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ABSTRACT

Two field experiments were carried out at Gemmeiza Agricultural Research
Station farm during 2000 and 2001 seasons to evaluate the effect of nitrogen zinc and
boron on chlorophyll content grain yield and its components as well as stover yield of
maize plant (Zea mays, L) C.v. Sc 10 . The most important results can be
summarized as follows :-

1- Chlorophyll a,b , total chlorophyll content, yield components , (i.e, ear
length , ear weight , ear grains weight, number of grains and row , 100 - grain weight ,
number , of ears / fed, ear yield ton / fed ., grain yield ton / fed . and stover yield ton /
fed.) werel significantly increased by increasing rate of N - fertilizer up to 120 kg N
/fed .

2- Increasing nitrogen fertilizer rates up to 120 kg N / fed . significantly
increased nitrogen concentration and its uptake as well as protein content .

3- Phosphorus and Potassium concentrations and its uptake were significantly
increased by applying 120 kg N/ fed .

4- Zinc application at 20 kg zinc sulphate / fed . showed significant increase in
values of ear weight , ear grains weight , number of grains / row , number of ears / fed
. ear yield ton/fed ., chlorophyll a,b, Phosphorus and Potassium concentration and
its uptake.

Application of 10 kg zinc sulphate / fed increased nitrogen concentration and its
uptake as well as protein content .

5- The effect of foliar boron application was not significant with the studied
characters except number of ears / fed .stover , yield in the first season and number of
ears / fed ., in the second one , as well as N .P . k concentration and its uptake.

From the aforementioned results it can be concluded that ,for high yield
production of maize nitrogen fertilizer and zinc sulphate must be applied at 120kg N
and 20kg zinc sulphate/fed.

INTRODUCTION

Raising the demand for food production and need for improvement the
agricultural products during the last decade of the 20 th century needs an
unprecedented spate of technological changes such as plant breeding |,
fertilizer , irrigation ...... etc . So , increasing crop productivity of the unit of
caltivated area has become the main goal of all workes in this field ,
especially under Egyptian conditions where the caltivated area is limited and
it decreases annuailly due to housing .

Nitrogen is a major nutrient — element and it is needed in large amount to
increase gowth and yield of maize .

Increasing maize growth characteristics due to nitrogen application was
reported by Kandil et al. (1984) , Gouda et al , ( 1993), Esmail and El -
Sheikh (1994 ) , Hassan ( 1995 ) and Abu - Grab et al . ( 1997 ) . They found
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that nitrogen fertilization had significant positive effect on number of green
leaves / plant , leaf area / plant. leaf area index , plant height , dry matter
yield and chiorophyll a , b and total chlorophyli

Also increasing nitrogen fertilizer rates significantly increased yield and
its attributes { Esmail , and El ~ Sheikh ( 1994 ) Soliman ef a/ (1995 ) . Younis
ef al(1995., ) :- Faisal et a/ . ( 1996 ) Badawi and El — Moursy { 1997 ) Atta -
Aiah (1998 ) and Salem, {2000 ) . Abdel Aziz et a/ { 1986 ) . reported that
ncreasing nitrogen fertilizer ievels led to increase N ~ uptake by corn plant in
kel grain and stover . Phosphorus uptake was also increased as the rate of
7 wogen was increased ( Hegab, 1990 ). As for potassium, Kandil, et a/ .,
i.984 ) showed that K, content in both blades and stems of corn plants was
s-gnificantly increased by increasing N — levels , while K percentage in grains

" was not affected .

Zinc functions in plants are largely associated with activity . It plays an
‘mportant role in protein synthesis from amino acids . ( Vallee and Wacker ,
1970 ) Dibrova ( 1978 ) found that application of 20 kg Zn / ha before
cioughing and 5 kg Zn /ha at sowing increased plant height , dry weight ,
ieaf area, number of ears by 6.6 — 16 .1 % and grain yield by 10.4-21.7 % .
‘fagshiev { 1974 ) Stiborova et al ( 1987 ) , and Kvyatkovskii { 1988 ) reported
that application of Zn increased chiorophy!l content .

El - Koumey (1998}, reported that application of Zn or B increased
ury matter yield and Zn or B content of plant or grains .
& am of present investigation is to study the fertilization effects of nitrogen,
Zr¢, boron and their interaction on yieid and yield attributes of maize crop .

