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Effect of Variation in Tillage Systems on Maize (Zea mays L.) 
Establishment and Grain Yield in a Semi-Arid  

Tropical Climate 

D. D. Yusuf1 

ABSTRACT 

On-farm experiments were designed to investigate the response of maize establishment 
and grain yield to variation in tillage systems.  The tillage treatments included arara 
ploughing followed by zig-zag harrowing and arara ridging (T1); emcot ploughing fol-
lowed by zig-zag harrowing and emcot ridging (T2); mouldboard ploughing followed by 
disc harrowing and mouldboard ridging (T3); disc ploughing followed by disc harrowing 
and disc  ridging (T4); manual ridging (T5).  Generally, shallow (0-15.0 cm) tilled plots of 
T1 showed lower root lengths and root length densities than deep (0.28.0 cm) tilled plots 
of T4.  However, there was higher soil penetration resistance (PR) in T1 than in T4.  In-
creased PR in the range of 4.0 – 4.5 MPa decreased plant height (Hp), leaf area index 
(LAI), and maize grain yield (Yg).  Reductions in Yg in the range of 35 – 50% can be ex-
pected for a reduction in soil moisture contents from 24.2 – 15.7%, w/w.  Tillage treat-
ment significantly (P<0.01) affected Yg.  However, there were no significant differences at 
P<0.05 in the emergence rate index (ERI), LAI and Yg for the interactions of nitrogen 
levels × planting methods × tillage treatments. 

Keywords: Leaf area index, Soil penetration resistance, Tillage systems. 
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INTRODUCTION 

Maize (Zea mays L.) is a major food and 
cash crop for small-scale farmers in Nigeria.  
A rapid increase in population in the country 
and subsequently higher food demands make 
mechanized agriculture viable. However, the 
recent increase in the mechanization of agri-
culture and intensive tillage operations are 
the main causes of soil compaction in north-
ern Nigeria.  The weights of wheeled trac-
tors used vary from 2 to 5 t coupled with 
various implements for land cultivation. 

Previous researchers (Lipiec et al., 1991; 
Oussible et al., 1992; Håkansson and 
Reeder, 1994) reported that the response of 
soil physical properties to soil compaction is 
manifested in an increase in bulk density, a 
decrease in total porosity, air permeability, 
plant-available water and crop yield. Soil 
compaction adversely affects soil structure, 

reduces crop production, increases runoff 
and erosion, and accelerates potential pollu-
tion of surface water by organic wastes and 
agro-chemicals applied. Therefore, knowl-
edge of soil compaction is increasingly im-
portant in agriculture and for environmental 
protection (Assouline, 2002). Studies have 
also shown that changes in pore size distri-
bution due to soil compaction resulted in a 
lower water infiltration rate (Yusuf and Yil-
jep, 2000; Yusuf, 2001) and slow down the 
downward growth of roots with restricted 
root systems to the upper part of the soil pro-
file (Black and Hartge, 1986). Field experi-
ments were conducted by Laboski et al. 
(1998) to determine if soil strength and/or 
available water could be the factors limiting 
maize rooting depth on an irrigated fine 
sandy soil. They found that a compacted soil 
layer confined roots almost entirely to the 
top 0.06m of soil because it had high soil 
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strength and bulk density; the compacted 
layer, in turn, retained more water for maize 
use. Despite the considerable amount of re-
search done elsewhere which shows the 
negative effects of wheel-induced soil com-
paction on crop yield (Negi et al., 1981; 
Heberle and Vach, 1992), very limited work 
has been done to investigate the effect of 
soil compaction on maize production in Ni-
geria. Greater knowledge of the effects of 
various tillage systems on crop establish-
ment and yield is needed to assess the con-
tribution of these tillage systems to sustain-
able land use and management, soil water 
and air retention characteristics, water and 
nutrient use efficiencies and crop produc-
tion. The purpose of this study was to evalu-
ate the response of maize establishment and 
yield to the variation in tillage systems. 

