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ABSTRACT

Two field experiments were conducted at the Experimental Farm of
Faculty of Agriculture (Saba Basha), Alexandria University, Egypt during
2017 and 2018 seasons, to study the response of the three maize hybrids
productivity to different combination between nitrogen and potassium
fertilizer and its effect to infection by fungal diseases. Split plot design with
three replications was used, where the main plots occupied by three hybrids
of maize (S.C.10, S.C.131 and T.W.C.321), meanwhile the subplots
contained combination between nitrogen and potassium fertilizer forms
(192 kg N/ha + 0 kg K/ha, 192 kg N + 57.6 kg K/ha, 192 kg N + 115.2 kg
K/ha, 288 kg N/ha + 0 kg K/ha, 288 kg N + 57.6 kg K/ha, 288 kg N + 115.2
kg K/ha, 384 kg N/ha + 0 kg K/ha, 384 kg N + 57.6 kg K/ha, and 384 kg
N + 115.2 kg K/ha). Each subplot consisted of 6 ridges 3.50 m in length
and 70 cm in the width and plot area was 14.7 m2. The results revealed that
maize hybrids differed significantly and combination between nitrogen and
potassium fertilizer affected significantly in plant height (cm), ear length,
number grains/row, number of grains/ears, 100- grain weight, grain, straw,
and biological yield (kg/ha.) as well as harvest index %. The results
indicated that there was significant effect of fertilization levels on yield, its
components and leaf blight infestation of some maize hybrids where
fertilizing maize hybrid TWC321 by 288 kg N + 57.6 kg K/ha recorded the
highest values of yield and its components, on the other hand, the maize
hybrid TWC321 recorded the highest yield and high tolerant for leaf blight
under Alexandria conditions.

INTRODUCTION

Maize (Zea mays L.) is one of the three most important cereal crops in Egypt and the
world. It is one of the important cereal crops next to wheat and rice in the world and it is
high yielding, easy to process, readily digested and cheaper than other crops. Maize is
consumed both as food and fodder and in addition, it is also required by the various
industries. The cultivated area in Egypt occupied about 1.58 million fadan (one fadan=4200
m?) producing up to 5.85 million tons of grains with an average yield of 24.02 ardab/fadan
(ardab = 140 kg grains) according to FAO (2018).
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Maize requires an adequate supply of nutrients such as P and K for good growth and
high yield. Nevertheless, P and K are very essential for good vegetative growth and grain
development in maize production. The quantity required of these nutrients depends on the
pre-clearing vegetation, organic matter content, tillage method and light

Nitrogen is a key factor for plant photosynthesis, ecosystem productivity and leaf
respiration (Martin et al., 2008). Nitrogen stress may affect the light use efficiency and
consequently influence long-term changes in vegetation biomass and carbon sequestration
(Peng et al., 2012). Increase nitrogenous fertilization rates up to 200 kg/ha increased yield
and its components of maize (Dawadi and Sah, 2012). Application of intensity (Kang,
1981).nitrogenous fertilization lowest ear weight was related to the lowest nitrogen level,
while the highest ear weight was observed by the highest nitrogen level (240 kg N hat),
while there was no significant difference among nitrogen levels was observed on harvest
index (Hoshang, 2012). Nitrogen fertilization levels, maize hybrids, and their interactions
showed such significant effects on maize growth, crop yield and its components. The
maximum plant height, leaf area index (LAI), chlorophyll SPAD unit, number of rows/cob
, hnumber of kernels/row, number of kernels cob, 1000 grain weight, stover, grain, biological
yields, harvest index and protein content were produced by the application either 429 or 357
kg N/ha (Kandil, 2013). There were gradual and significant increases in all growth
parameters and grain yield resulted from foliar spray by raising N- fertilizer up to 288 kg
N/ha., in both seasons. The S.C Pioneer 30K09 maize hybrid treated with 288 N/ha.,
produced the maximum values of plant height and grain yield in both seasons (Faheed et al.,
2016). The highest means values of yield and chemical composition characters were
obtained using nitrogen fertilizer at rate of 384 kg/ha., in both seasons, while the lowest ones
were recorded by application of nitrogen at 192 kg/ha., in both seasons (Gomaa et al., 2016).

