549 12.2+0.2! 10142472
G7 28.8+0.0° 72843+1682% 85129+1439" 14.4+0.7"¢ 12286+462%°
_ Gl 27.4+0.7 83780+1935° 96673+1941° 13.3+0.3% 12893+13%
3 G2 25.3+0.1 593861371 70470+£1280™ 15.7+0.5* 11084+208°%"
% G3 28.3+0.4%® 65607+1515" 77018+15514 14.8+0.3*¢ 11410+119%
& G4 25.1+0.19" 77886+1799° 91508+1632% 14.9+0.4%® 13622+167°
E\°> G5 25.1+0.1%" 7251441675 84197+1741% 13.9+0.2¢f 11683+77%9
S G6 26.3+0.2¢f 83779+1935° 96079+1787° 12.8+0.4" 12300+148%¢
G7 24.0£0.7' 83781+1935° 97086+1835° 13.7+0.4%h 13305147
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G1: Control, G2: Foliar application of amino acid, G3: Foliar application of seaweed, G4: Humic acid irrigation fertilizer, G5: Foliar

application of fulvic acid, G6: Foliar application of humic acid, G7: Humic acid irrigation fertilizer + Foliar application of seaweed
+ amino acid. Means followed by the same letter(s) in the same column are not significantly different at 1% of probability level.
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Figure 1. Means comparison of Fe concentration in shoot affected by the fertilizer levels and growth
stimulants in corn. (G1: Control, G2: Foliar application of amino acid, G3: Foliar application of seaweed,
G4: Humic acid irrigation fertilizer, G5: Foliar application of fulvic acid, G6: Foliar application of humic
acid, G7: Humic acid irrigation fertilizer + Foliar application of seaweed + amino acid. Means followed
by the same letter(s) in the same column are not significantly different at 1% of probability level.
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Figure 2. Means comparison of Zn concentration in shoot affected by fertilizer levels and growth
stimulants in corn. (G1: Control, G2: Foliar application of amino acid, G3: Foliar application of seaweed,
G4: Humic acid irrigation fertilizer, G5: Foliar application of fulvic acid, G6: Foliar application of humic
acid, G7: Humic acid irrigation fertilizer + Foliar application of seaweed + amino acid. Means followed
by the same letter(s) in the same column are not significantly different at 1% of probability level.
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Table 6. Correlation coefficients between studied traits.
T'sa” A B c D E F G H | J K L M
A 1.00
B 9% 100
C 00l 015  1.00
D 028 028 032 100
E 020 -001 009 -001 1(')0
Fooozer o019 o1 O %0 00
G 025 018 001 027 00 013 100
5
H 007 027 024 022 00 019 -005 1.00
2
. . N 0.99*
I 001  032* 027 026 00 024 001 > 1.00
4
3 99" 019 010 o016 01 o026¢ 049 09 goee 100
3
kK 94 903 010 o012 oéo 041 018 04o* 032 04" 19
* * * - * * *
L 067 063 50 0367 g1 023 04T o5 gug 0BT 035F 4
0
* * * * - * * * * * *
M 043" 045" 034* 039* ° 044r  041% 052 062* 057F (o0 063 1(.)0
1
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*and **: significant correlation at 5% and 1% of probability level, respectively. A: height, B: corn cob diameter, C: ear diameter,
D: ear length, E: number of rows per ear, F: number of grains per row, G: 100-seed weight, H: straw yield, I: biological yield, J:
harvest index, K: Fe concentration, L: Zn concentration and M: Seed yield.
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