MATERIALS AND METHODS 

The work was established at Samaru 
(11o11'N, 07o38'E and 685m above sea 
level). The soil (Typic Haplustalf) is free 
draining with a hydraulic conductivity of 0.8 
to 1.5 cm h-1 within the cultivated soil layer, 
low in cation exchange capacity (C.E.C.), 
organic matter and nitrogen (Heathcote and 
Stockinger, 1970). 

Two methods, manual (P1) and mechanical 
(P2) were used in planting maize. The 
planter used for mechanical planting was 
equipped with a narrow knife opener (14 
mm thick) and a coulter disc. Four nitrogen 
rates: (no nitrogen (N1), 40 kg N ha-1 (N2), 
80 kg N ha-1 (N3) and 120 kg N ha -1 (4)), 
were investigated. The study was laid out as 
a strip-split plot design (Gomez and Gomez, 
1984). Each plot size was 5.0 m long and 4.0 
m wide. An area of 0.35 ha was used each 
year. The treatments were applied to the 
same plots during the 3-year (1997-1999) 
on-farm study. Tillage treatments in this 
study were: arara ploughing followed by 
zig-zag harrowing and arara ridging (T1); 
emcot ploughing followed by zig-zag har-
rowing and emcot ridging (T2); mouldboard 
ploughing followed by disc harrowing and 

mouldboard ridging (T3); disc ploughing 
followed by disc harrowing and disc ridging 
(T4) and manual ridging (T5). 

At the beginning of each year, soil cores 
were collected randomly with rectangular 
sampler (70mm x 115mm) from each plot.  
Soil samples were taken to a depth of 30 cm 
for determination of soil particle-size analy-
sis which was carried out using the pipette 
method. Organic matter content was deter-
mined by combustion (Gee and Bauder, 
1986). Soil moisture content was determined 
gravimetrically after drying in an oven at 
105 o C for 24 hours. Soil bulk density was 
determined at sowing using a volume core 
(15 cores at 50-mm diameter and 30-mm 
high each) method (Black and Hartge, 
1986). Penetration resistance was measured 
with a cone type ring penetrometer of 12.8-
mm cone diameter and 30o angle of the cone 
(Anderson et al., 1980) at depths of 5-cm 
increments from the surface down to a depth 
of 30 cm. Twenty random penetrations were 
made in each plot and depth. Soil shear 
strength was also determined at the site with 
a 33-mm diameter, 50-mm high shear-vane 
at sowing and emergence of seedlings as 
described by Ball and O’Sullivan, (1987).  
The depths to the centre of the vane were 50 
mm at sowing and 60 mm an emergence.  
The germination of seeds and emergence of 
seedlings were monitored after planting and 
records were maintained on seedling emer-
gence starting on the day of their initial 
emergence and continued until full emer-
gence. The time required for the total estab-
lishment percentage of seeds sown was 
noted and emergence rate index (ERI) was 
calculated as follows (Lõpez and Arrue, 
1997): 

∑
=

=
n

1i

ii

p
)pd(ERI    (1 

Where di is the number of days after sowing, 
pi is the number of plants emerged from the 
last counting of emerged plants. 

Five 10-cm diameter core samples were 
obtained from planted plots to a soil depth of 
50-cm. Each of the core samples was cut 
into sections and air dried. The total length 
of roots was measured (Newman, 1966).  
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Root samples were taken with auger when 
the crop was fully developed. Root length 
density (RLD) was calculated by multiply-
ing root length by the average bulk density 
of each depth (Meterechera and Mloza-
Banda, 1997). Plant height was measured 60 
days after planting and leaf area duration 
(LAD) of the plant was obtained as: 

∫=
2t

1t
AdtLAD    (2 

Where: 
A is the leaf area over a time period from t1 

to t2.  Leaf area was determined daily on the 
field with a planimeter (Li-Cor Model 3100) 
throughout the period t1 to t2. In each year of 
this study (1997-1999), t1 and t2 are 60 and 
90 days after planting, respectively. The 
mean leaf area (Ã) over the time period t1 to 
t2 was calculated as:  

