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ABSTRACT

Response of maize to 90, 105 and 120 kg Nfed was examined after faba bean (F),
wheat followed by manuring with sugar beet tops (B} and sugar beet (By) at Agricultural Research
Station, Alexandria University during 2000/01 and 2001/02 seasons. F exceeded By in plant
height by 43.9 cm, ear leaf area by &7cm? and grain yleidlfed by 5.1 ardab. Corresponding
increases of B compared to Bg were 17.2 cm, 12.0 cm? and 2.4 ardab for the three traits,

respectively.

Nitrogen fertilizer level had significant effect on grain number/ear, ear grain weight, 100-
grain weight and grain yvieldffed. As an average of the two seasons, application of 12u ng NAed
gave 76.25 grains, 29.45 g, 4.20 and 5.02 ardab as corresponding increases in those traits,
compared to 90 kg N/fed level, respectively.

Response of grain yield to N apptication up to 120 Kg Nffed was significant, and the
increase in grain yield for every 1 kg NAffed increase was 0.17 ardab, as an average of the two
seasons, as indicated by the linear regression of yield on N application.

Perfect and significant correlation coefficient {r = 1.0} was found when 100-grain weight
was comrelated to ear-leaf area and grain yieldfed. Correlation coefficients between grain yield
and each of plant height, number of leaves/plant, ear leaf area, grain number/ear in addition to
grain yield had r values that ranged from 0.70 1t01.00, and from 0.80 io 1.00 during the two
seasons, respectively.

The obtained data reveaied the importance of sugar beet lops as green manure in
decreasing the dependence on mineral nitrogen fertilizers and, hence, improving environment
through decreasing soil poflution, in addition to decreasing hazards for hurman heaith.
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INTRODUCTION

Increasing food production to abide with needs of human beings has
been a surge of multiple cropping and land use intensification (Francis, 1986).
Growing two crops in sequence in one year has been the most common multiple
cropping practice (Narwal and Malik, 1989) and may be a subject of interest for
yield increases. Benefits as a resuft of crop sequence were documented in
many studies (Danso and Papastylianou, 1992, McCuilough et a/ (1994) and
Khalil et a/ (1999 and 2001). They all reported that differences in the root
growth habit of crops grown in sequence led to the soil aeration correction,
which in turn resuits in better use of underground soil resources at different
depths leading to the production of greater yields.

The value of legumes as preceding crops comes from the contribution
they make to the yield of following crops (Narwal and Maiik, 1989) through the
soil residual organic N and improvement of soil physical characters. Danso and
Papastylianou (1992) pointed out that the beneficial effects of legumes,
compared to non legumes, on the succeeding crops were due to the legume-N
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low uptake and N-carrying over from the legume residue to the subsequent non
legume crop. Khalil et al. (1999 and 2001} indicated that sowing maize after
faba bean surpassed its cultivation following fodder beet in plant height, ear leaf
area, ear grain yield, 100-grain weight and grain yield/fed. Soil incorporation of
sugar beet tops represents an organic N-source which contributes to and
reduces the amount of applied inorganic N to the following crop (Abshahi et a/,
1984 and Khalil, 2003). Nevertheless, there were less information regarding
sugar beet tops benefits and use as green manure for the following crop.
Draycott (1972) and Abshahi et al (1984) reported that the residual N from beet
tops incorporation into the soil amounted to 18-62 kg/ha.

Nitrogen is an important nutrient for crop longivity; it is necessary for
synthesis of biochemical constituents that provide yield producing processes
{Sinclair and Horrie, 1989). McCullough et af (1994) and Uhart and Andrade
(1995a) indicated that nitrogen had greater influences on the leaf expansion and
leaf area duration which were reduced by scil N-deficiency. Restrict in light
interception and conversion into assimilates, as a consequence of a lack of N
supply, indirectly reduced ear dry maiter and grain productivity per cultivated
unit area through reductions in the number and weight of the kemei (Tollenaar
et al, 1992 and Uhart and Andrade, 1995b). In Egypt, Selim and El-Sergany
{1995) indicated that increasing N rate up to 120 kgffed increased 100-grain
weight and grain weight/ear in addition to grain yield/fed. Furthermore, Lory et
al. {1995) concluded that total- N uptake response to fertilizer N application in
maize was dependent on the previcus crops.