MATERIALS AND METHODS

Two field experimenis were carried out at the experimental farm of
Gemmeize Agricuitural Research Station ( Middie Delta , Egypt ) . during the
two successive seasons 2000 and 2001 to study the effect of different rates
cf nitrogen , zinc and boron and their combinations on yield and yield
attributes of maize { cv sc 10 ). The soil of the experimental site was ciay
fcam  in texture and its chemical properties were determined according to the
s:andard methods reported by Hesse (1971} .

Ta&ie {1): Chemical analysis of experimental site .

iAnalysis 2000 2001
'PH (in 1:2.5 soil suspention 8.000 8.000
E . C. mmhos /cm 2.140 1.880
Crganic matter { % ) 2.000 2.050
Cacos (%) 3.800 3.500
Available N ( ppm) 33.500 30.000
Available P ( ppm) 8.8C0 8.000
Available K ( ppm) 440 450
Available Zinc (ppm ) 0.800 0.79
Available Boron ( ppm) 0.10 0.12
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The experiments were laid out in split — split — plot design with four
replications where .
N - level (main — plots ) as urea 46.5 % N
1- OkgN/fed.
2- 60 kg N /fed .
3- 120 kg N / fed .
Zinc - level ( sup — plots } as Zinc salphate .
1- Okg /fed.
2- 10 kg / fed .
3- 20 kg / fed .
Boron level ( sup — sup plots ) as boric acid .
1- OppmB.
2- 350 ppm . B Fcliar application .

" Grains of maize were sown in hills 30 cm apart within 70 cm between
ridges, the plot area was 21m? i. e. 6ridges x 5 m length . Sowing dates
were 21 st June in both seasons. The amount of each N treatment was
divided into two eque!l doses and added befor the first and second irrigation ,
respectively .

The amount of each Zn treatment was added to the soil befor the first
irrigation

After 21 and 35 days from sowing plants were sprayed with boron in the
from of boric acid at concentration of 350 ppm B .
The other different field practices were done on the usual manner for maize
production .

After 75 days of planting a representative sample of ear leaf was
taken from each experimental plot for chlorophyli determination using the
method described by Moran (1982).

Harvesting took place after 120 days form swing in both seasons .Ear
length, ear weight, ear grains weight number of row / ear , number of grains /
row , 100 — grain weight , number of ears / fed and ear yield ton / fed.

Total grain per plot was transformed to ton /fed. and adjusted to
15.5% moisture content . Stover yield ( a|r dried ) was recorded as ton / fed .
Samples of grains were over dried at 70 c then milled and kept for chemical
analysis .

Nitrogen was determined using the micro — kjeldhl method as described
by Chapman and Pratt ( 1961 ) . So protein % was computed by multiplying N
% by the factor 5.7 . Potassium was determined using a flam photometer
method . Phosphorus was determined calorimeterically according to Hesse (
1971 ) . Available zn was determined according to method of Lindsay and
Norvell ( 1969 ) .

All collective data were statistically analysed according to the procedure
described by Snedecor and Cochran (1967).
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RESULTS AND DISSCUSION

Chiorophyll content :

Data presented in Table 2 reveal significant increase in chlorophyll
a,b and total chiorophyill in maize leaves parallel due to the increase in
nitrogen applied rate from 0 to 120 kg N / fed . in both seasons. in agreement
with those obtained by Stocking and Ongun (1982.,) who reported that as
much as 90 % of total leaf nitrogen may be concentrated in chloropiast . The
obtained results agree with those obtained by Abu~ Grab et.al ( 1997 ) and El
~ Kabbany ,and Darwish (2002 )

Zinc application increased chlorophyli a,b, and total chicrophyllin
both seasons as shown in Table (2). The relative increases in chiorophyil a
were 4.829 % and 11.02 % for 10 and 20 kg Zinc suiphate / fed. respectively,
as compared to control . The relative increases in total chl . were 6.518 %
and 6.952 % , respectively , The relative increases in total chiorophyll were
5.221 % and 10.09 respectively as compared to control over the first season
.The corresponding relative increase in chlorophyti a, b and tota! chiorophyll
were 3.220 % and 8.241 %, 14.762 % and 13 %, and 5.839 % and 9.317 %,
respectively as compared to control, over the second season . Similar results
were found by Stiborova et a/ (1987). who reported that application of Zn
increased ieaf chlorophyil content of maize plants . Also Kvyatkovskii ( 1988 )
indicated that application of Zn showed positive action in the physiological
processes at the formation of chlorophyll .

