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Growth, Yield Attributes, Yields, and Weed Characteristics as
Influenced by I ntegrated Nitrogen Fertilization and Weed-Control
Measures of Maize (Zea maysL.) in Central Rift Valley of Ethiopia

Girma Woldetsadik! and Sombat Chinawong?

ABSTRACT

An experiment was conducted during the rainy season of 2003 at Deraand Melkassa, to study the
influence of nitrogen fertilizer levels and weed control measures on growth, yield attributes, yields, and
weed characteristics of maize (Zea maysL.) under rainfed condition. The experimental treatmentswere
split plot design, comprising four nitrogen fertilizer levels[Ng, control, N1, 10, N2 20, and N3 30 kg N/
hain main plotsand four weed control measures[W, weedy check, W1, atrazine/s-metolachlor at 3.0 kg/
ha(pre-emergence); W5, atrazine/s-metolachlor at 3.0kg/ha+ 2, 4-D at 1.0 kg/ha(pre+ post-emergence);
and W3, 2, 4-D at 1.0 kg/ha (post-emergence)] in sub—plots and were replicated thrice.

Total biomass, straw yield, harvest index, plant height andlodging percentagewereincreased with
anincreaseinN levelsat both sites. Application of 30 kg N/hawasfound helpful inreducing thedry matter
accumulation by weeds probably because nitrogen requirement of weeds and crop was met at thislevel
and crop could compete better with weeds dueto increased growth. Leaf areaincreased with anincrease
in nitrogen, being maximum at 30 kg N and minimum in the control at Deraand Melkassa, respectively.
Weed control measures not only increased the leaf area, yield attributes and the grain yield of maize but
also decreased the weed population and dry matter of weeds. Suppression of weeds by weed-control
measures resulted in better growth and development of maize. Weed population and dry matter
production of weedswere effectively suppressed with pre and post-emergence application of atrazine/s-
metolachlor at 3.0 kg/ha+ 2, 4- D at 1.0 kg/ haincreased the grain yield of maize by 13.4 % over control
non-weeded.
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INTRODUCTION is of fundamental importance owing to its
deficiency in Ethiopian soils. The low nutrient

Maize (Zea mays L.) is one of the most  contents in the soil are caused by remova of

important cereal crops grown during rainy season
in Ethiopia. However, the productivity of thecrop
islow. Fertility isamongthegreatest constraintsto
maizeproductionin Ethiopia. Nitrogeninfluences
theplant growth, yield attributesand quality of the
product. Nitrogen application among the nutrients
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surface soil by erosion, crop removal of nutrients
fromthesoil, littleor nofertilizer application, total
removal of plant residues from the farmland and
burning, andlack of aproper croprotation program.
Low fertility of the soil and the prevalent inability
of the farmers to apply chemical fertilizers
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aggravatetheproblem. Supplementingthenutrient,
especially nitrogen, through inorganic sources not
only suppliestherequired nutrientsfor cropgrowth
but also well recognized that the application of
chemical fertilizersor organic manure' sincreases
the productivity of dry land crops.

Weed infestation with complex flora has
become a serious problem in the maize-growing
areasof thecountry. Theweedsemergingwiththe
crop competing with them for nutrients especially
nitrogen, grow faster and utilizeitinlarger amounts
than the crop, resulting in poor crop yield (Singh
and Reddy, 1988). Panwar et al. (1992) reported
that thereductioningrainyield of maizeby weeds
was 20-40 %. Different herbicides are used alone
or in combination to eliminate the weeds but their
efficienciesdiffer because of the narrow spectrum
of weed control. Application of more than one
herbicide is useful, particularly in the absence of
an effective broad-spectrum herbicidein maizeto
control highly diversed weed population. It is
therefore imperative to provide weed free
environment to enableit to utilize the costly input
well. However, suchinformationwithweed control
in the semi-arid areas of central rift valley region
isscanty. Hence astudy wascarried out tofind the
effect of nitrogenfertilizer level sand weed control
measures on yield and yield—contributing
characters of maize under rainfed conditions.