This investigation was conducted to study the response of maize growth,
in addition to grain yield and its attributes, to the applied N levels after different
winter crops.

MATERIALS AND METHODS

A field study was conducted during 2000/01 and 2001/02 seasons at
Agriculture Research Station, Alexandria University. Scil properties of the
experimental site were clay-shell type, pH = 8.2, totai organic matter = 1.2%,
available N, P and K values were 33.4, 10.2 and 608.3 ppm, respectively.

The preceding winter crops, i.e. wheat (¢cv. Giza 168), faba bean (cv.
Giza 461, F} and sugar beet {introduced polygerm cv. Beta Poly, By) were sown
on 10111, 1510 and 10/10 in 2000/01 season, and on 20/11, 1/11 and 15/10 in
2001/02 season respectively. Harvesting of winter crops was conducted on
10/5 and 15/5, 1/5 and 4/5, and 10/4 and 15/4 for the three respective crops in
the two seasons respectively. Sugar beet tops were removed and stored in
sealed black polyethylene bags for 30 days befare incorporation in the soil of
plots grown with wheat prior to maize sowing (B} Maize (cv Giza 310, 3-way
cross) was sown on 15/5 and 20/5 in the two seasons, respectively

Previcus work carried cut by the authors {unpublished data) included
storage of sugar beet tops for 0,1.2 and 3 months before incorporation into soil

Vol 9(4) 2004 900



_. J Adv Agnc Res (Fac Ag Saba Basha)

prepared for maize sowing. Their data indicated that storage for one month was
adequate for complete decomposition of sugar beet tops.

The experimental design in both seasons was a split plot design with
three replicates in which the preceding winter crops treatments occupied the
main plots, whereas the subplots included three nitrogen fertilization ieveis of 90
(N1), 105 (N2) and 120 (N3) Kg N/fed (in the form of ammonium nitrate, 33.5%).

Each experimental unit comprised 5 ridges, each 3.0 m long and 0.7 m
wide. Seeds were sown in hills spaced 30 cm apart and thinned to one
plant/hifl. The other cultural practices for winter crops and maize production in
the region were applied according to recommendations.

Plant height, number of leaves/plant and ear leaf area were measured at
physiological maturity on 10 random plants in each plot. At harvest, a sample of
ten ears were randomly taken from each subplot to record the rui:bher of
grains/ear and ear grain weight. One hundred-grain weight was calculated as
the average of 3 samples from each subpiot. Grain yield was obtained from the
3 inner rows in each plot and converted into ardab/fed.

Fertilization response curves were worked out for maize, using the

equation: ¥ =a + bX + cX?, where Y is the expected grain yield (ardab/fed) for
a given N rate, X= amount of applied nitrogen, a = the intercept of regression
line, whereas, b and ¢ are regression coefficients describing the linear and
quadratic terms, respectively.

Statistical analysis was conducted according to Gomez and Gomez
(1984).

RESULTS AND DISCUSSION
I- Effect of preceding winter crops treatments on maize growth and
yield.

Analysis of variance (Table 1) indicated that the effect of preceding crop
on plant height, ear leaf area and grain yield/fed was significant over the two
successive seasons. Except for plant height and ear leaf area, the other studied
traits responded significantly to N-fertilization levels over the two seasons.
Interactions between preceding crop and N level were insignificant during the
two seasons, indicating that the traits responded independently to the effect of
the two studied variables.

Faba bean increased maize plant height to be 26.6 and 43.9 cm, as an
average of the two seasons, greater than that of maize following sugar beet
tops-soil incorporation in wheat plots or sugar beet, respectively (Table 2). Sail
enrichment with nitrogen after faba bean may be responsible for increases in
internode number and length, reflecting an ascending increase of plant height.
Khalil et al. (1999 and 2001) revealed that plots of maize after faba bean gave
plants of taller plant height compared to those after fodder beet.

Records for ear-leaf area of maize piants were found to be the largest
after faba bean, and higher in wheat followed by manuring with sugar beet
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residues, relative to those after sugar beet over the two seasons. In maize
following faba sequence, increases in that trait were 67.4 and 55.5 cm?
compared to wheat followed by manuring with sugar beet residues and sugar
beet, respectively, as an average of the two seasons. Legume N contribution to
soil may have been associated with greater maize nitrogen uptake, thus
increasing leaf cell in length and width dimensions, and hence, increasing totai
ear-leaf area (McCullough et a/, 1994 and Uhart and Andrade, 1995 a).

