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ABSTRACT

Two field trials were carried out during the summer seasons of 2000 and
2001at Abshawai , El- Fayoum Governorate , Egypt in order to study the response of
grains yield and yield components of two corn crosses ( Single cross Bashaier-13 and
Three way cross-310) to soil potassium fertilization ( Zero, 50 , 75 kg K20 / fad.) and
foliar fertilization with 1 liter and 2 liter / fad of liquid solution of potassium 36 % KO.
The results indicated that the two maize hybrids were significantly different in their
growth and some growth parameters and also yield and yield components .Single
cross Bashaier-13 gave the highest grains yield and other yield components
compared to the Three way cross-310. Application of K fertilization either soil or foliar
application increased the plant height, dry weight / plant, leaf area and leaf area index
at ali growth stages. Grains yield and yield components were also significantly
affected due to K fertilization. In both maize hybrids increasing K fertilizer rate either
soil (75kg. / fad) or foliar (2L / fad) increased the grains yield and yield components in
comparison to other K treatments. Single cross Bashaier-13 recorded the highest
grain and straw yields / fad. Such increases estimated by 1.02 and 0.91 ton / fad
when K fertilizer was added at high rate of foliar application in the first and second
seasons, respectively. However, the treatment Bashaier- 13 + 75 kg. K:O gave the
greatest yield and its components.

Keywords: corn crosses, potassium fertilization, yield components.

INTRODUCTION

Maize (Zea mays L.) is a major crop in summer season in Egypt. The
reports on the responses of maize to foliar fertilization were inconsistent
(Barel and Black, 1979). Among the different methods of k-application, foliar
application has attracted considerable attention in recent years become it
insures quick and adequate k-supply for plants at yield formation. Montanee
(1989) concluded that through k-supply in the soil was adequate, a single
foliar k-application during tasseling stage increased yield and sweetness of
super sweet corn. Application of potassium nutrition improved grains setting
and increased the yield and yield quality of wheat (Beringeer, 1980 and
Abou- El- Defan et al, 1999), consequently insurance of adequate supply of
potassium during flowering and ear formation of wheat in sandy soil leads to
increasing crop and quality of grains. Oosterhuis et al (1990) reported that the
plants receiving both soil and foliar k-application or applied k alone gave
higher seed yields than untreated plants. Therefore, the purpose of this study
is to investigate the effect of methods and a rate of potassium application on
yield and yield components of two maize hybrids.

MATERIALS AND METHODS
A field trials were carried out during the two summer seasons of
2000 and 2001 at Abshawai region, El-Fayoum Governorate in order to
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studying the response of two maize crosses to soil and foliar k-application on
yield and yield components. Split-plot design with four replications was used.
Maize crosses were arranged in the main plots. The following two maize
crosses were obtained from El-Fayoum Agricultural Administration (Extension
sector):

1.Single cross Bashaier-13 (SC. Bashaier-13).

2.Three way cross =310 (TWC-310).

Potassium treatments were randomly distributed in the sub plots, soil
application was added before sowing and the foliar application was done
twice at 35 days Plant age and before tasseling stage. The experimental unit
area was 10.5 m® (3.5 m length and 3.0 m width). The potassium treatments
were as follows:
1.Without potassium application (control).
2.Foliar potassium application at a rate of 1 liter / faddan (Foliar-1).
3.Foliar potassium application at a rate of 2 liter / faddan (Foliar-2).
4.Soil potassium application at a rate of 50 kg. K,O / faddan (Soil-1).
5.Soil potassium application at a rate of 75 kg. K,O / faddan (Soil-2).

Soil and foliar potassium fertilization supplied from Potassium sulphate
(50% K,0), meanwhile, foliar potassium was applied as commercial aqueous
solution of potassium (36% kz0).

Before sowing a representative surface soil sample (0-30 cm depth)
was taken and the physical and chemical characteristics were determined
(Table 1).

Table (1): Physical and chemical analysis of the experimental site.