MATERIALSAND METHODS

Study site and agronomic practices

An experiment was conducted during the
rainy season of 2003 at the Dera Sub center and
Melkassa Agricultural Research Center. The soil
typesarediverse, most of them areshallow andthe
organic matter contents are quite low-between 0
and 2% in most areas, resulting in poor water—
holding capacity. The soils are generally browns,
grayish brown or light brown. Thetextures of soil
are either clay loam, loam or sandy loam. The
treatment consisted of four levels of nitrogen [Fo,

F10, F20, and F3g] inmain plotsand four measures
of weed control [Wg, control non-weeded, Wy,
atrazine/s-metolachlor at 3.0 kg/ha (pre-
emergence); W, atrazine/s-metolachlor at 3.0 kg/
haand2,4-D at 1.0kg/ha(preand post-emergence);
W3, 2, 4-D at 1.0 kg/ha (post-emergence)] in sub-
plots. Thus 16 treatment combinationsweretested
inasplit plot designwiththreereplications. Maize
variety Melkassa-1 doubletop-crossearly duration
was sown in rows 25 cm apart on 8 July 2003 and
29 June 2003 at Deraand Melkassa, respectively.
Full dose of P,Ogand half dose of N were applied
basal and remaining N was top-dressed 30 days
after sowing. Nitrogen was applied through urea
per treatment. Maize crop was sown in line a the
rate of 30 kg/ha. The total plot sizewas 4.5 x 4.0
m. Thecrop emerged on 17/7/2003 and 11/7/2003
at Deraand M elkassa, respectively. Pre-emergence
herbicide of atrazine/s-metolachlor at 3.0 kg/ha
wasgivenwithin3daysbeforemaizeplantingand
before weeds began to emerge. Post -emergence
herbicide of 2, 4-D at 1.0 kg/hawas also applied
threeweeksafter maizeemergence. Hand operated
manual knapsack sprayer was used for herbicide
application. Maize was harvested on 28 and 17
November 2003 at Dera and Melkassa,
respectively.

Small amount of precipitation occurred
between Marchto April and highrainfall occurred
between June to September. The minimum
temperatures ranged from 9.5°C to 15.8°C while
maximum temperature from 26.9°C to 29.8°C.
Therainfall pattern during the crop growth period
was higher as compared with the previous years.
The total amount of rainfall received were 813.8
mm and 885.7 mm at Dera and Melkassa,
respectively.

Dry weight of the crop was measured 30,
50, 75 and 90 days after maize emergence. Grain
and straw (shoot only) yields, and 1,000-grain
weight were also obtained on an oven-dried basis
on adry weight base of 60°C. Harvest index was
calculated astheratio of thedry grain yield to the
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total dry matter yield (grain plus straw).

Data analysis

Thedatawereanalyzed using the Statistical
Analysis System (SAS), Inc., 1989. The analysis
of variance was determined using the General
Linear Model (GLM). Themean separationamong
treatments was obtained by using the Least
Significant Difference (LSD) test where F-tests
were significant.

RESULTSAND DISCUSSION

Grain yield and 1,000-grain weight

Grain yield of maize was significantly
influenced by nitrogen fertilizer levels only at
Melkassa (Table 1). At Melkassa, the differences
in grain yield between 20 and 30 kg N/ha were
non-significant, whereas these treatments were
significantly higher than 0 and 10 kg N/ha. At
Melkassa, application of 30kgN (4992 kg/ha) and
20 kg/ha increased the grain yield (4851 kg/ha)
compared with the control (4230 kg/ha) while
these treatments were significantly higher than 0
and 10 kg N/ha. This result indicated that higher
yield could be obtained even at low N rate by
effective control of weed. The increase in grain
yield under efficient weed control measures with
increasing levels of nitrogen fertilizer was owing
to reduced depletion of nutrient by weeds and
concomitant increase in nutrient uptake by crop
plantsultimately resultedinmarkedimprovements
inyield attributes.

The improvement in growth and yield
components owing to chemical weed control was
also reflected by grain yield. Pre and pre + post-
emergence applications of atrazine/s-metolachlor
and atrazine/s-metolachlor + 2, 4-D gave
significantly higher yield than all other treatments
in both sites. Although the yield from 2, 4-D
applied plot was significantly higher than from
non-weeded control, the values were relatively
lower as compared with pre and post-emergence

applications of atrazine/s-metolachlor and 2, 4-D.
Theeffectiveinitial weed control through pre and
post-emergence application of atrazine/s-
metolachlor + 2, 4-D might minimize crop-weed
competition resulting in higher yields. On the
contrary, uninterrupted weed growth in non-
weeded control plots and for four weeks in plots
receiving post-emergence application of 2, 4-D
encountered a considerable competition with the
crop for nutrients resulting in marked yield
reduction. Significant improvement in yield
attributes could beattributed possibly toincreased
availability of nutrients, moisture, space and
sunlight to the crop as a consequence of reduced
weed competition under these treatments. Thakur
and Sharma (1966) also reported improvement in
grainyield and 1,000-grain weight of maizeto be
duetoreducedweed crop competition. Differences
inmaizegrainyieldand 1,000-grainweight among
weed control treatments were directly associated
with differences in weed control efficiency