∫−
=

2t

1t
12

Adt
tt

1A~   (3 

From equations 2 and 3, the leaf area index 
(LAI) was determined on the field as (Wat-
son, 1952): 

arealandTotal
arealeafTotalLAI=    (4 

Pest and weed controls were performed ac-
cording to general local practices and rec-
ommendations. To compare the effects of 
variation in tillage systems within each 
cropping season, analysis of variance 
(ANOVA) was used. Differences among the 

treatments and their interactions were tested 
with an orthogonal contrast test to assess 
their significance (SAS, 1985). 

RESULTS AND DISCUSSION 

Cropping season precipitation from May to 
August of 1024 mm per annum was near the 
20-year (long-term) average of 1014 mm at 
Samaru. Although the total precipitation was 
similar in the three cropping seasons, its dis-
tribution varied widely. The poor rainfall 
distribution in 1997, particularly from May 
to July, stressed the crop during seedling 
emergence and grain fill. Much of the rain-
fall (41%) occurred late in August, 1997. In 
contrast, rainfall was evenly distributed in 
1998 and 1999. The mean monthly tempera-
ture of 29.5 oC didn’t vary much from the 
20-year (long-term) average of 29.7 oC. 

The soil of the experimental site was 
coarse-textured with a low fertility status.  
Results of particle size analysis of the soil 
are shown in Table 1. The organic matter 
content of the soil varied from 1.1 to 2.4% 
while the field capacity varied from 25.0 to 
28.4 cm3 cm-3. The highest organic matter 
content of 2.4% was obtained on the plots 
that were not well drained. An increase in 
soil moisture content resulted in a reduction 
of soil stability because of low quantities of 
clay and organic matter. The minimum 

Table 1. Some soil properties (0-30cm depth) across the field at Samaru, Nigeria. 

Property N b Mean Minimum Maximum 
Particle size analysis: 
Sand (%, w/w) 
Silt (%, w/w) 
Clay (%, w/w) 

 
15 
15 
15 

 
67 
15 
18 

 
65 
14 
16 

 
70 
17 
19 

Other characteristics: 
Organic matter (%) 
Porosity (%) 
Bulk density (g cm-3) 
Field capacity (cm3 cm-3) 

 
15 
15 
15 
15 

 
1.9 

29.4 
1.5 

26.8 

 
1.1 
28.7 
1.4 
25.0 

 
2.4 

30.1 
1.6 

28.4 
Atterberg limits (g per 100g) a 
Plastic limit 
Liquid limit 
Plastic index 

 
15 
15 
15 

 
23 
36 
13 

 
18 
30 
12 

 
25 
40 
15 

a ( British Standard 1377, 1975). 
b Number of spots randomly sampled. 
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moisture content at which the soil will flow 
under its own weight (liquid limit) ranged 
between 30 and 40 g/100g.  The minimum 
moisture content at which the soil may be 
rolled into a thread 3 mm in diameter with-
out breaking up (plastic limit) ranged be-
tween 18 to 25 g/100g. The soil can be de-
scribed as having a low to intermediate plas-
ticity. 

The distribution of crop roots in the soil 
profile of the five tillage treatments are 
shown in Table 2. Although few roots of the 
crop were observed to have penetrated be-
yond 30 cm, most roots resided above the 30 
cm soil depth. The longer the root length, 
the more the root length density. Root length 
of 24.0 cm produced the root length density 
of 0.4cm cm-3 under T1 treatment while root 
length of 40.0 cm produced the root length 

density of 0.9 cm cm-3 under T4 treatment in 
1997.  Shallow (0-15.0 cm) tilled plots of T1 
showed low root length and root length den-
sity as compared with deep (0-28.0 cm) 
tilled plots of T4 (Table 2). These results 
emphasise the importance of deep tillage in 
seedbed preparation for maize production.  
There was higher soil penetration resistance 
in shallow (0-15.0 cm) tilled plots of T1 
which restricted root growth further than in 
deep (0-28.0 cm) tilled plots of T4. The till-
age depths of 18 cm in T2, 26 cm in T3 and 
25 cm in T5 resulted into root length densi-
ties of 0.5, 0.7 and 0.6 cm cm-3, respectively, 
in 1997 (Table 2). Similar results were ob-
tained in 1998 and 1999. However, tillage 
treatments did not significantly (P<0.05) 
influence the root length densities during the 
three years of the study. An increase in soil 