Data in Table 2 show that the spraying of boron increased chiorophyll
a, b and total chlorophyll. But these increases were not significant.

Table 2: Effect of nitrogen zinc and boron on Chlorophyll contents
mg/dm? ) of maize plants .

first season Second season
Treatments Chi. A Chi.B Chi. A+B Chi. A Chi.B Chi. A+B
N. levei
Okg N.fed 3.225 0.930 4.155 3.206 1.008 4.214
60kgN. Fed 4.895 1.476 6.371 4.896 1.462 6.358
120kg N.fed 5.091 1.472 6.563 5.130 1.460 6.590
L.S.D5% 0.890 0.263 0.993 1.322 0.148 1.50
Zinc . level
Okg . fed 4.183 1.237 5.420 4.247 1.199 5.446
10kg . fed 4.385 1.318 5.703 4388 1.376 5.764
20kg . fed 4644 1.323 5.967 4,597 1.355 5.852
L.S.D5% 0.458 N.S N.S N.S N.S N.S
Boron — level
Zero 4279 1.257 5.536 4.278 1.255 5.533
350 ppm B 4529 1.328 5.857 4.544 1.401 5.945
F —test N.S N.S NS N.S N.S N.S
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Effect of nitrogen zinc and boron on yield and yield components of
maize :

Yield and yield components of maize plants as affected by N, Zn .
and B . treatments are shown in Table 3.

The results demonstrate clearly that the yield components of maize i.
e., ear length , ear weight, ear grains weight and 100 - grain weight were
significantly increased with application of nitrogen up to 60 kg / fed . in both
seasons whereas number of ears/ fed., ear yield ton / fed , grain yield ton /
fed .,as well as stover yield ton / fed . were markedly increased with the
highest rate of nitrogen applied i.e,, 120 kg N/ fed . in both seasons. This
increases in grain yield could be due to the increase in amount of metabolites
synthesized by plants. The relative increases in grain yield were 54.7 % and
78.3 % for 60 and 120 kg N / fed ., respectively, as compared to control , over
the first season, and 30.8 % and 42.0 %, respectively , as compared to
control over the second seasons. Similar trends were obtained by Younis et
al (1995) Esmail and El —Sheikh (1994) , they reported that increasing
nitrogen fertilizer rates significantly increases grain and stover yields .
Moreover . Abu - Grab et al (1997), and Salem ( 2000 ) reported that
moderate nitrogen rate 100 kg N/fed. produced the highest grain yield.

Table 3: Effect of nitrogen, zinc , and boron on yield and yield attributes

of maize.
First season
| Grain 100 Ear | Grain | Stover
Ear Ear Noof | Noot | - | Noof
Treatment'.'sL ,.Igms.ma,mmm
(em} | (g) Weight Ear row Weight fed
@ (g fed fed fed
| N-level kgN. Ned
Controt 17.3 | 2245 [115.14} 121 | 398 |38728| 12615 [ 2.800 | 1.357 | 5.090

60 kg (N.f fed ) 18.5 | 256.1 | 12528 12.1 408 [38.556[ 15144 | 4247 | 2100 | 7.768
120 kg (N./ fed ) 194 | 2722 (13872 12.30. | 42.00 | 39.222| 17921 | 4843 | 2420 | 7.968

