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ARTICLE INFO ABSTRACT
Article History Two field experiments were conducted at the Experimental Farm,
Received:29/8/2022 Faculty of Agriculture, Saba Basha, Alexandria University, Alexandria
Accepted:17/10/2022  Goyernorate, Egypt, during of 2021 and 2022 seasons to investigate the effect
Available:20/10/2022 ¢ different methods and rates of fulvic acid (FA) and Zn on yield and its
- components of maize. In both seasons, the two filed experiments were set up
KEY_WOVdS- i i in a randomized complete block design (RCBD) with three replications. The
Maize, fulvic acid,  treatments were as follows; The control treatment (T1), soil application of
Zinc, application FA at the rate of 12 kg/ha at 30 and 45 DAS (T2), soil application of Zn at
methods, yield, the rate of 12 kg Zinc sulphate/ha at 30 and 45 days (T3), spraying of FA at
components. the rate of 1.2 kg/ha at 40 and 50 days (T4), spraying of Zn at the rate of 1.2
kg/ha at 40 and 50 days (T5), soil application of FA and Zn at the rate of 12
kg/ha at 30 and 45 days (T6), spraying of FA and Zn at 40 and 50 days (T7),
soil application of FA and spraying of Zn (T8), and soil application of Zn at
35 and 45 days and spraying of FA at the rate of 1.2 kg/ha at 40 and 50 days
(T9 in both seasons. The results showed that soil application of Zn at 35 and
45 days and spraying of FA at 40 and 50 DAS (T9) gave the highest mean
values of yield and its components of yellow hybrid of maize followed by
soil application of FA and spraying of Zn (T8) which gave the same trend
while the control treatment recorded the lowest mean values of the studied
characters of maize in both seasons under this study conditions.

INTRODUCTION

Maize is among the most significant cereal crops, notably in Egypt, where much
focus has been placed on increasing overall output, especially if it is used to make bread.
Agronomic approaches such as bio-organic and/or inorganic fertilizers, irrigation, and novel
hybrids are applied in the recently recovered desert land. In Egypt, maize is grown on
roughly 0.8 million hectares (ha), with an average yield of 1.6 tonnes/ha (FAO, 2020).

Micronutrient deficits, such as a shortage of zinc (Zn), are a major constraint on
agricultural output, particularly in alkaline calcareous soils. As a result, Zn is frequently used
in macronutrient fertilisers to boost crop quality and yield (Khalilv et al., 2012). The use of
Zn fertiliser can boost plant growth, blooming, and biomass output. In this way, Ehsanullah
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et al. (2015) reported that the rise in grains number/cob, grain number/row, grain
number/ear, grain yield and yield components was significantly enhanced by the application
of Zn. Also, Wasaya et al. (2017) showed a significant increase in yield characters and yield
of maize with the application of zinc. Increasing amounts of Zn boosts maize growth and
yield (Singh et al., 2020). The establishment of the reproductive organs of maize plants is
influenced by Zn fertilizing during the early stages of growth. Foliar zinc fertilisers can
completely restore the physiological efficiency of plants that have been deficient in zinc
shortage (Ivanov et al., 2021; Rahouma et al., 2021). The nitrogen at 150 kg/ha + Zn at 15
kg/ha yields the highest grain number/ear, grain number/row, 100- grain weight, stover, and
biological yields/ha, followed by the nitrogen at 150 kg/ha + Zn at 15 kg/ha yields the highest
grain number/ear, grain number/row, test weight, grain, stover, and biological yields/ha.
Among all the treatments used, the lowest ones were identified in the control group (Singh
etal., 2021).