Potassium (K) helps in the photosynthesis process, controlling water storage and
stomata opening in leaves (Zhang and Wang, 2005). Potassium is an important
macronutrient for improving the yield of crop. It is vital for physiological processes, water
availability, photosynthesis, assimilate transport and enzyme activation with a direct effect
on crop production. Potassium deficiency significantly reduces the leaves number and size
of individual leaf and as a result photosynthetic activity of the plant was affected (William,
2008). Higher crop growth rate might be exhibited due to higher photosynthetic efficiency
in leaves and supplied emerging cobs with existing photosynthates for proper filling,
producing higher yield. Grain yield enhanced by increasing potassium uptake under the arid
condition (Damon and Rengel, 2008).

Northern Corn leaf blight (NCLB) is a disease of corn caused by the fungus,
Exserohilum turcicum. Severe outbreaks of the disease can cause up to 30-50% yield loss in
corn if the disease is recognized before tassel (Lipps and Mills, 2011). Corn Leaf Blight:
Northern Corn leaf blight also commonly known as Turcicum leaf blight (TLB) is one of the
most important foliar diseases of maize. NCLB can be severe when the condition is
favorable. High humidity associated with low temperature and cloudy weather is favorable
conditions for disease development on the host plant (Singh et al., 2004). Heavy dew on the
growing plant has also been cited as one of the factors leading to NCLB disease severity
(Dingerdissen et al., 1996).

The disease symptoms primarily appear on the leaves. Plants may be infected at any
growth stage, but usually at or after anthesis. The disease starts first as a small elliptical spot
on the leaves, grayish-green in color with water-soaked lesions. The spots turn greenish with
age and increase in size, finally attaining a spindle shape. Spores of the fungus develop
abundantly on both sides of the spot (Singh et al., 2012).



Maize Hybrids Response to Nitrogen, Potassium Fertilization 61

This investigation aimed to study the response of the three maize hybrids productivity
to different combinations between nitrogen and potassium fertilizer and its relation to some
fungal diseases.

MATERIALS AND METHODS

Two field experiments were conducted at the Experimental Farm of Faculty of
Agriculture (Saba Basha), Alexandria University, Egypt, during the summer seasons of 2017
and 2018 to study the response of the three maize hybrids productivity to different
combination between nitrogen and potassium fertilizer and its effect to reduce fungal
diseases.

The preceding crop was Egyptian clover (berseem) in the first and second season.Soil
physical and chemical analysis of the experimental site is given in Table (1).Each subplot
area was 14.7 m?consisted of 6 ridges 3.50 m in length and 70 cm in the width.

Table 1. Some physical and chemical properties of the experimental soil in 2017 and 2018

seasons.
Soil Hies Season
o1l properties 017 018

A) Mechanical analysis:

Clay % 38 37

Sand %o 32 33

Sit %% 10 0
Soil texture Clay loam soil
B) Chemical properties

pH(1:1) 800 810

Ec (dS/m) 330 320
1) Soluble cations (1:2) (cmol'kg soil)

K 153 154

Ca™ 9.30 8.6

Mg™ 143 150

Na* 1310  13.00
2) Soluble anions (1 : 2) (cmol’kg soil)