Parameter Value Parameter Value
Particle size distribution
Coarse sand % 20.0 Organic matter % 0.84
Fine sand % 32.5 Calcium carbonate % 20.9
Silt % 20.0 Available N (ppm ) 74.0
Clay % 27.5 Available P (ppm) 4.0
Texture: Sandy- clay-loam Available K (ppm ) 0.10
E.CdSm™ at 25 °C (1:5) 29 pH (1:2.5) 8.02
Anions (meg /1) 1:5 Cations (meq /) 1:5
CO;y” = ca- 7.50
HCOy 4,04 Mg™ 6.64
cr 13.0 Na’ 15.62
SO 13.0 K’ 0.28

Grains of maize hybrids were sown at June 15 in the two successive
seasons at 25 cm between hills. After 21 days from sowing, hoeing was
practiced and the plants were thinned to secure cne plant / hill till
harvest.Phosphorus fertilizers were added to soil before sowing at a rate of
200 kg. / faddan of calcium superphosphate (15.5% P,0s ). Nitrogen fertilizer
was added at a rate of 120 kg. N / faddan supplied from ammonium nitrate
(33.5 % N) in three equal doses, the 1* at 21 days from sowing, the 2 nd after
3 weeks later and the 3™ before flowering stage )

The foliar application of potassium fertilization was applied twice, the
1* at 35 days from sowing and the 2™ before tasseling stage. At 50, 65 , 80
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and 95 days stage representative samples were taken to determine some
growth and growth parameters as follows:

* Plant height (cm.).

* Dry weight / plant (gm.).

* Leaf area / plant (cm.).

* Leaf arez index.

Plants were harvested at 110 days from sowing in the two successive
seasons and the following data were estimated:
* Grains yield / plant (gm.)

* Ear length (cm.)

* Ear diameter (cm.)

* Number of rows / ear

* 100- grains weight (gm.)
* Straw yield (ton / fad)

* Biological yield (ton / fad).
* Harvest index.

The obtained data were subjected to statistical analysis of variance
according to Snedecor and Chocran (1967), and the combined analysis of the
results of two seasons were done according to Steel and Torrie (1960),
treatments means were compared using LSD test at 5% of probability.

RESULTS AND DISCUSSION

I. Growth and growth parameters

Data in Table (2) show that maize hybrids were significantly differed
in their plant height, dry matter accumulation, leaf area / plant and leaf area
index at 50,65,80 and 95 days after planting. The single cross Bashaier- 13
recorded taller plants at different growth stages than Three way cross —310.
Such increases in plant height in single cross estimated by 29.85 cm. as
average of all growth phases. The superiority of single cross plant in plant
height mainly attributed to their genetic constituents. The differences between
corn varieties were reported by Kumar et al (2002), they found that the early
composite variety produced significantly taller plants compared to other corn
hybrids.

Dry matter accumulation was also significantly increased in single
cross plants at all growth stages, the increase in dry matter estimated by 9.0
% as average of all growth stages. The increase in dry matter production in
single cross plants at different growth stages may be due to the increase in
plant height and in photosynthetic surface single cross compared with the
Three way cross i.e leaves area / plant and LAl (Table 2).

Data also cleared that in both corn crosses leaf area / plant (LA) was
gradually increased up to 80 days after sowing, but at later stage (95 days)
the LA was depressed in the two corn hybrids. The reduction in leaf area /
plant at later phase mainly due to the reduction in number of leaves an dry
weight / plant at later growth phase. However, the single cross Bashaier-13
recorded more LA at different growth stages than other corn cross (TWC-
310), and the differences among them were significant. Leaf area index (LAl)
was also increased significantly in single and Three way cross at all growth
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phases, but the single cross recorded the highest values at all growth stages
compared to the Three way cross-310. The superiority in LAl of single cross
variety attributed to the increase in their leaf area at different growth phases
(Table 2).