Regarding grain yield, the highest response of maize crop was that after
faba bean, while the lowest was following sugar heet in the two successive
seasons. Reductions in yield potential for maize after sugar beet and soil -
incorporated beet residues following wheat, compared to that after faba bean,
as an average of the two seasons, were 2.2 and 4.8 ardabl/fed, respectively.
Faba bean increased soil-N level to increase yield and yield attributes of the
following maize. These findings were in agreement with Narwal and Maliik
(1989) and Danso and Papastylianou {1992). Abshahi et al, (1984) and Khalil
(2003} reported that soil incorporation of heet tops provided the following non-
legume crops with an amount of its required N.

lI- Effect of N level on maize growth and yield.

Increasing N level over 90 kgffed increased significantly the number of
leaves/plant over the two seasons (Table 2). While number of leaves/plant of
120 kg Nifed was the greatest (19.5 leaves), the number of leaves of 105 kg
Nifed plants was 1.2 leaves greater, as an average of the two .seasons,
compared to the lowest N rate. These results were in accordance with Uhart
and Andrade (1995a) who reported that increasing N supply increased leaf
primordia initiation leading to the increase of leaves number/plant.

Data in Table (2) further indicated that increasing N fertilization level
increased both number of grains/ear and ear grain weight. Increases in number
of grains/ear at 120 and 105 compared to 90 kg N /fed were, respectively, 126.3
and 71.3 grain in the first season, and 178.6 and 114.7 grain in the second
season. The respective increases in ear grain weight were 25.56 and 11.11gin
the first season, and 33.34 and 18.34 g in the second season. Reductions in
number of leaves/plant ear leaf area, and consequently photosynthetic rate, at
towest N level, were responsible for lack in assimilates partitioning into the ear
and hence spikelet fertility and grain set and weight of the ear (Jacobs and
Pearson, 1891, Connor et al, 1993 and Uhart and Andrade, 1995b).

Furthermore, data in (Table 2) revealed that 100-grain weight was
lowest, intermediate and highest as 90, 105 or 120 kg Nied were applied,
respectively, in the two successive seasons. Increases in that trait with 105 or
120 compared to 90 kg Nffed application were 2.3 and 4.5 g in 2000/01 season,
and 2.0 and 3.9 g in 2001/02 season. As reported by Tollenaar et af (1992),
increases in grain weight was attributed to an excessive transiocation of
assimilates to the grain. Data were also in accordance to those reported by
Selim and E\-Sergany {1995).
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The effect of nitrogen on grain yield is presented in Table (2). There was
an increase in yield with the increase of nitrogen added to the soil. The average
increases in such trait, over the two seasons, due to 105 and 120 compared to
80 kg Nffed, were 3.50 and 5.0 ardab, respectively. Nitrogen increased the
amount of metabolites synthesized by plants and thus resulted in an increase of
yield attributes to grain yield/fed. These results were in accordance with Selim
and El-Sergany (1995) who found that application of N up to 120 kgffed
increased grain yield in maize.

The analysis of variance (Table 1) indicated that the response of grain
yield and ,.eld components of maize ta N levels was linear in both seasons.
The regression coefficient (b) values for regression equations of number of
grains/ear, ear grain weight, 100-grain weight and grain yield/fed were 0.24 and
0.17, 0.85 and 0.90, 0.15 and 0.16, and 0.16 and 0.18 in the two =easons,
respectively. The corresponding R? values, in the two seasons, were 0.995 and
0.873, 0.852 and 0.899, 1.0 and 1.0, and 0.947 and 0.998, respectively. These
findings indicated that variations in grain yield and yield components in maize
were aimost totally explained by variation in N level, as revealed by the high R?
values. The linear response indicated that these traits increased progressively
up to 120 kg Nffed, and higher levels of N may also be beneficial since the
quadratic response was insignificant in both seasons.

Correlation coefficients (Table 3) for grain yield with all the studied
characters, except piant height, were significant and positive over the two
seasons. In addition, perfect correlation coefficient (1.00) between 100-grain
weight and grain yield indicated that 100-keme! weight was the most important
yield attribute affecting grain yield.