Nitrogen caused anon-significant variation
inthe 1,000-grain weight (Table 1). Thismight be
dueto the higher number of grains/cob competing
fortheavailablenutrients, delayed grainformation
and lodging under the higher levels of nitrogen
(Agarwal et al., 1972). In comparison to non-
weeded control, weed control measures
significantly increased the 1,000-grain weight at
both sites.

Pre-emergence application of atrazine/s-
metolachlor, post-emergence of 2, 4-D and pre
and post-emergence applications of atrazine/s-
metolachlor + 2, 4-D were at par with each other
for grain yield at both sites except at for 1,000-
grain weight. Lower weed population under pre-
emergence application of atrazine/s-metolachlor
+2,4-D treatmentsreduced cropweed competition
and the plants had not to face either nutrient or
moisture stress due to heavy weed infestation.
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Table1l Effectsof nitrogen and weed control on grain yield and 1,000-grain weight of maize.

Treatment Grainyield 1,000 grain weight
(Kg/ha) (9
L1 L2 L1 L2

N level kg/ha
0 2737 4230b 17.13 23.10
10 2882 4436b 17.15 24.58
20 2994 48512 17.75 24.75
30 3064 49922 17.80 25.08
LSD (P=0.05) 1.94 2.87 1.06 2.15
F-test NS * NS NS
Weed control measures
Wy 2803° 4545¢ 16.30° 23.670
W, 30332 500730 17.83% 25.302
W 30632 51532 18.432 26.002
W3 29782 4705P 17.28bc 25.002
CV % 5.62 11.09 7.39 5.95
LSD (P=0.05) 1.41 4.44 1.09 1.25
F_teg-' * % * % * % * %

** = Gignificant at P<0.01 using LSD, * = P<0.05 using LSD, NS = Not significant
L1=Deraand L, - Melkassa. Va uesin the same column followed by the same | etter are not significantly different at the (P< 0.05)

according to protected LSD test.

Growth and development characteristics of
maize

Total biomass, straw yieldand harvestindex
were found to increase with an increase of N
fertilizer level (Table 2). They were also
significantly influenced by weed control measures
for total biomass yield, straw yield and harvest
index. Theinteraction of nitrogen fertilizer levels
andweed control measuresfor total biomassyield,
straw yieldand harvestindex werenon-significant.

Straw yield increased by the application of
pre + post-emergence application of atrazine/s-
metolachlor + 2, 4-D at both sites. The effective
initial weed control through pre+ post-emergence
applications of atrazine/s-metolachlor + 2, 4-D
might not be able to minimize crop-weed
competition resulting in higher straw yield. In
respective of weed control measures there was
significant increase in total biomass yield of

herbicidal weed control.

Nitrogen fertilizer levels did not
significantly influenceharvestindex but increased
with increasing nitrogen fertilizer levelsup to 30
kg N/ha at both sites. Weed control treatments
recorded significantly higher values of harvest
index than the non-weeded control. Maximum
values of these indices were recorded in all
herbicidal treatments, which were found to be at
par with each other. A significant reduction in
harvestindexwasfound under non-weeded control.
Soil type (sandy loam) and high June, July and
Augustrainfall might beresponsiblefor theincrease
in harvest index. Ample early season moisture
levels, conducive to good crop canopy
development, could result in more leaf area and
thus more rapid depletion of soil water and
development of moisture stress during aperiod of
low rainfall.
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Table2 Effects of nitrogen and weed control on growth and development characteristics of maize.