Data in Table (2) show that, in general increasing K- application rate
either foliar or soil application increased the plant height, dry weight and leaf
area / plant, as well as, leaf area index at all growth stages. The increase in
plant height due to K- fertilizer either foliar or soil application estimated by
18.28 and 33.43% at foliar-l (1L /fad.) and foliar-2 (2L / fad.) and by 11.21,
18.92% at soil-1 (50kg / fad.) and soil-2 (75kg./ fad.) in comparison to
untreated plants as average of all growth phases, respectively. However, the
plants received K fertilizer at a rate of foliar-2 recorded the highest increment
of plant height followed by adding K fertilizer at a rate of soil-2.

Data also show that the dry matter production at different growth
phases were significantly increased due to K fertilizer either foliar or soil
application. Such increment in dry weight / plant estimated by 36.99, 53.66
gm in foliar-1 and foliar-2 and by 2562, 37.38 gm in soil-1 and soil-2
compared to the treatment had no K fertilizer as average of all growth stages,
respectively. However, the lowest increment in dry matter was recorded when
soil K fertilizer was added as soil application at low rate (50 kg. / fad.)
compared with 75 kg. K;O / fad and a rate of 1L / fad compared with 2L / fad
as foliar application. Such enhancing effect may be attributed to the influence
of K on some physiological functions such as carbohydrate metabolism and
formation, breakdown of starch and translocation of sugars. In addition,
potassium may control and regulate the activities of various essential
elements and activate many enzymes which in turn affects plant growth and
yield (Deb et al, 1976 and Zhunusov and Baimaganova, 1976). These resuits
were also supported by Hogh- Jensen and Pedersen (2003).

Leaf area / plant and leaf area index were also significantly affected
by K fertilization, further increment in K fertilizer at a rate of foliar and / or soil
application resulted in an increase in leaf area and leaf area index at all
growth stages. However, addition of K at a rate of foliar or soil-2 recorded the
highest values of LA and LAl in comparison to untreated plants and also to
other K treatments. Such increases in LA / plant may be attributed to the
increase in plant height and dry matter production at the same K treatments
(Table 2). These results are in line with those obtained by Ling and
Silberbush (2002). However, other studies reported that through K- supply as
foliar affected maize by stimulating chlorophyll synthesis and not by
increasing leaf area.

Data in Table (3) revealed that the studied growth and growth
parameters were significantly affected by the interaction between corn
crosses and K fertilization at all growth phases. Plant height and dry matter
accumulation recorded the highest increment at 95 days stage when both
maize hybrids received either K foliar or soil-2 application. These results were
confirmed by the results obtained by Hogh- Jensen and Pedersen (2003),
they reported that the increase of dry matter accumulation depends on
species under moderate K-soil condition of barley.