Table 2. Tillage depth, root length and root length density as affected by tillage treatment at 
Samaru, Nigeria. 

Cropping 
season 

Tillage treatment Root depth (cm) Root length 
(cm) 

Root length density 
 (cm cm-3) 

 
 
 

1997 
 
 
 
 
 
 
 

1998 
 
 
 
 
 
 

1999 

T1 
T2 
T3 
T4 
T5 
LSD (0.05)a 
CV (%) 
 
T1 
T2 
T3 
T4 
T5 
LSD (0.05) 
CV (%) 
 
T1 
T2 
T3 
T4 
T5 
LSD (0.05) 
CV (%) 

15±3 
18±3 
26±2 
27±4 
25±2 
* 
3.7 
 
15±2 
18±2 
26±4 
28±3 
24±1 
* 
3.1 
 
16±1 
19±1 
25±2 
28±1 
25±2 
* 
4.4 

24±1 
30±3 
37±4 
40±5 
45±2 
** 
5.1 
 
25±3 
28±2 
35±2 
41±1 
37±1 
* 
6.8 
 
26±3 
28±2 
34±2 
43±3 
40±2 
* 
4.9 

0.4±0.03 
0.5±0.01 
0.7±0.01 
0.9±0.01 
0.6±0.02 
ns 
0.05 
 
0.4±0.02 
0.4±0.02 
0.6±0.01 
0.8±0.01 
0.6±0.01 
ns 
0.07 
 
0.4±0.02 
0.5±0.03 
0.6±0.03 
0.8±0.01 
0.5±0.01 
ns 
0.08 

a ns: Not significant, * and ** significantly different at P<0.05 and 0.01, respectively.  Values are means of 
fifteen replicates ± standard deviation and CV represents coefficients of variation. T1 = arara ploughing fol-
lowed by zig-zag harrowing and arara ridging, T2 = emcot ploughing followed by zig-zag harrowing and em-
cot ridging, T3 = mouldboard ploughing followed by disc harrowing and mouldboard ridging, T4 = disc 
ploughing followed by disc harrowing and disc ridging; T5 = manual ridging. 
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penetration resistance resulted in a decrease 
in plant height, leaf area index and maize 
grain yield (Table 3) during the three years 
of the study. This result is consistent with 
the findings of Campbell et al. (1986) and 
Dickson et al. (1992) who found that high 
soil compaction decreased crop yield.  Re-
duction in soil moisture content of 15.7%, 
w/w in 1997 to 14.8%, w/w in 1999 in-
creased penetration resistance from 4.3 MPa 
to 4.5 MPa under T1 treatment. Increased 
penetration resistance from 3.1 MPa in T5 to 
4.3 MPa in T1 reduced soil moisture, sowing 
depth, plant height, leaf area index and crop 
yield from 19.4%, w/w to 15.7%, w/w, 2.3 
cm to 2.0 cm, 167 cm to 152 cm, 4.2 to 3.1 
and 3.4 t ha-1 to 2.5 t ha-1, respectively in 
1997 (Table 3). Thus, at a shallower tillage 
depth (15.0 cm) under T1 treatment, the 
lower soil moisture of 15.7%, w/w could be 
expected than in T4 treatment with tillage 
depth of 27.0 cm and soil moisture content 
of 24.2%, w/w. Total maize grain yield re-

duction in the vicinity of 35 to 50% was 
caused by a reduction in soil moisture con-
tents from 15.7 to 24.2%, w/w. Increased 
soil moisture content from 15.7 to 24.2%, 
w/w enhanced plant height, leaf area index 
and maize grain yield. Similar results were 
obtained in 1998 and 1999. 