FA or HA application significantly reduced the effects of drought by preserving
chlorophyll content and gas exchange, possibly through increased antioxidant enzyme
(superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT)) activities and proline.
These beneficial effects resulted in increased plant growth and allometry, as well as grain
yield. It is worth noting that FA treatment boosted crop performance under well-watered
situations. As a result, FA can be used to increase crop production in normal and stressful
conditions (Chen et al., 2004; Rahmat et al., 2010; Anjum et al., 2011; Rahouma et al.,
2021). In addition, humic acid reduces water evaporation, boosts yield/yield components,
improves water retention, and increases soil water holding capacity (Kamran et al., 2014).
Under water stress, the injection of 14.4 kg/ha of humic acid enhanced maize growth and
grain production (Gomaa et al., 2015 and Kandil et al., 2020). Fulvic acid boosted
production, components, and quality under salinity-affected soil conditions (Kandil et al.,
2020). Both humic acid and zinc applications have significantly improved Pioneer 3084
maize plant growth, grain yield, and yield attributes. The best results have been recorded
with 15 kg humic acid/ ha as soil application combined with the spraying of 9 ml/ | zinc as
spraying (Rahouma et al., 2021).

The objective of this manuscript was to see how different application techniques of
fulvic acid (FA) and zinc (Zn), as well as their combination, affected maize production and
yield components.

MATERIALS AND METHODS

Two field experiments were conducted at the experimental farm, the Faculty of
Agriculture, Saba Basha, Alexandria University, Alexandria Governorate, Egypt, during the
summer seasons of 2021 and 2022 to determine the effect of different application methods
of fulvic acid (FA) and zinc (Zn), as well as their interaction, on yield and its components of
maize cv (SC 2066) under the soil as affected by salts.

Table 1 shows the physical and chemical parameters of the experimental soil, which
were determined using the method outlined by Page et al. (1982).

In the first and second seasons of this study, Egyptian clover (Trifoluim alexandrinum
L.) was the previous crop.

A randomized complete block design (RCBD) was used for the experiment. Whereas
the treatments applied in the three replicates are as follows:

1- The control (untreated) (T1),

2- soil application of FA at the rate of 12 kg/ha at 30 and 45 days after sowing=DAS

(T2),
3- soil application of Zn at the rate of 12 kg Zinc sulphate/ha at 30 and 45 DAS (T3),
4- spraying of FA at the rate of 1.2 kg/ha at 40 and 50 DAS (T4),
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5- spraying of Zn at the rate of 1.2 kg/ha at 40 and 50 DAS (T5),

6- soil application of FA and Zn at the rate of 12 kg/ha at 30 and 45 days (T6),

7- spraying of FA and Zn at the rate of 1.2 kg/ha at 40 and 50 DAS (T7),

8- soil application of FA at the rate of 12 kg/ha and spraying of Zn (T8) at the rate

of 1.2 kg/ha, and

9- soil application of Zn at 35 and 45 DAS and spraying of FA at 40 and 50 DAS

(T9).

Each plot size was 10.5 m? including 5 ridges each 3.00 m in length and 0.70 m in
width. Sowing takes place in the summer seasons of 2021 and 2022, respectively. The field
was sprayed with herbicides (Stomp 50% at the rate of 3.6 I/ha and Gisaprim at the rate of
1.8 kg/ha) after sowing and then irrigated on the same day .

The seeds were planted at the rate of 2 seeds/hill. The space between hills was 25 cm.
Hilles were made on the north side of each ridge and thinned to one plant/hill before the first
irrigation. maize hybrids grains were gained from Misr High Tech International Seed Co.
which was obtained from the Ministry of Agriculture and Land Reclamation, Egypt.

Table 1. Soil Physical and chemical properties of experimental sites in both seasons.

Soil properties Seasons

2020 2021
A- Mechanical analysis
Sand 14.50 14.70
Silt 4210 4210
Clay 43 .40 43.20
Soil texture Clay loam Clay loam
B- Chemical properties
pH (1:1) 8.20 8§30
EC(1:1)dS/m 4.30 4.25
1- Soluble cations (1:2)
K* 1.40 1.45
Ca™ 9.00 10.00
Mg™ 11.30 11.50
Na™ 13 .60 13.80
2- Soluble anions (1:2)
CO3+ HCO3 2.80 2.90
CL- 19.70 1980
S0 12.80 13.50
Calcium carbonate (%) 6.70 6.90
Total nitrogen (%) 1.10 1.20
Available P (mg/kg) 3.70 3.60
Organic matter (%) 1.50 1.60

Phosphorus fertilizer was added at a rate of 480 kg/ha calcium superphosphate
(12.5% P20s) just before sowing. Mineral nitrogen fertilizer at the rate (288 kg N/ha) was
in the form of urea (46 % N) and applied at two equal doses the first one after thinning before
the first irrigation and the second dose done before the second irrigation.