5424



J. Agric. Sci. Mansoura Univ., 29 (10), October, 2004

¥00 | €00 | 200 | LOO LL'9EL LEOCL (A4 ov's 8Ll 252 ez’ ar'e 81 iT'} Loe l0¢ %S dS1
L0Z | 262 | 9Lt |11 | 95'129¢E S2'19¢S 95'9/LE CP'o0Le | ELLLE | LL'EPZ | 92'80L LS'vL | SPOVE | Z26°€0Z |GL'BLL| SZ'LGL L2
IE'L | G8°Z | 69L | ZL'L | 98'ZorE CL'ECLS Z.'980€ LL'E2OZ | Z1°LOE | 25°0E2 LL'L6 LL'v9 | P2OFZ | 9¥'66L |6L'8OL| LL'ZVL 1%}
9Z'C |€0E | ¥B°L | 02'L | LZ2'G96E LL'2ObS L9°0lEE LE'Z9LZ | 9S'IEE | 1€'262 [ €2GLL | BL'B8 | ¥9's9Z | 2e'81Z [c€Z66G1 SLpSL ZA|0LE "OML
20T | 962 | 08'L | SL'L | ZZ'SZLE CT'L2ES i'9cze C¢S'EL0Z | es2Zie | 126e2 | L0bOL | 2989 | Lzwvvz | 1e60Z [1Z'0BL 34448 LM
GLL |09Z | 9L | LL'L | €ZEIZE €2°CTL9v EL°Z00€ | Z9'€00Z | 92092 | €v'2LL 18'G8 €165 | 29€2Z | vL'G8L |60'GOL| BL'BEL oM
ZPZ | 9vE | PE'L | SZ'L | LLZSEY £9'2229 GO9ELEY lgoree | 15°2Z¢ [ 15292 | 2soLL | ese8 | Letoe | zz'zez |6L'2LE e85t 12,
GE'Z |9¥E | 6ZC | 6L'L | ZZLECY AR 445 25 LZLy | sovelz | zLole [ overz | L9toL | 9zve | z2 262 LS'GZ2 [BLV'EOZ| L2051 €N 3 §
€97 | 8SC | 6PC | 6E'L | OGTELY Zy LEVD LZ'98br | 96'€6VZ | 9v'6bE | Ze86Z | 92'92L | pS'96 | Zo'ole 61°LSZ | LL'EZZ| L1'S9L ¢)| Jaleyseg
B | LSE | LPT | LEL | ZLELPY (A4 TA%:] LOSPEY | 09'C9EC | Z¥'2ZE | 92142 | 8L PLL LL'S8 | Z2'86Z | LL'SEZ |Z¥'SOZ| LEESL M 95
¢ZT |eEE |9z | erL | SZ'LOOY LL'2009 GZ'890F | 9274202 | 91'S6Z | 9EE€BL | ZZ'66 LV'€9 | OE'LSZ | 8L'BLZ |0E'G6L| ZZ'8PI ()]
S6 08 G9 0§ S6 08 G9 0S G6 08 G9 0S 56 08 59 0s S|aA9)|
(v ) xepuy eaie jeoq (ueid;,ws ) eaie jeaq (3ueid 7 wb ) wblem Kig (wo) wbiay yuerg I o) B
(‘e3ep pajood 3
$9SS0J0 U10D oM} jo sidjawesed ymolb swos pue ymosb uo uonezipuay wmssejod jo 10913 :(g) siqel ai
"('Pey / 0% "B% 52 ) uoneaydde jlos:py ‘(‘pes 1 0¥ "B 0g ) uoneandde 1og:gy
("pey 7 J2uiz ) uoneaydde — y sejjo 1z ("pey\ oy | ) uopeaydde — y Jegjog Ly "UOIIEZI11I3) ~ Y INOUIM :0M
800 S00 200 200 LL'EC) LO'S6 ¥z oy ¢2'GS €1 LL'S £y L0E | 354 (444 L0€ lEC %S AdS1
(444 6L'E 50T A v1'/B6E v6 LE.LS LL'G69E | 6£9LLZ | L96lE | #8252 | 6€60L | 2618 | 88 €ZC L8°L12 |LL'S6L] 62 #S1 12
vLe ZL'E 66°L Sh'L r0'L¥8E C6'EZ9S | Z1'28G€ | 88'8.0Z | 26'80E | pEBEZ 9t 66 6169 | 8992 | 6¥'CLZ |69G8L| 22 9Vl EX
Zv'e LEE ZL'e 62} 68'8VEY LL6V6S | 6V LO6E ¥9'0EET LS'OvE | ge'sLe | SL02L [ 9¢26 | £L162 | 82282 [Z1 11Z| 997651 4]
82T vZ'E (%4 €T’L 29'8.0F ZZ'EZ8sS L6'06.€ 90'8LZZ | 8¥'/LE | 6¥'8SZ | €b'60L | /892 | 22122 | vZ'0ZZ |28 861 98 8¥1 X
00¢ 26'C AN Zl’l Sk'209¢ LL'LEES | G9'LEGE 695102 LL'L1Z | 06241 ¥S'L6 SL'L9 | or'o¥Z | 9L'202 |0Z'08L| 0Z'EVL ()]
00¢ 18T GL'l SL'} 0L Z6GE LL'8OLS | POPSLE 08'vZ0C | 22'S0€ | €9'22Z | 0L'20L | 160L | €O'vrZ | 98 20E LL'8LL]| 2091 A
Zve abr'e 9t Ge'L L6'8SEY | 0£2229 | 9zZ'8ver S0'€SZZ | 66'6LE | 26'€5C | 6F'OLL | 8918 | €2'€62 | S8'EEC |¥B 202 90'G5} LA
S6 08 S9 0S5 S6 08 G9 0§ S6 08 G9 0S G6 08 G9 05
(1v1) xapui eaie jea (ueid\ /o ) ease jea (wued 7 wb ) yubrem Kig {(wo) yubiay jueig MR