In conclusion, the resuits from this investigation encourage the use of
sugar beet tops as green manure for maize to supply a measurable amount of
maize N requirements. Such practice may decrease environmental pollution
resulting from excessive mineral N residues accumulation and leaching, in
addition to improving soil properties and fertility.
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Table 1.

Mean squares for maize traits as affected by preceding crop, N levels and their interaction in 2000/01 and 2001/02

50asons.
Plaut height Number of Ear leaf Number of Ear grain 100-grain Grain yield/
5.0.¥ af leaves/plant area grains/ ear weight weight fed
2000/01 2001702 2000/01 2001/02  2000/01 2001/02 2000/01 2001/02 2000/0] 2001/62 2000/01 2001/02 _?.000/01 20001/02

Preceding crop (P) 2 v * n.s. n.s. * * ns. ns. n.s. ns. n.s. n.s. * *
Error (2) 4 39.66 3731 031 £.51 71445 9537 16868 14755 93.05 109.72 349 3002 0.14 1.i7

Nitrogen levels {N) 2 n.s, ns. . . n.s. n.s. * * * * * * . *

Linear (Lx) 1 - - » . - . * * * * » . . .
Quadratic {(Qu) 1° - - n.s. ns. - - ns. n.s. n.s. ns. ns. n.s. ns. ns.
PxN 4 ns. n.s. n.s. n.s. n.5. n.s. n.s. n.s. 8. n.s. n.s. n.s. n.s. n.s.
Error (b} 12 52064 1299 038 0.20 2839 B310 17498 8967 4636 5741 249 303 091 0.59

* Significantly different at 0.05 probability level.

n.s. not significant at 0.05 probability level.
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Table 2. Mean of studied characters as affected by preceding crop and N level in 2000/01 and 2001/02 seasons.

Plant height Number of  Ear leaf area Number of Ear grain 100-grain Grain yield/
Treatments (em) leaves/plant (em’) Brains/ ear weight (g) weight (g) fed (ardab)
2000701 2001702 2000401 200002 200001 2001/02 200041 2001/02  2000/01 200102 ~ 2000/01 2001/02 200000 2001/02
Preceding crop: .
Faba bean (F) 288.56 29444 1820 18.16 74911  702.78 471.36 53722 15610 17944  29.22 29.28 2224 2%
Wheat + sugar beet tops {B) 267.67 206211 18.09 17,80 702.78 63833 46789 53278 155.00 17889  29.00 28.56 19.64  20.13
Sugar beet (Bo) 239.67 25556  17.91 1770 67778 63944 47189 53978 15611 18056  28.94 28.40 1694 18.08
L.S.D. 0,05 824 8.00 - - 35.00 13.00 - - - - - - 049 142
Nitrogen level
90 kgffed N, 26422 27078 1676 16,44 71533 65722 40456 43878 16333 13722 2680 26.77 16.88 17.95
103 kpHed N, 265,11 27133 17.82 17.84 711.00 65444 47589 55154 17444 15556 29,1 28.78 2026 2035
120 kg/fed N, i66.56 27200 19.62 19.38 71333 66B.89 53089 61744 18889 170.56 3126 30.69 21.68 23.19
L.S.D. 0.05 - - 0.61 0.44 - - 4140 29.70 1.5 6.70 1.56 1.72 0,94 0.76
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Table 3. Correiation coefficients between studied characters during 2000/01 and 2001/02 seasons.

Treatments Grain yield 100-grain Esar grain Number of Ear leaf Number of
Hfed weight weight grains/ear Areit leaves/plant
2000001 2001703 2000/01 200102 2000/0F 200102 2000/01  2001/02 206001 200102 200001  2001/02
100-grain weight 1.00+ Log*
Ear grain weight 0.965*  0.980* 0.85*  0.81*
No. of grains/ear 0.386* 0.884* 0.77* 0.83* 0.835* (0.865*%
Far leaf area 0.940* 0.920*  1.00* 1.00* 0.780* 0.810* 0.765* (.795*
Number of leaves/plant 0.71% 079* 0.68*  074*  0.330°* 0230" 0280™ 0310™ 0213"" 0.300"
Plant height 0.29™ 022" 022" 026" 0,190 0238"" 0.217™ 0236 0.255" 0210 0.735*  0.710%

* Significantly different at 0.05 probability level.

n.s. = not significant at 0.05 probability level.
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