At harvest time, ear length (cm), number of rows/ear, number of grains/row, number
of grains/ear, 100- grain weight (g), biological yield, grain yield (t/ha), straw yield (t/ha) and
harvest index (%) were measured from the two middle ridges of each plot in both seasons

Data obtained was analyzed using the appropriate method of statistical analysis of
variance as described by Gomez and Gomez (1984). The treatment means were compared
using the least significant differences test (LSD) at a 5% level of probability. All the
statistical analyses were done using CoStat 6.311 (2005) computer software package.
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RESULTS AND DISCUSSION

The results presented in Tables (2 and 3) showed the significant influence of soil
and spraying of Zn and FA and their combination on grain yield, straw yield, biological
yield, ear length, number of grains/row, number of grains/ear and 100- grain weight except
for harvest index (HI %) during 2021 and 2022 seasons.

The results in Tables (2 and 3) showed the significant effect of soil and spraying of
Zn or FA on yield and its components, whereas soil application of Zn at 35 and 45 days and
spraying of FA at 40 and 50 DAS (T9) recorded the highest values of grain yield (6.05 and
5.77 t/ha), straw yield (8.85 and 8.10 t/ha), biological yield (14.90 and 13.87 t/ha), ear length
(24.67 and 25.33 cm), number of grains/row (45.33 and 46.33), number of grains/ear (545.33
and 550.33), and 100- grain weigh (52.67 and 52.67 g) followed by soil addition of FA and
spraying of Zn (T8), while the lowest ones were given with the control treatment in both
seasons.

The increase in the value of yield attributes could be recognized as the increase in
plant dry matter. An increase in yield and its components may be due to the role of Zn and
FA for plant growth such as the increasing which observed in previous growth characters
also cleared by Karrimi et al. (2018) observed that Zn with its prominent role in several
physiological and enzymatic activities of the plant system, not only involves the conversion
of carbohydrates, protein, and chlorophyll synthesis but also induces many catalytic
functions of the plant. In this respect, Wasaya et al. (2017) detected a significant increase in
yield parameters and yield of maize with the use of zinc. Also, Krishnaraj et al. (2020)
mentioned that an increment in the above growth characters due to Zn application can be
attributed to improved plant growth and enhancement in photosynthetic and other metabolic
activities, which led to an increase in various plant metabolites responsible for cell division
and cell elongation due to optimal nutrient availability, as well as accelerated growth of the
internodal portion with higher synthesizing of growth hormones such as IAA and
metabolizing gibberellic acid. Furthermore, amino acids, vitamins, microelements, and
hormones are all biochemical fulvic acids, and all of these compounds may induce cell
division, root development, and absorption of nutrients, as well as improve plant anti-stress
capabilities, and hence encourage crop growth and production (Qin and Leskovar, 2020).

Fulvic acids, on the other hand, have been shown to boost mineral intake, promote
root length, and raise the fresh and dry weights of agricultural plants (Chen et al., 2004).
According to Yang et al. (2017), fulvic acid (FA) includes several nutritional ingredients
that are good for enhancing crop yields as well as the physicochemical and biological
environment of the soil. These results are in the same trend as those reported by Khalilv et
al. (2012); Naeemet al. (2015); Moradi et al. (2017); Yang et al. (2017); Kandil et al. (2020);
Rahouma et al. (2021) who indicated that using Zn or FA increased yield and yield
components.
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Table 2. Effect of soil and spraying of Zn, and FA on maize yield in both seasons.