(e1ep pajood) “siajowiesed yymoib awos pue ymoib uo uonezi|ijiay winissejod pue sass04d U109 Jo 103)3 :(Z) o|qeL



Amal G. Ahmed and B.B. Mekki

Leaf area / plant and leaf area index were significantly increased at
different growth stages due to the interaction between two maize hybrids and
potassium treatments. In general, LA and LAl were gradually increased up to
80 days stage, whereas it declined at 95 days stage (Table 3). In both corn
crosses application of K fertilization either foliar or soil-2 resulted in an
increase of leaf area and leaf area index at 80 and 95 days stages, however
the highest leaf area and leaf area index were recorded at 80 days stage with
the single cross Bashaier-13 under the soil fertilization at a rate of 75 kg.K;0
/ faddan.

Il. Yield and yield components

Data in Table (4) revealed that the two maize hybrids were
significantly different in their yield and yield components. Single cross
Bashaier-13 produced more grains yield / fad. than the Three way cross-310.
Also within single and Three way crosses, yield attributes such as ear length
and diameter, number of rows and grains / ear, as well as, 100- grain weight.
Straw and biological yield and also the harvest index were significantly
different in the two maize crosses. Single cross Bashaier-13 was superior in
grains yield the other cultivar TWC-310 by 0.33 ton / fad. Such superiority in
grains yield of single cross cultivar may be due to the increase of some yield
components such as grains / ear and 100- grains weight (Table 4). As these
two corn hybrids were grown under the same agronomic practices, it can
deduce that variations between cultivars in yield and yield attributes are
genetic dependent and dependent on the productivity of the parents of each
cultivar. In this connection several investigators reported that maize cultivars
are greatly differed in their yield and yield components (Bedeer et al, 1986;
Ahmed, 1989; Basha, 1994, Mekki and El- Sayed, 1998 and Kumar et al,
2002).

Table (4):Effect of con crosses and potassium fertilization on yield and
yield components of two corn crosses( pooled data ).

Ear ) Ear o o lGrains VGrains 100 - 'Straw Biological Hafvest
Treatments | length | diameter WS o yield / ear|yield ( ton| grain wt. |yield ( ton|yield ( ton Abiax
cm. cm. gm. /fad.) gm. /fad.) /fad.)
SC.
Bashaier 13 26.46| 6.02 16.15 | 142.34 313 37.34 6.65 9.78 31.95
TWC. 310 [23.81| 5.39 16.11 | 127.36 2.80 30.56 6.38 9.18 30.48
KO 23.26| 485 14.11 | 114.38 2.52 26.00 5.99 8.51 29.58
K1 25.20| 6.00 15.98 | 132.21 3.03 33.16 6.60 9.63 31.46
K2 2763| 6.57 16.82 | 152.55 3.36 40.57 7.03 10.39 | 32.31
K3 2426| 534 15.13 | 13222 1 292 32.67 6.93 9.35 31.23
K4 25.35] 5.79 16.10 | 136.89 3.01 35.37 6.59 955 | 3151