COy~+ HCOy 30 3.10

Cl 21.0 207

S0y 138 140

Calcium carbonate (%) 6.50 6.60

Total mtrogen % 1.00 0.92

Available phosphate (mg/'kg) 3.80 3.90

Orgamc maftter (%) 1.42 1.41

Split plot design with three replications was used, where the main plots occupied by
three hybrids of maize (S.C.10, S.C.121 and T.W.C.321), meanwhile the sub plots contained
combination between nitrogen and potassium fertilizer forms (192 kg N/ha + 0.0 kg K/ha,
192 kg N + 57.6 kg K/ha, 192 kg N + 115.2 kg K/ha, 288 kg N + 0 kg K/ha, 288 kg N + 57.6
kg K/ha, 288 kg N + 115.2 kg K/ha, 384 kg N + 0.0 kg K / ha, 384 kg N + 57.6 kg K/ha, and
384 kg N + 115.2 kg K/ha).
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Ammonium nitrate (NHsNO3 - 33.50 N%) was used as the N source which was applied
in two equal doses, the first dose was before the first irrigation and the second one was before
the second irrigation during both growing seasons. Potassium sulphate (K2S04-48% K-0O)
form was added at sowing time, in both seasons. Phosphorus fertilizer was applied before
planting in form of Calcium super phosphate (15.5 % P20Os).

The planting date was 10" May in both seasons. The field was hand thinned before the
first irrigation to one plant/hill. The experimental units were hand hoed twice for controlling
weeds before the first and second irrigations. Other agricultural practices were done as
recommended by the Ministry of Agriculture and Reclamation.

At harvest time 120 days from planting the most important studied characters were
recorded; Plant height, ear length (cm), number of grains/row, number of rows/ear, number
of grains/ear, 100-grain weight, grain yield, biological yield (ton/ha), harvest index (%),
while disease incidence and disease severity % of leaf blight were recorded.

All collected data were subjected to analysis of variance according to Gomez and Gomez
(1984). All statistical analysis was performed using analysis of variance technique using
CoStat computer software package (CoStat, Ver. 6.311., 2005). The least significant
difference (LSD at 0.05) was used to compare the treatment means.

RESULTS AND DISCUSSION

The recorded results in Table (2) showed that plant height at harvesting (cm), ear length
(cm) and the number of grains/row were significantly affected by maize hybrids and
combined nitrogen and potassium fertilization rates and their interactions during both
seasons.

The results showed that there was significant difference among maize hybrids on each
of plant height at harvesting (cm), whereas the hybrid S.C. 10 recorded the highest mean
value of plant height, On the other hand, TWC321 gave the shortest plant which recorded
the longest ear (cm) and number of grains/row with no significant difference among the three
maize hybrids on the pervious traits in both seasons. The different responses among these
hybrids may be due to genetics. These results are confirmed with those observed by Kandil
(2013) and Faheed et al. (2016). Also, Minjian et al. (2007) reported that modern hybrids of
maize respond to K differently due to differences in its uptake, translocation, growth, and
utilization.

The results in the same Table revealed the effect of N + K fertilization levels on plant
height at harvesting (cm), ear length (cm), and number of grains/row, where application of
the rate at 384 kg N + 115.2 kg K/ha recoded the longest maize plants, while the shortest
plant was given with adding 192 kg N + 0 kg K kg/ha. On the otherwise, the longest ear and
the highest number of grains/row were recorded with the combination of 192 kg N + 0 kg K
kg/ha, while the lowest ones were obtained with 192 or 288 kg N/ha with no addition with
K in both seasons. These results are in agreement with those reported by Damon and Rengel
(2008), William (2008), Kandil (2013), Faheed et al. (2016) and Gomaa et al. (2016).

The results in Table (2) reveal that there were significant interaction effects on some
plant characters i.e., plant height and number of grains/row of maize, where the highest mean
value of plant height was recorded with 384 kg N + 0 kg K/ha and number of grains/row was
obtained by 192 kg N + 115.2 kg K/ha, while the lowest value of plant height was given with
fertilizing TWC321 with the rate of 192 kg N + 0 kg K/ha but the lowest number of
grains/row with SC. 121 + 192 kg N + 0 kg K/ha during the two seasons.
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Table (2). Plant attributes of three maize hybrids as affected by potassium fertilization forms
and their interaction in both seasons