Treatment Total biomass Straw yield Harvest index
(t/ha) (t/ha) (%)
L1 L2 L1 L2 L1 L2

N level kg/ha
0 7.49 10.37 4.49 6.22 35.3 59.0
10 7.69 10.70 4.60 6.30 35.6 60.4
20 7.74 10.90 4.74 6.29 383 65.8
30 7.99 10.94 5.00 6.78 393 66.0
LSD (P=0.05) 0.86 1.36 1.08 1.52 7.54 14.41
F-test NS NS NS NS NS NS
Weed control measures
Wo 6.59P 9.820 4.46° 5.220 35.82 54.0P
Wy 7.172 11.142 4,842 7.022 38.7° 64.52
Wo 7.262 11.492 5.022 7.272 41.5° 68.22
W3 6.772 10.46% 4,542 5.892b 38.5° 63.72
CV % 9.52 12.25 14.16 26.08 8.79 18.29
LSD (P=0.05) 0.56 1.00 0.51 1.26 2.86 9.62
F_teg * * * * * % *

** = Gignificant at P<0.01 using LSD, * = P<0.05 using LSD, NS = Not significant
L1=Deraand L, - Melkassa Vauesin the same column followed by the same | etter are not significantly different at the (P< 0.05)

according to protected LSD test.

Growth and yield attributes of maize

Nitrogen fertilizer levels did not
significantly influencelodging percentages, but it
increased withincreasing nitrogenfertilizer levels
up to 30 kg N/haat both sites. The higher lodging
percentage at Melkassa might be due to high
residual effect of fertilizer in the soil than Dera.
Lodging incidence increased with increase in the
level of nitrogen up to 30 kg N/ha at Melkassa.

Lodging was affected by weed control
measures only at Melkassa. Among weed control
treatments, atrazine/s-metolachlor + 2, 4-D
recording the highest lodging was significantly
higher than atrazine/s-metolachlor and post-
emergenceapplicationof 2, 4-D whichwereat par
witheachother at Melkassa(Table3). Non-weeded
control recorded the lowest lodging percent at
both sites.

Contribution of theweed control measures
towards the enhancement of growth and

devel opment characters could be ascribed to their
effect in reducing the crop weed competition and
hence better utilization of natural and applied
inputsby crop plants. Kaushik and Gautam (1984)
also reported improvement of growth and
development due to elimination severe in crop
weed competition in maize.

Plant height increased with the increasing
nitrogen fertilizer levels up to 30 kg N/haat Dera
and Melkassa. The differences in plant height
between 10 and 30 kg N/haweresignificant. Weed
control treatments improved plant height
significantly compared with non-weeded control
only at Melkassa. Between the weed control
treatments, although 2, 4-D and atrazine/s-
metolachlor + 2, 4-D applications recorded the
maximum plant heights, they were at par with
each. All weed control treatments surpassed the
non-weeded control in Melkassa.

All the herbicidal weed control treatments
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Table3 Effects of nitrogen fertilization and weed control on growth and yield attributes of maize.

Treatment Lodging Plant height (cm)
(%) at harvest
L1 L2 L1 L2

N level kg/ha
0 4,500 12.83¢ 166.40P 188.720
10 5.002b 15.58P 167.73b 192.17P
20 5.672b 16.082 170.03% 196.57%
30 6.172 16.422 175.062 198.252
LSD (P=0.05) 5.44 5.45 13.61 8.38
F_test * * * *
Weed control measures
Wo 5.25 11.92¢ 169.43 187.51P
W, 5.33 15.33P 171.18 196.282
W, 5.58 18.832 171.95 198.082
W3 5.17 14.83bc 166.68 193.83%
CV % 71.53 25.41 5.07 4.50
LSD (P=0.05) 321 3.26 7.26 7.35
F-test NS *% NS *

** = Gignificant at P<0.01 using LSD, * = P<0.05 using LSD, NS = Not significant
L1 =Deraand L, - Melkassa. Vauesinthe same column followed by the same | etter are not significantly different at the (P< 0.05)

according to protected LSD test.

did not significantly influenced plant height
compared with non-weeded control. Preand post-
emergence application of atrazine/s-metolachlor
+ 2, 4-D although recorded the maximum plant
height, it wason apar with herbicidal weed control
treatmentssignificantly surpassed thenon-weeded
control only in Melkassa site. The shortest plant
heightswereregistered in post-emergence of 2, 4-
D and non-weeded control treatmentsat Deraand
Melkassa, respectively. This may be due to the
shading effect of weedspresentintheplotswithout
herbicide and poor control of grassweedshy 2, 4-
D.