Tillage treatment of T4 provided adequate 
seed soil contact which, according to Singh 
et al. (1985) and Rainbow (1994), is a pre-
requisite for rapid seedling emergence and 
good crop stand establishment as it provides 
a route through which soil moisture can en-
ter a seed. There were consistent trends in 
maize grain yield with regards to tillage 
treatments. The highest maize grain of 5.4 t 
ha-1 was obtained in 1998 under T4 treat-
ments, while the lowest maize grain yield of 
2.4 t ha-1 was obtained under T1 treatment in 
1997. Tillage effects on maize grain yield 
from 1997 to 1999 were in the order of 
T4>T3>T2>T5>T1. 

Table 3. Tillage treatment effects on maize performance at Samaru, Nigeria. 

Variable b Cropping 
season Tillage treat-

ment 
PR 
(MPa) 

SM 
(%,w/w) 

BD 
(Mgm-3) 

Sd (cm) Hp (cm) LAI Yg 
(t ha-1) 

 
 
 
1997 

T1 
T2 
T3 
T4 
T5 
LSD (0.05)a 

4.3 
4.0 
2.8 
2.0 
3.1 
* 

15.7 
16.0 
22.0 
24.2 
19.4 
* 

1.7 
1.5 
1.4 
1.5 
1.6 
ns 

2.0 
2.2 
2.1 
2.4 
2.3 
ns 

152 
160 
173 
166 
167 
* 

3.1 
4.0 
4.0 
5.3 
4.2 
** 

2.5 
3.6 
4.8 
5.2 
3.4 
** 

 
 
 
1998 

T1 
T2 
T3 
T4 
T5 
LSD (0.05) 

4.2 
4.1 
2.5 
2.3 
3.4 
* 

15.1 
17.3 
21.2 
23.7 
20.0 
* 

1.5 
1.6 
1.3 
1.4 
1.7 
ns 

2.1 
2.2 
2.4 
2.4 
2.3 
ns 

160 
161 
170 
172 
164 
* 

3.0 
4.5 
5.0 
5.2 
3.0 
** 

2.6 
3.7 
4.7 
5.4 
3.4 
** 

 
 
 
1999 

T1 
T2 
T3 
T4 
T5 
LSD (0.05) 

4.5 
4.5 
2.2 
2.0 
3.0 
* 

14.8 
18.1 
20.7 
24.1 
19.0 
* 

1.5 
1.5 
1.4 
1.5 
1.3 
ns 

2.0 
2.2 
2.4 
2.3 
2.3 
ns 

164 
169 
174 
175 
168 
* 

3.3 
4.5 
4.8 
5.0 
3.7 
** 

3.2 
3.9 
4.9 
5.3 
3.5 
** 

a ns:Not significant, * and ** significantly different at P<0.05 and 0.01, respectively.   
bPR, penetration resistance; SM, Soil moisture content; BD, soil bulk density; Sd, sowing depth; Hp, plant 
height; LAI leaf area index; Yg, maize grain yield. Values are means of fifteen replicates ± standard deviation 
and CV represents coefficients of variation. T1 = arara ploughing followed by zig-zag harrowing and arara 
ridging, T2 = emcot ploughing followed by zig-zag harrowing and emcot ridging, T3 = mouldboard ploughing 
followed by disc harrowing and mouldboard ridging, T4 = disc ploughing followed by disc harrowing and disc 
ridging; T5 = manual ridging. 
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Tillage treatment significantly (P<0.01) af-
fected the soil shear strength, emergence rate 
index, leaf area index and maize grain yield 
(Table 4). However, the interactive effects 
of nitrogen level × tillage treatment × plant-
ing method had no significant effect on the 
emergence rate index, leaf area index and 
maize grain yield. In the 3-year study, there 
were no significant differences at P<0.05 in 
emergence rate index and leaf area index for 
the different nitrogen levels tested. Tillage 