L.S.D5% 1.3 17.5 21.7 N.S NS 0.995 540 1.866 | 0.407 | 0.790
Z- tevet
Control 18.1 2479 | 1217 | 121 43.1 38.00 | 15040 | 3.864 | 3.200 | 6.667
10 kg 18.5 | 2515} 1262 | 121 40.1 38.02 | 15337 | 3.998 | 3.261 | 7.020
20 kg 188 | 2533 | 1313 | 1230 | 403 | 3849 | 15304 | 4028 | 3.327 | 7.183
L.S.D5% N.S N.S 8.900 | NS [ 2230 | NS N.S N.S N.S N.S
Boron - level
Control 185 | 2513 | 1248 | 122 41.3 [37.819 14699 | 3.890 | 3.197 | 6.792
350 PPmB 184 25068 | 1279 | 121 41.0 [38.519 ] 15487 | 4.056 | 3.329 | 7.092
F ~Test N.S NS NS [ NS N.S N.S * N.S N.S *
Second season
[ N-fevel
Control 17.6 | 2315 |111.24] 122 41.8 379 | 13705 2960 | 1.518 | 6.197
60 kg (N./fed) 19.1 2523 (12498 | 127 43.7 40.2 | 15927 | 3652 | 1.985 | 7.328
120kg (N. / fed ) 19.7 | 2719 [131.22] 127 47.1 40.2 | 16669 | 3976 | 2.156 | 7.584
L.S.05% 1.14 39.5 8.1 NS 1.200 | 1.200 | 441 0.014 | 8.279 | 0.165
[ Z-evel
Control 18.7 } 2362 | 1160 | 128 425 39.5 | 14962 | 3.277 | 1.765 | 6.856
10 kg 18.8 | 256.7 [ 12594 | 128 457 |1 39.00 | 15488 | 3.800 | 1989 | 7.187
20 kg 19.7 | 2628 ) 12548 123 444 |39.800, 15853 | 3.510 | 1.906 | 7.087
L.S.D5% N.S 20.4 8.04 NS 18 NS 425 0.031 | 0.269 N.S
Boron - leve!
Control 19.00 | 249.2 |121.86| 12.4 43.9 39.2 [ 15285 | 3.516 | 1.870 | 7.088
350 PPM B 18.8 | 2548 |123.08| 128 446 39.7 | 15583 | 3.542 | 1.867 | 6.984
F—Test N.S N.S N.S N.S NS N.S * N.S N.S N.S
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+ Nitrogen application up to 120 kg N / fed . causced a significant
increase in number of grains / row for second season while the increase was
insignificant for first season . These results are in harmony with those
obtained by Atta — Allah ( 1998 ) and Salem (2000 ) .

Date reveal that no significant effect were obtained for increasing the
rate of nitrogen applied on number of rows /ear. Similar trends were obtained
by Hassanein et a/ ( 1997 ) Eisa ( 1998 ) and salem ( 2000 ) .

Zinc sulphate up to 10 kg / fed. causced a significant increase in ear
weight, grains weigh/ear number of grains / row number of ear / fed . ear yield
ton/fed. and grains yield ton/fed ., for second seasons but not with the first
season. These results are in accordance with those obtained by latif et al.
(1983 ) and Gyulakhmedov et al. ( 1984 ) .

No significant effect was obtained for increasing the rate of applied boron
on yield and its components of maize plant except number of ears / fed .,
stover yield in the first season and number of ears / fed. in the second
season. These results are in agreement with this obtained by El - Koamy
(1998).

Data of the interaction effects on the studied parameters were not
significant so discussion of such data were excluded

Table 4: Effect of nitrogen, zinc and boron on NPK and protein
content of maize plant.

First season
N P K
Treatmen -
. ts » N.Up-take | Protein o P.uptake ,/j K.up. take
° kg/fed | Conc % ° kg /fed ° kg / fed
N-level
Contro! 1.690 30.853 9.633 0.400 7.191 0.524 9.538
60 kg 1.810 52.152 10.317 0.402 11.522 0.532 15.355
120 kg 1.89 66.191 10.773 0.383 12.979 0.514 16.986
L.S.05% _ 3.261 0.573 _ 0.536 _ 0.691
Z-level
Control 1.823 48.139 10.391 0.398 10.424 0.513 13.144
10 kg 1.814 52.270 10.340 0.380 10.062 0.524 14,290
20 kg 1.758 48.842 10.021 0.404 11.206 0.527 14.446
L.S.D5% 3.180 N.S _ 0.570 _ 0.437
Boron - level
Control 1.834 48.792 10.454 0.385 10.197 0.522 370.01
350 PPmB 1.764 47.15% 10.055 0.403 10.931 0.524 383.813
F - Test - N.S * _ o - *
Second season
N-ievel N
Control 1.746 36.291 9.833 0.410 8.190 0.522 10.554
60 kg 1.803 49.339 10.279 0.407 11.060 0.539 14,733
120 kg 1.908 57.858 10.876 0.383 11.546 0.550 15.808
L.S.05% _ 2.988 0.235 - 0.678 - 0.766
Z-level
Controi 1.880 44,894 10.403 0.403 9.763 0.534 12.941
10 kg 1.815 51.853 10.334 0.386 10.505 0.516 14.034
20 kg 1.761 46.741 10.040 0427 10.535 0.532 14.065
L.S.D5% - 2.240 N.S _ 0.677 - 0.933
Boron — level
Control 1.842 48.802 10.500 0.393 10.302 0.522 13.793
350 PPMB 1.795 46.856 10.025 0.400 10.323 0.533 13.640
F - Test - L _ N.S _ N.S
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Effect of N, Zn and B on nitrogen , phosphorus , potassium and
protein content .