| Seazom 1017 | | Seasen 2018
Artributes N+ K- fertilizer (B) Mzize hybrids (4) Aversge L5D.2t0.03 Maize hybrids (4) Averaze L.SD.2t 005
sCaa TW.C 301 ® A B | 4B | scio | scio | Tweoan =) A B AR
FIEE] 1500 193.9 3.7 T 1917 2068
15, 1020 T2 FEER 0 073 EETR]
[, Tz 1550 1367 2643 347 1770 587
Plant height g 003 ™3 03 W7 | 1063 BELN] FTEL]
harvestin Ly FEIE] 1340 wr | 13| oms 1753 T36.7 BN 2889 e | o2
() TIL0 TLO [EER] 50T FEEE] 730 7553
o plik] T840 160 TELT 0T 7013 EER]
R 30 78 T FEEE] 1303 82
FE[T] B3 2404 7T 520 T 1569
156 187 1511 FAE] FEER]
T3 T3 58] ] [ TEE
113 00 179 T BN 13 1
153 0 0.2 0 03 z 14
0.7 T 183 ] FIM] pli] 0.0
Ear length 173 B 1E.2 183 103 0 a7
e 77 7 8.2 u n = iz 101 I8 7 B e "
77 0 150 I3 101 pil 05
77 T e 05 M TE 01
[ 10 151 300 101 i 06
i) T 301 JEX] pil
310 4.0 333 310 30.0 34 g
400 0 410 330 233 32 38
113 [0 340 ] 113 47 454
Mumber of | 258 10 i1 313 343 32 R
Pt O] ¥ 01 EE 340 4 413
Srains Tow 2
473 4 431 " 16 4L 4 T 443 L +
] T 360 36 351
40 4 4 [TK] 45 444
50 [EE [ 4 45 (TR
Average (A) 389 304 04 3.4 402 413
ns.: not significant difference at §.03 level of probability according to L3D

The recorded results in Tables (3) showed that the number of grains/ear and 100- grain
weight (g) was significantly affected by maize hybrids and combined nitrogen and potassium
fertilization rates and their interactions in both seasons.

The results showed that there was a significant effect due to maize hybrids on 100- grain
weight (g), whereas the hybrid TWC321 recorded the highest mean value of 100- grain
weight, On the other hand, SC10 gave the lightest 100- grain weight (cm) in the two seasons.
On the other hand, there was significant difference among the three maize hybrids on number
of rows/ear in both seasons and on number grains/ear in the first season. The different
responses among these hybrids may be due to genetics. These results are in agreement with
those reported by Kandil (2013) and Faheed et al. (2016). Also, Minjian et al. (2007) stated
that modern hybrids of maize respond to K differently due to differences in its uptake,
translocation, growth, and utilization.

The results in the same Table revealed the effect of N + K fertilization rates on number
of grains/ear and 100- grain weight (g) where addition of the rate at 192 kg N + 115.2 kg
K/ha recorded the highest value s of number of grains/ear and 100- grain weight followed
by the rate of 288 N kg + 57.6 Kg K/ha, while the lowest ones were observed with adding
192 kg N + 0 kg K kg/ha in both seasons. On the other hand, NK fertilization rate did not
affect on number of rows/ear in both seasons. These results are in agreement with those
reported William (2008), Kandil (2013), Faheed et al. (2016) and Gomaa et al. (2016).

The results in Table (3) revealed that there were significant interaction effects on some
plant characters i.e., number of grains/ear and 100- grain weight, where the highest mean
value of number of grains/ear were recorded with maize hybrid SC10 with the rate of 192
kg N + 115.2 kg K/ha and the highest 100- grain weight was obtained by fertilizing the
hybrid of maize ‘“TWC321 by 192 kg N + 115.2 kg K/ha, while the lowest value of number
of grains/ear and 100- grain weight (g) were given with fertilizing SC 121 with the rate of
192 kg N + 0 kg K/ha during the two seasons.
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Table (3). Plant attributes of three maize hybrids as affected by potassium fertilization forms

and their interaction in both seasons

N+ K- ferilizer (#) whaize ybrids (41 L0 ar oS Maize hybrids (A )
Average (B) Averag
S0 80021 W32 A " AB SO0 5010 TW.C. 32 £ A

The obtained results in Tables (4) showed that grain yield, biological yield, and harvest
index (%) were significantly affected by maize hybrids and combined nitrogen and
potassium fertilization rates in both seasons.