Dry matter yields of maize

Nitrogen fertilizer levels significantly
affected the maize dry matter yield 30, 50 and 75
days after maize emergence except 30 days after
maize emergence at Deraand 90 days after maize
emergence at both sites.

The least maize dry matter yield was
registered under non-weeded control. Lower dry
matter yield of maize in non-weeded control plot
was due to severe weed competition with crop
plantsfor nutrients, light and moistureandimpaired
the growth of the crop which could not expressits
full yield potentially (Gautam, 1992).

Atearly growthstage(30DAE), thehighest
dry matter yield was recorded from atrazine/s-
metolachlor + 2, 4-D and pre-emergence
application of atrazine/s-metolachlor treatments
at Deraand Melkassa, respectively. 50, 75 and 90
daysafter maizeemergence, pre+ post-emergence
application of atrazine/s-metolachlor + 2, 4-D
treatmentsproduced significantly higher dry matter
yield of maize than herbicidal weed control
treatments. Non-weeded control registered the
least dry matter yield of maize at al weed control
measures under all growth stages (Table 4).

Application of weed control measures had
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Table4 Effectsof nitrogenandweed control ondry matter yield 30, 50, 75, and 90 daysafter emergence

of maize.
Treatment Maize dry matter (g/plant)
30 days 50 days 75 days 90 days

Ly Lo L1 Lo Ly Lo Ly Lo
N level kg/ha
0 3615  7441° 8486P 131.04b 120.93° 131.04b 16857 189.13
10 37.62 77570 90.028b 161.50% 146.44% 136.83F 164.69  199.57
20 40.01 83453 9308% 169.98% 151.90% 149.95%® 167.78  200.30
30 4041 93352 136182 171708 155.142 156712 170.02  200.60
LSD (P=0.05) 1814  31.38 32.38 34.86 59.07 24.41 21.55 29.21
F-test NS * * * * * NS NS
Weed control measures
W 31710 76.22¢  7824c 142.80°¢ 126.19° 115.10° 163.29® 194.06P
W, 40.69% 81167 100.15% 160.78° 145523 151.45% 167.98% 199.0180
W, 46.622 92452  110.442 183.05% 164582 169.642 172.45% 207.722
W3 35190  78.95° 8436 14658% 138.13° 138.34% 166.712 198.80%
CV% 32.10 26.69 27.46 31.75 20.60 30.54 5.86 10.45
LSD (P=0.05) 10.43 18.48 2158 4235 24.90 36.96 8.29 17.61
F_teg * * % * * % * * * *

** = Gignificant at P<0.01 using LSD, * = P<0.05 using LSD, NS = Not significant, L, - Deraand L, - Melkassa. Vauesin the

same column followed by the same letter are not significantly different at the (P < 0.05) according to protected L SD test.

asignificant effect both at earlier and | atter growth
stagesof maizeit had asignificant effect on maize
dry matter production. Almost at all growth stages
maize dry matter yields were increased with
nitrogen fertilizer levels as compared with no
fertilizer application. Thehighest maizedry matter
yieldwasrecorded fromacombination of atrazine/
s-metolachlor + 2, 4-D herbicide treated plots
(Table 4). Theincrease of atrazine/s-metolachlor
+ 2, 4-D herbicide application over the weedy
check ranges from 6.3 to 67.7 %.

W eed population and dry matter accumulation
by weeds

The major weed flora observed in
experimental plots consisted of Argemone
mexcana, Chenopodum fasculosum, Foeum
vulgare, Cyprerus rotundus, Eragrostis spp,
Sorghum arandeceum, and Setaria verticillata.
Population of grassy weeds, non-grassy weeds
and sedges constituted 28.2, 56.1 and 15.7% of

total weed population at Dera, and 18.9, 65.1 and
16.0 % at Melkassa, respectively. However, on
dry weight basis, these weeds in non-weeded
control plot constituted 47.6, 18.3 and 34.1% of
total weed dry weight at Dera, and 46.1, 28.3 and
25.6% at Melkassa, respectively.