Grain yield Straw yield Biological Harvest index
Treatment (t/ha) (t/ha) yield (t/ha) (HI%)
2021 2022 2021 2022 2021 2022 2021 2022
Tl 357f | 323e | 527f | 497e¢ 8.84 8.20 40.38 39.39
T2 393f | 3.88d | 6.27e | 5.52d 10.20 9.40 38.53 41.28
T3 470de | 4.57c | 7.50cd | 6.17¢c 12.20 10.74 38.52 42.55
T4 463e | 450c | 7.43d 6.10 ¢ 12.06 10.60 38.39 42.45
TS 493 cde| 4.63¢c | 7.73bcd| 6.57 ¢ 12.66 11.20 38.94 41.34
T6 5.28bc | 5.07bc| 8.00bc | 7.27b 13.28 12.34 39.76 41.09
17 5.16 bed| 5.03 bc| 7.89bed| 7.33 b 13.05 12.36 39.54 40.70
T8 550b | 5.23ab| 8.07b 7.77 ab | 13.57 13.00 40.53 40.23
19 605a | 577a | 885a 8.10a 14.90 13.87 40.60 41.60
LSDg.o5 0.49 0.57 0.52 0.53 0.97 0.95 ns ns

Table 3. Effect of soil and spraying of Zn, and FA on maize yield components in both

Seasons.
Number of Number of 100- grain
Treatment Ear length (cm) grains/row grains/ear weiglglt (2)
2021 2022 2021 2022 2021 2022 2021 2022
T1 17.67e | 18.30e | 30.33d | 28.00f | 348.67 e | 335.00d| 38.00g | 37.00f
T2 19.33d |19.67de| 34.67c | 3533e | 421.67d | 410.67c| 42.00f | 41.67 e
T3 19.20d |19.17de| 40.67 |41.00d | 488.00 bc| 475.00b | 44.67 cde|44.17 cde
T4 19.50d | 18.90de| 43.00 ab| 42.00 cd [521.67 abq 528.00 a| 43.33 def|44.33 cde
TS 19.67d | 20.17d | 42.67 ab| 41.67 cd|529.33 abg 519.67 a| 45.33 cd | 46.17 be
T6 21.67c |[22.00 bc| 42.67 ab| 42.33 cd | 488.00 bc| 521.67 a| 42.67ef | 43.67 de
T7 22.00bc| 21.67c | 40.67b | 44.33 bc| 529.67 ab| 535.33 a| 46.33 bc |46.17 bed
18 23.17b | 23.33b | 45.00a | 47.33a | 531.67 ab| 550.67a| 48.50b | 48.17b
T9 24.67a | 25.33a | 4533 a | 46.33 ab| 54533 a | 550.33a] 52.67a | 52.67a
LSD 0.05 1.45 1.46 3.65 2.72 48.12 38.86 2.46 2.80

- The control (T1), soil application of FA at the rate of 12 kg/ha at 30 and 45 days (T2), soil
application of Zn at the rate of 12 kg Zinc sulphate/ha at 30 and 45 DAS (T3), spraying of
FA at the rate of 1.2 kg/ha at 40 and 50 DAS (T4), spraying of Zn at the rate of 1.2 kg/ha
at 40 and 50 DAS (T5), soil application of FA and Zn at the rate of 12 kg/ha at 30 and 45
days (T6), spraying of FA and Zn at 40 and 50 days (T7), soil application of FA and
spraying of Zn (T8), and soil application of Zn at 35 and 45 days and spraying of FA at 40
and 50 DAS (T9).

- Ns: no significant difference at 0.05 level of probability.

CONCLUSION:

From the result of these two growing seasons field's study, it was concluded that
yield, its components of maize crop increased with treated yellow SC 2066 hybrid with soil
application of Zn at 35 and 45 DAS at the rate of 12 kg/ha and spraying of FA at 40 and 50
days after sowing (DAS) (T9) at the rate of 1.2 kg/ha or soil application of FA and spraying
of Zn (T8), under study conditions at Alexandria Governorate, Egypt.
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