The results showed that there was significant effect of grain yield, biological yield and
harvest index (%) for the three maize hybrids, whereas the hybrid TWC321 achieved the
highest mean value of grain yield (4.0 and 4.7 t/ha), biological yield (13.4 and 11.0 t/ha) and
harvest index (39.5 and 42.5 %) as compared with the others two hybrids in both seasons.
The different responses among these hybrids may be due to genetics. These results are in
agreement with those reported by Kandil (2013) and Faheed et al. (2016). Also, Minjian et
al. (2007) reported that modern hybrids of maize respond to K differently due to differences
in its uptake, translocation, growth, and utilization.

The results in the same Table show the effect of N + K fertilization levels on grain yield,
biological yield and harvest index (%), where application of the rate at 384 kg N + 57.6 kg
K/ha achieved the highest mean value of grain yield (5.9 and 5.3 t/ha) and biological yield
(14.6 and 12.2 t/ha) followed by the rate of 288 N kg + 57.6 Kg K/ha which gave the highest
harvest index (40.2 and 43.4 %), respectively, while the lowest ones were observed with
adding 192 kg N + 0 kg K kg/ha in both seasons. These results are in the same line as those
indicated by Damon and Rengel (2008), William (2008), Kandil (2013), Faheed et al. (2016)
and Gomaa et al. (2016).

Table (4) resulted that there were significant interaction effects on some plant characters
i.e., grain yield, biological yield and harvest index (%) of maize, where the highest mean
value of grain yield (6.4 and 5.8 t/ha), biological yield (15.6 and 13.2 t/ha) were recorded
with fertilizing TWC321 with 384 kg N + 57.6 kg K/ha, but the highest value of harvest
index (41.1 and 44.1 %) was given with TWC321 + 192 kg N + 57.6 kg K/ha, respectively
in both seasons, while the lowest ones were obtained with fertilizing SC121 with the rate of
192 kg N + 0.0 kg K/ha during the two seasons.
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Table (4). Plant attributes of three maize hybrids as affected by potassium
fertilization forms and their interaction in both seasons.

| Season 2017 | | Season 2018
Artributes M=+ E- fartilizer (B} Maize kybrids (4) Averaza LSD.at .03 Maize hybrids (4) Averazz L5D. at 003
3] E)
5C.I0 5c12 TW.C 321 A B AB scw | scio | Twesal A B AB
41 13 18 33 29 11 12
(5] T8 L] 55 31 ] T a3
4.8 32 36 5.2 42 [ 30 4.6
Grain yisld a o = i Ex L i
(tha = -5: = 0 i 0 T T T :c 04 0
(3] 13 13 43 33 EE 37
3 31 (] 59 i3 g 38 53
[¥] (X 38 51 E] 31 a5
ik 1R 4.0 4.1 4 4,
11 [X 103 104 T8 ] v ]
T 130 51 137 7 15 T 113
T 123 50 131 10.1 ] 11 10
10 121 12 111 i ] i3 ]
Einlogical = < —
el I 120 153 23 141 ] 110 1
yield (plz) I a7 12 140 0 g |1 07 1.8 1iE
1.0 111 17 113 L8 [ 03 q
L] 123 T8 148 (%] 7 132 12
1T 1z 23 1z 93 119 0
i. izg 3.4 9.8 ii.0
369 3 5.9 36.2 & 2 k] 7
388 40.0 411 40.0 431 441 1
8.4 391 403 3913 41 422 4. 2.4
}hi-;a':! E] 388 75 375 34.7 42 40.9
index 395 a1z 406 404 - . 4249 442 42.0
) 39, 408 401 4n2 04 o 11 43 434 4. 1.4 5 !
373 3’7 145 382 40.7 416 419 414
403 391 41.0 ani 432 422 439 431
385 386 40.6 392 419 417 437 415
EER 391 185 413 423 425

The obtained results in Table (5) showed that disease incidence % of leaf blight on three
maize hybrids were significantly affected by combined nitrogen and potassium fertilization
rates in both seasons.