Cropsand weedsgenerally competefor the
same nutrient pool. Increasing the level of soil
fertility can alter the competitive interacting
between crops and weeds. Weed resource use
oftenincreasesmorerapidly with added nutrients,
resultinginagreater ability of theweedsto compete
for other resources (Minotti and Sweet, 1981;
Walker and Buchanan, 1982; Berkowitz, 1988). In
addition, the application of nutrients to a soil,
particularly nitrogen, can stimulate germination
of dormant weed seeds (Caversand Benoit, 1989).
Weed popul ationwassignificantly influenced due
to nitrogen fertilizer levelsin both sites except at
30and 90 daysafter maizeemergenceat Melkassa
(Table 5). However, a margina increase was
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observed in the total numbers of weed with the
increase in nitrogen levels up to 30 kg N/ha
Significant differencesinweed biomassproduction
were detected among treatments in both sites.
Nitrogen fertilizer levels had an effect on weed
biomass production at both sites.

Weeds were not separated into grass and
broad species for biomass determination. In all
weeds, dry matter did not increase with weed
population density (Table 5). All herbicide
treatments significantly reduced weed population
over non-weeded control at all recorded stages of
growth in controlling weeds (Table 5). The
application of atrazine/s-metolachlor as pre-
planting + 2, 4-D as post-emergence was most
effective and this was found to be significantly
more superior in reducing weed population of all
weed types than other treatments including pre-
emergence application of atrazine/s-metolachlor,
whichwasproved to be the second best treatment.
The reduction in weed density and dry weight
might be attributed to broad-spectrum and season-
long weed control properties exhibited by the
herbicide mixtures and sequential applications of
2,4-D. Lowerweed popul ationunder thistreatment
reduced the crop-weed competition and the plants
had not face either nutrient or moisture stresses
due to heavy weed infestation.

Among the herbicidal treatments, the
poorest performancewas observedin plotstreated
withapplicationof 2, 4-D aspost-emergence. This
might be due to poor control of grassweeds by 2,
4-D. Kaushik and Gautam (1984) reported similar
results. In general, differences in weed density
were more apparent at the early evaluation period
thanlater intheseason. Atall stagesof observation,
non-weeded control recorded significantly higher
weed population and dry weight than all other
treatments.

Increasing nitrogen fertilizer levelsdid not
increasedry matter accumulation by weedsat both
sites while they were significant at both sites for
nitrogen fertilizer levels. The highest dry matter

accumulation by weedswasobservedfromOkg N/
ha at both sites followed by 20 and 10 kg N/ha at
Dera and Melkassa, respectively. Application of
30kg N/hawasfoundtobehelpful inreducingdry
matter accumul ation by weedswhichwasprobably
because nitrogen requirements of weed and crop
were met at this level and crop could compete
better with weeds dueto increased growth. Higher
nitrogen fertilizer levels recorded significantly
higher weed control and weed dry biomassthan no
fertilizer in both sites.

Dry matter accumulation by weeds was
reduced markedly by all three herbicide treated
plots owing to the marked reduction in weed
populationand dry matter accumul ation by weeds.
The application of atrazine/s-metolachlor as pre-
planting + 2, 4-D as post-emergence was most
effectiveandwasfoundtobesignificantly superior
followed by pre-emergenceapplication of atrazine/
s-metolachlor in reducing the dry matter
accumulation by weeds.

Among herbicidal treatments, 2, 4-D
recorded higher weed dry weight and lower weed
control efficiency, indicatingitseffectivenessthan
other herbicidal weed control treatments.

Leaf area

Results indicated that applications of
nitrogenfertilizer level significantly increased the
|eaf areas of maize up to 30 kg N/haat both sites.
As reported by Kharshe and Khuspe (1970), the
|eaf areaa soincreasedwithanincreaseinnitrogen,
being maximum (2540.9 and 2865.5) at 30 kg N/
ha and minimum (2140.8 and 2202.3) in the non-
weeded control at Deraand M elkassa, respectively.
The maize plant with high rates of N produced
higher maize |leaf areathan lower ratesof N. This
may beduetothehighamount of nutrient available
inthe soil for crop growth and consequently more
nitrogen uptake by theplants. Increasein leaf area
was due to synthesis of more photosynthesiswith
nitrogen application. This might result in better
partitioning of photosynthates in yield attributes
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with nitrogen application. Increase in LAl and
yield attributes of maize resulted in significant
improvement in biomass and seed yield of maize
in both sites.