Nitrogen phosphorus and potassium uptake and protein content for maize
grains in both seasons gradually increased as the rate of nitrogen added
increased up to 120 kg N /fed . ( Table 4 ).

An increase in nitrogen uptake due to increasing the added nitrogen
was reported by Hegab (1990), also , increasing nitrogen rate led to increase
phosphorus uptake by maize plants (Hageb 1990 ).Kandil , et al, { 1984) who
reported that increasing nitrogen significantly increased K — content in blads
and stems of maize plants .

No significant effect was obtained for increasing the rate of applied zinc
on nitrogen content in maize plants . However , application of 10 kg ZnSOQ,
increased N content . It might be due to the effect of Zn in the formation and /
or the activity of the enzymes responsible for protein synthesis . Orabi and
Abdel-Aziz (1982) and Hulagur and Dangarwola (1983). found that zn
application increased total N in corn plants . Abou Hussien and Faiyed
(1996)found that application of Zn up to 16 ppm increased N, Z and
concentration and total amount uptake .

Data presented in Table (4) reveal thatthe content of phosphorus and
potassium in maize plant was increased significantly by increasing the rate of
zn up to 20 kg ZnSO, / fed. these results are in agreement with those
obtained by Orabi and Abdel -Aziz (1982).

Folior application of B increased N . P and K uptake while, it caused
slightly decrease or had no clear effect on NPK concentration.

These results are in agreement with the results of El- Koumey
(1998).

The interaction influence of nitrogen fertilizer rate and zinc level on
N.P.K and uptake in grain was generally significant in both seasons. Tabie §,
In this regard 120 kg N/ed and 20 kg zinc sulphate resulted in the highest
value of N.P and K in second season . But in first season 120 kg N / fed and
10 kg zin¢ sulphate produced the highest value of N.P and K - uptake

As for interaction between nitrogen fertilizer rates and boron, data on
Table 5 show that 120 kg N / fed and O boron significantly recorded the
highest N.P and K. up take in grain in both seasons .

Data in Table 6 aiso show the influence of the interaction between
zinc level and boron level on N, P and Kuptake by maize plants. In this
respect, 10 kg zinc sulphate and O boron significantly achieved the highest
N,P and K uptake in grains .

From the aforementioned resuits it can be concluded that, for high
yield production of maize nitrogen fertilizer and zinc sulphate must be applied
at 120 kg N and 20 kg zinc sulphate / fed .
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Table (5): The interactian effect of zinc and horon with different level of nitrogen fertilization on NPK and protein

content of maize plant.