The results showed that there was no significant effect of disease incidence % for the
three maize hybrids, whereas the hybrid TWC321 had no leaf blight infestation % as
compared with the other two hybrids in both seasons. On the other hand, there was no
significant difference between the other two hybrids in both seasons. These results are in
agreement with those reported by Williams and Hallauer (2000); Kraja et al. (2000) who
showed that the difference of genotypes in disease severity was due to diversity in their
genetic makeup.

The results in the same Table show the effect of N + K fertilization levels on leaf blight
incidence (%) and disease severity %, where application of the rate at 384 kg N + 57.6 kg
K/ha gave the highest % of leaf blight incidence (%) and disease severity (%), while the
lowest % of was observed with adding 288 kg N + 0.0 kg K kg/ha in both seasons. The use
of fertilizers produces a more direct means of using nutrients to reduce the severity of many
diseases and together with cultural practices can affect the control of diseases (Marschner,
1995; Atkinson and McKinlay, 1997; Oborn et al., 2003). Nutrients can affect the
development of a disease by affecting plant physiology or by affecting pathogens, or both of
them. The level of nutrients can influence the plant growth, which can affect the
microclimate, therefore affecting infection and sporulation of the pathogen (Marschner,
1995). Also, the level of nutrients can affect the physiology and biochemistry and especially
the integrity of the cell walls, membrane leakage and the chemical composition of the host

Application of K can decrease Helminthosporium leaf blight severity and increase grain
yields in wheat (Sharma and Duveiller, 2004; Sharma et al., 2005). It has been shown that
K fertilization can reduce the intensity of several infectious diseases of obligate and
facultative parasites

Table (5) resulted that there were significant interaction effects on disease incidence (%)
and disease severity % of maize leaf blight, where the highest value of disease incidence (%)




66 Gomaal, M.A., et al.

and disease severity (%) was recorded with fertilizing SC121 with 288 kg N + 57.6 kg K/ha
in both seasons.

Table 5. Disease incidence and disease severity % of leaf blight on three maize hybrids
as affected by potassium fertilization forms and their interaction in both seasons.

Season 2017 | | Season JU1E
Attributes N + K- fertilizer (B Maira bybrids (A) Avenze LED at 003 Miaize hybruds (4] Avenazz LED at 005
5C.10 5121 TWC 321 ) A B AR 5.C.10 scle | Twesn (E) A B AB
102 kg N +0kg K'ha 43 373 - 048 7.0 03 - 237
T2 ks N+ 576 kg ol 13 33 B 438 BT 7
102 kg N+ 1152 kg Eha 1D 300 - 163 7 7 - 102
Disease 1T 78 100 - ] 110 a7 - 104
incidence % [ 28 a0, - 26.1 ns 20 | 124 83 413 - 283 us 113
[ K] - T 0.0 ] N 0
16, 267 - 7 300 50 N 265
[E] 320 - 147 o3 153 N [FE]
[} i3 - [N B3 5T 75
5 303 B 0.7 X} B
2 : 15.0 143 - 18.7 17.3 6.3 - 113
102 kg M + 576 kg Kb 30 40 - 143 6.0 N 16.7
102 ke N + 1152 kr Eha 307 10.0 - 0.4 303 12.0 - 112
Disegse | SSikeN 7 kg Kl 17.0 FEE] 302 1.0 453 N 311
. | BEkEN <3 823 133 - T8 a R 643 153 N 30.8 .
Sevmity % 1 133 200 - 16.7 e I 70 - 16.7 = e
N T3 337 0.3 113 W N 1.0
4 kp N+ 3 6kgRba 17.7 157 - 16.7 197 12.0 - 159
kg N+ 1152 kg Ea 17 110 - T4 53 123 03
Aweraze (A) 19.1 1.7 213

- ns.: not significant difference at 0.05 level of probability according to LSD.

CONCLUSION:

Yield and its components of the three maize hybrids were affected by N + K
fertilization. The highest value of yield characters was achieved when fertilizing TWC321
by the rate of N and K (384 kg N/ha + 57.6 kg K/ha) and no fungal diseases infestation with
this hybrid under Alexandria conditions.
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