systems of T3 and T4 and ridge tillage (T5) 
to 25- 28 cm tillage depth (Table 2) resulted 
in greater plant height, leaf area index and 
maize grain yield (Table 3) than the tillage 
systems of T1 and T2. The depth of water 
penetration and wetter soil, both in the top 
soil and subsoil of  T3, T4 and T5, resulted 
in more intensive root length density (Table 
2). Soil moisture and nutrient transmission 
and storage pores created by tillage systems 
(T3, T4 and T5) in the soil type (Typic 

Haplustalf) investigated might be more sta-
ble with enhanced soil structure than in other 
tillage systems (T1 and T2) and, hence, fa-
cilitated deeper root systems and greater root 
length density. Significant yield differences 
between the years, planting methods and 
tillage systems (Table 4) occurred with 
maize grain yields from T3 and T4 out-
yielding T1 and T2 in Typic Haplustalf. 
However, there was little yield difference 
between T2 and T5 (Table 3) throughout the 

3-year study because of close tillage and 
seeding depths (Tables 2 and 3). The greater 
depth of soil moisture penetration associated 
with deep tillage may be of significance in 
that it represents a very active storage pool 
of the nitrogen fertilizer applied. The nutri-
ent (nitrogen) becomes available for plant 
uptake, growth and grain yield. Low depths 
of tillage and low nitrogen rates resulted in 
lower crop yields than equivalent rates ap-
plied to deep tilled plots. When nitrogen 

 

Table 4. Combined analysis of variance of tillage effect on maize grain yield at Samaru, Nigeria. 

Variableb 
SS  SS 

At sowing  At emergence 
ERI LAI Yg 

Source  of 
variation 

Df 

  Mean squares and significant of F a 
Replication 
Years (Y) 
Reps (R) 
Nitrogen (N) 
Y × N 
Reps (Y × N) 
Tillage (T) 
N × T 
Y × T 
Y × N × T 
Reps (Y × N × T) 
Planting (P) 
N × P 
T × P 
Y × P 
N × T × P 
Y × T × P 
Y ×N × T × P 
Error 
Total 

3 
2 
6 
3 
6 
27 
4 
12 
8 
24 
144 
1 
3 
4 
2 
12 
8 
30 
180 
479 

246.662 
6.804* 
23.034 
64.040** 
8.962** 
5.961 
5870.479** 
26.709** 
12.509** 
5.786** 
8.867 
59.925** 
5.971** 
24.347** 
16.047** 
1.662ns 
3.648** 
1.312ns 
5.692 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

242.043 
22.135** 
93.672 
2.185ns 
1.449ns 
0.919 
4242.799** 
1.823* 
57.631** 
0.688ns 
8.347 
12.578** 
1.412ns 
1.492ns 
0.186ns 
1.237ns 
0.465ns 
0.910ns 
0.910 

69.621 
1.168ns 
4.636 
0.810ns 
0.081ns 
0.140 
37.583** 
0.082ns 
1.829ns 
0.067ns 
0.595 
40.542** 
0.146ns 
1.056ns 
13.238** 
0.100ns 
0.351ns 
0.111ns 
0.215 

265.871 
0.558ns 
0.789 
2.421ns 
0.105ns 
0.121 
25.483** 
0.038ns 
0.158ns 
0.033ns 
0.209 
13.872** 
0.040ns 
0.080ns 
0.137ns 
0.031ns 
0.032ns 
0.023ns 
0.044 

10.942 
14.637** 
1.376 
0.256ns 
0.031ns 
0.017 
37.038** 
0.009ns 
1.201ns 
0.193ns 
0.249 
9.344** 
0.024ns 
0.129ns 
1.274ns 
0.021ns 
0.598ns 
0.020ns 
0.137 

a*,** significantly different at P<0.05 and 0.01, respectively; ns : Not significant. 
b SS, soil shear strength; ERI, emergence rate index; LAI, leaf area index; Yg, maize grain yield. 
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availability in the soil is low, the microbial 
biomass out competes the crop for the nitro-
gen and yields are reduced (Rice and Smith, 
1983). Furthermore, the tendency for nitro-
gen fertilizer to accumulate at the soil sur-
face and the buildup of nitrogen in shallow 
tilled soils is high indicating a decrease in 
the availability of organic nitrogen to micro 
organisms with soil depth. 