LSD 5% 1.30 | 0.72 0.88 1.37 0.03 2.06 0.02 0.20 | 0.10

Data in Table (4) also show that, in general, increasing foliar or soil K
application rate significantly increased grains and straw yields, as well as,
yield components. Also biological yield and harvest index were significantly
increased due to increasing the rate of foliar or soil K application compared to
the treatments had no K fertilizer. Using the high rate of foliar K application
resulted in an increase of grains yield and yield components compared to
other K treatments, except 75 kg. K,;O / fad. treatment. Such increases in

5426



J. Agric. Sci. Mansoura Univ., 29 (10), October, 2004

straw and grain yields estimated by 0.84 and 1.04 ton / fad in comparison to
untreated plants and by 0.44 and 0.10 ton / fad compared to the treatments
received low soil K fertilizer (50kg.). However, increasing soil K fertilization up
to 75 kg / fad significantly increased the grains yield / fad, grains / ear as well
as , number of rows / ear, therefore the other yield components were not
significant. The increase in these traits may be attributed to the role of K on
some physiological functions such as carbohydrates metabolism and
formation, breakdown of starch and translocation of sugars. In addition
potassium may control and regulate the activities of various essential
elements and activate many enzymes, which in turn affects yield ( Zhunusov
and Baimaganova, 1976). These results are in agreement with those
obtained by Montanee (1989); Suwanerit and Sestopukdee (1989); Bordoli
and Mallarino (1998); Abu El- Defan et al (1999) and Borges and Mallarino
(2001).

Data in Table (5) revealed that the grains yield and yield components
were significantly affected by the interaction between maize hybrids and
potassium fertilization, except harvest index (HI), it was not significant. In
both maize crosses increasing K foliar application rate resulted in an increase
in grains yield and yield components compared to the treatment had no K
fertilizer. The single cross Bashaier-13 recorded the highest values of grains,
straw and biological yields, as well as, the other yield components. Such
increases in grains and straw yields in single cross cultivar estimated by 1.02
and 0.91 ton / fad when K fertilization was added at high rate of foliar
application, in the first and second seasons, respectively.

Table (5): Yield and yield components of two corn crosses in response
to potassium fertilization (pooled data).

K Ear Ear No. of | Grains (‘;';:';;’ 100 - ‘:::T: Bilo;?g:ica HaFvaat
Cultivars lovels length | diameter | rows / | yield / (ton/ grain (ton/| (ton/ fhidax
cm. cm. ear |eargm. fad. ) wt. gm. fad. ) fad. )
KO 24.30 5.20 14.50 | 118.15 260 | 28.83 | 6.24 8.84 29.41
SC. K1 26.22 6.30 16.75 | 145.23 3.20 | 39.12 [ 6.75 9.95 32.18
Bashaier K2 29.94 6.92 17.23 | 169.36 3.62 | 4352 | 7.15 10.77 33.61
13 K3 25.90 5.75 15.75 | 139.43 3.07 36.23 | 6.51 9.58 32.04

K4 26.94 5.95 16.50 | 14451 | 3.18 | 39.01 [ 6.60 9.28 32.52

Ko | 2221 450 [13.22 ] 11061 | 243 [ 2317 | 574 8.17 29.74
Ki 2412 | 570 [ 1521 ] 13018 | 2.86 | 31.19 | 6.44 9.30 30.75
TWC.310 | K2 | 2532 | 622 | 1640 [ 14073 | 310 [ 3762 | 690 | 10.00 31.00
K3 | 23.11 492 | 1450 | 126.11 | 2.77 [ 29.11 | 654 9.11 30.41
K4 | 2425 562 | 1570 | 129.16 | 2.84 | 31.72 | 6.47 9.31 30.50
LSD 5% 0.21 0.06 043 | 253 0.06 | 0.11 | 0.03 0.02 N.S

KO: Without K - fertilization. K1: Foliar K - application ( 1 liter / fad. ).
K2: Foliar K - application ( 2liter / fad. ).

K3:Soil application ( 50 kg. K;O / fad.). K4:Soil application ( 75 kg. K;0/ fad.).
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