All weed control measures significantly
increasedtheleaf areasof maizeexcept at Melkassa
site (Table 6). Combined application of pre and
post—emergence applications of atrazine/s-
metolachlor + 2, 4-D and pre-emergence
application of atrazine/s-metolachlor recorded the
maximum leaf areas as compared to non- weeded
control at Dera and Melkassa, respectively. This
was due to the combined effect of pre + post—
emergence application of atrazine/s-metolachlor
+ 2, 4-D. Owing to increase in leaf area due to
weed control measures and early season ample
moisture levels, the mai ze harvested more energy
and finally produced better yield attributes. As a
result of increaseinleaf areasandyield components,
the seed and biomass yields of maize were also
significantly enhanced by weed control measures

in both sites.
CONCLUSION

Grainyieldincreasedwithnitrogenfertilizer
levels owing to reduced depletion of nutrients by
weedsand concomitant increasein nutrient uptake
by crop plants ultimately resulting in marked
improvements in the yield attributing characters.
Atrazine/ss-metolachlor at 3.0 kg/ha, 2, 4-D at 1.0
kg/haand atrazine/s-metolachlor at 3.0 kg/ha+ 2,
4-D at 1.0 kg/ha were at par with each other for
grain yield at the both sites except at for 1,000-
grainweight but significantly superior than weedy
check. Total biomass, straw yield, harvest index,
plant height and lodging percent were increased
withanincreaseinN levelsat both sites. Thestraw
yield increased due to application of atrazine/s-
metolachlor and 2, 4-D at Dera and Melkassa.
Atrazine/s-metolachlor recorded the highest
lodging and significantly higher than herbicides

Table6 Leaf areas asinfluenced by nitrogen fertilization and weed control measures in maize.

Treatment L eaf area/plant at 50 days (cmS3/ha)
L1 Lo

N level kg/ha
0 2140.8 2202.3°
10 2287.2 259452
20 2465.9 2791.1%
30 2540.9 2865.52
LSD (P=0.05) 46.2 51.21
F-test NS *
Weed control measures
Wy 2043.7° 2546.4
Wy 2504.92 2715.3
W, 2568.22 2690.3
W3 2318% 2510.5
CV% 21.86 21.06
LSD (P=0.05) 34.39 43.76
F-test * NS

** = Gignificant at P<0.01 using LSD, * = P<0.05 using LSD, NS = Not significant
L1 =DeraandL,-Melkassa Valuesinthe same columnfollowed by the sameletter are not significantly different at the (P< 0.05)

according to protected LSD test.
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weed control measures that were at par with each
other at Melkassa.

Although atrazine/s-metolachlor at 3.0 kg/
ha + 2, 4-D at 1.0 kg/ha recorded the maximum
plant height but it was at par with atrazine/s-
metolachlor at 3.0 kg/ha+ 2, 4-D at 1.0 kg/ha but
significantly surpassed the weedy check in
Melkassasite. Application of herbicidesto plants
increased the dry matter yield at al stages of
growth significantly in both sites. Maximum
increasein grainyield wasrecorded in atrazine/s-
metolachlor at 3.0 kg/ha + 2, 4-D at 1.0 kg/ha
which was significantly superior to that obtained
under atrazine/s-metolachlor at 3.0 kg/ha, 2, 4-D
at 1.0 kg/ha, and non-weeded control.

Applicationof 30kgN/hawasfound hel pful
in reducing the dry matter accumulation by weeds
probably because nitrogen requirement of weeds
and crop was met at this level and crop could
competebetter withweedsduetoincreased growth.
Leaf areaincreased with an increase in nitrogen,
being maximum (2504.9 and 2865.5) at 30 kg N
and minimum (2140.8 and 2202.3 in the non-
weeded control at Deraand M elkassa, respectively.
Atrazine/s-metolachlor at 3.0kg/ha+2,4-Dat 1.0
kg/ha treatment recorded the maximum leaf area
as compared with weedy check. As a result of
increase in leaf area and yield components, the
grain and biomass yield of maize was also
significantly enhanced by weed control measures
in two sites. Better weed control measures by
atrazine/s-metolachlor + 2, 4-D herbicides
increased the husked cob weight by 29.9% over
the control at Melkassa.

Theresponse of nitrogen fertilizer on most
of the parameterswas not observed. Thismight be
due to residual effect of fertilizer in the soil. It
needsfurther study inlow fertilesoil inconjunction
with in situ moisture conservation practices. The
results and information obtained would expedite
the development of management strategies to
reduce population of weeds and to manage the
successiona dynamics of weedsin weed control

measures.
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