| First season Second season
N P:0s K0 N P205 K
Treatments N. up- Protein N. up- N. up- N. up- | Protein N. up- N. up-
% Jtake kg! conc. % % takekg | % ([takekg| % [take kg{ conc. % |takekg| % [takekg
fed. : fed. Hfed Ifed, % Ifed. Ifed.
X zinc
) 1773 | 33351 | 10107 | 0413 7725 | 0617 | 8016 | 1773 | 232088 | 10.108 | 0405 | 7.240 | 0547 | 967
10 1865 | 28238 | 0401 | 0.408 6347 | 0668 | 10721 | 1666 | 43422 | 0401 | 0413 | 9505 | 0518 | 11736
20 1628 | 32070 | 0281 | 0372 7602 | 0486 | 09829 | 1831 | 33383 | 09300 | 0383 | 7844 | 0500 { 10.266
] 1.743 | 45014 | 0037 | 0423 11623 | 0540 ] 14030 | 1742 | 44134 | 0028 | 0432 | 10980 | 0632 | 13.5%7
o 10 1478 | se.00a | 10708 | 0362 11006 | 0488 | 16061 | 1873 | 66496 | 10678 | 0368 | 11.119 | 0523 | 15.765
20 1806 | 51.447 | 10280 | o0.422 11.046 |o0688 | 16085 | 1796 | 47.386 | 10.232 | 0420 | 11.072 | 0.666 | 14.900
0 1953 | 85153 | 11.134 | o0.360 12023 | 0483 | 18.437 | 1060 | 68481 | 11.172 | 0373 [ 11.068 | 0626 | 15.614
20 10 1.808 | 71478 | 10.820 | 0372 12742 ;0517 ] 17100 | 1907 | ss.e30 | 10868 | 0378 | 10801 | 0507 | 14.602
20 1840 | 62.107 | 10488 | 0418 14.172 | 0627 | 17.422 | 1857 | 69.466 | 10688 | 0478 | 12600 | 0532 | 17.040
.S.D5% 6517 NS 0.088 0.767 3880 | 0727 1.674 1.6%9
x boron '
0 1732 | 32043 | 0874 | 0380 7060 [0600| 8203 | 1738 | 36450 | 0803 | 0389 | B.145 | 0603 | 10.383
350 1650 | 28.043 | 08405 | 0.414 7932 |084p; 0783 ) 1768 | 36142 | 0373 | 0412 | 8247 | 0540 | 10.527
0 ) 1782 | 49.834 | 10169 | 0.400 11.066 | 0.548 | 15476 | 1781 | 48.140 | 10.162 | 0408 | 10878 | 0537 | 14.439
3s0 1836 | 54.671 | 10463 | 0.404 11.987 | 0617 | 16635 | 1826 | 60.627 | 10406 | 0407 | 11.241 | 0542 | 15.024
2 o 1089 | 70421 | 11330 | oar7 12484 [ 0618 | 16844 | 2000 | 61.818 | 11464 | 0383 | 11.882 | 0527 | 16.334
350 1.807 | 62370 | 10.208 | 0300 13474 o600 | 17.228 | 1807 | 63807 | 10208 | 0380 | 11.200 | 0516 | 15.169
L.S.D5% 4.608 NS 0.808 0.618 3168 | 0583 1.283 1.319

&
3
>
>
»
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Table (6): The interaction effect of zinc and boron on NPK and protein content of maize plant.

First season . Second season
N P20s K0 N P.0s K20
Treatments N. up- Protein N. up- N. up- N. up- |Protein N. up- N. up-
% [take kg/ conc. % % |takekg| % |takekg| % [take kg| conc. % |takekg| % [take kg
fed. - Hed. Ied ed. % Ifed. ifed.
Zinc x boron
0 0 1.801 | 45529 | 10.266 | 0361 | 9552 | 0510 | 12731 1.736 | 42698 | 10272 | 0.388 9.136 0.508 | 11.805
350 1846 | 50.750 | 10520 | 0.417 | 11.295 | 0573 | 15949 | 1756 | 47.089 | 10532 | 0419 | 10390 | 0536 | 13.975
10 0 1911 | 57.491 | 10893 | 0379 | 10313 | 0506 | 13384 | 1781 | 55806 | 10950 | 0383 | 11.088 | 0509 | 14.682
350 1717 | 47050 | 9785 | 0381 | 9810 [ 0487 | 12500 | 1856 | 47.900 | 9.741 0.389 9.941 0.570 | 13.388
20 o 1790 | 48.778 | 10.203 | 0397 | 10.723 | 0550 | 14987 | 2000 | 47.903 | 10.276 | 0407 | 10.702 | 0550 | 14.569
350 1726 | 48905 | 8836 | 0411 | 11.689 | 0504 | 14109 | 1806 | 45579 | 9.803 0.448 | 10368 | 0492 | 13.601
L .5.D5% 4.505 0.263 0.806 0.618 3.168 0.593 1.285 1318

© gooz ‘Areniqed ‘(z) 82 “Muf BINOSUBW IS ouby r
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