CONCLUSIONS 

The trends observed during the three years 
of this study showed that adverse conditions 
during seedling emergence and grain fill 
affected the maize grain yield (Yg). Also, 
soil moisture content and sowing depth in-
fluenced the emergence rate index (ERI), 
leaf area index (LAI) and early plant growth.  
Total Yg reduction in the range of 39.0- 
50.0% can be expected in the soil moisture 
content reduction from 24.2–15.7%, w/w. A 
penetration resistance (PR) of 4.0 - 4.5 MPa 
reduced maize yield because of restriction of 
rooting depth and water supply while a PR 
of 2.0-3.4 MPa enhanced maize grain yield.  
Deep (0-28.0 cm) tilled plots showed higher 
root lengths and root length densities than 
shallow (0-15.0 cm) tilled plots. Tillage 
treatment significantly (P<0.01) affected the 
ERL, LAI and Yg in the order of 
T4>T3>T2>T5>T1. The depth of water 
penetration, the wetter soil, both in the top 
soil and sub soil of T3, T4, and T5 resulted 
into a deeper root length, more intensive 
root length density and the nutrient (nitro-
gen) becomes more available for plant up-
take, growth and grain yield. Use of T4 is a 
good option for the enhancement of ERI, 
LAI and Yg by reducing excessive soil 
compaction, providing adequate seed-soil 
contact and soil moisture availability. 
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اي  ن محصول ذرت در اقليم حارهورزي بر رشد و ميزا اثرسيستمهاي مختلف خاك
 نيمه خشك

 يوسف. د .د

 چكيده 

 براي بررسي اثر سيستمهاي مختلف خاكورزي بر رشد و ميزان محصول ذرت  اي آزمايشات مزرعه
،  )تيمار اول(و نواري  ورزي شامل شخم آرارا قبل ازچنگك زيگزاگ تيمارهاي خاك. طراحي گرديد

، شخم باخيش قبل ازچنگك باديسك )تيمار دوم(مكات نواري شخم امكات قبل از چنگك زيگزاگ و ا
تيمار (، شخم با ديسك  قبل از چنگك با ديسك و ديسك نواري )تيمار سوم(و شخم با خيش نواري 

 15صفر تا (به طور كلي، در كرتهاي با شخم سطحي . بودند) تيمار پنجم(، شخم نواري دستي )چهارم
 28صفر تا (شه و دانسيته طول ريشه در مقايسه با كرتهاي با شخم عميق تر از تيمار اول، طول ري) سانتي متر
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در هر صورت، مقاومت به نفوذ بيشتري در تيمار اول در مقايسه با . ازتيمار چهارم كمتر بود) سانتي متر
 مگاپاسكال سبب كاهش ارتفاع 5/4 تا 4افزايش مقاومت خاك در محدوده . تيمار چهارم وجود داشت

علت كاهش ميزان محصول به . اهش شاخص سطح برگ و كاهش ميزان محصول ذرت گرديدگياه، ك
تيمار .  درصد وزني باشد7/15 به 2/24 درصد مي تواند به علت كاهش ميزان رطوبت از 50 تا 35ميزان 

در هر صورت، تفاوت معني داري .   بر ميزان محصول موثر بود(P<0.01)خاكورزي به صورت معني داري 
 درصد در اثرات متقابل سطوح نيتروژن، روشهاي كشت و تيمارهاي خاكورزي   بر نسبت 5ح در سط

 . جوانه زني، شاخص سطح برگ و ميزان محصول در وجود نداشت
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