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Abstract:Heavy crop residue on the soil surface impedes no-till sowing performance and subsequent crop production in conservation
tillage systems and therefore limit its adoption by farmers. Therefore, a field study was conducted to determine the effects of various
residue management methods on no-till sowing performance. The experimental design was a randomized complete block in five
replications. The residue management systems were in four levels of leaving (R.M1), removing (R.M2), shredding (R.M3) and
disking (R.M4). No-till sowing performance index was developed based on principal component analysis (PCA) to group and
identify the most effective indicators of sowing performance. The results showed that various residue management methods had a
significant effect on sowing depth, speed of emergence, effective field capacity, and depth uniformity. The minimum and maximum
sowing depth were observed for the R.M1 and R.M4 treatments, respectively. The findings revealed that the speed of emergence and
depth uniformity were higher under R.M2 and R.M3 as compared to R.M1 and R.M4 treatments. PCA results indicated that depth
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uniformity, the speed of emergence and planting depth were the key variables for evaluating no-till sowing performance.
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1 Introduction

In the last few years, the economic and environmental
implications of conventional tillage, such as wind erosion,
inverting soil layers, soil moisture loss and greenhouse gas
(carbon) emission have led to the examination of no-tillage
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in arid and semi-arid regions. Conservation tillage plays an
important role in reducing production costs, reducing runoff,
increasing soil organic matter and water infiltration rate
(Siemens et al., 2004; Zentner et al., 2002; Wilkins et al.,
1998). Despite these advantages, high levels of crop
residues, from 3 t ha® to more than 10 t h™, present a
constraint to the adoption of conservation tillage systems
such as no-till by farmers, because crop residue on the soil
surface affects no-till sowing performance and subsequent
crop production (Siemens et al., 2004; Carter 1994.) The
major problem in no-till sowing is the high and unmanaged
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crop residue, which hinder the operation of no-till machine.
The standing stubbles of height up to 30-40 cm do not
affect the sowing performance of seed drills, but rows of
long, loose straw left after combine harvesting cause
frequent choking between furrow openers and the frame of
the no-till drill (Singh and Singh, 1995). Bgrresen (1999)
reported decreased yields where straw was left on the soil
surface, especially in a humid climate. Since, planter
performance can be evaluated in terms of parameters such
as sowing depth, uniformity sowing depth, emergence rate
and plant population, Swan et al. (1994) observed that
surface residue decreased planting depth and uniformity of
the plant spacing and increased the number of seeds placed
closer to the surface. Maintaining in a uniform seeding
depth is critical to achieve high speed of emergence (Chen
et al., 2002; Stocktone et al., 1996). Loeppky et al. (1989)
investigated the effect of seeding depth on winter wheat
growth and development. They found that increase in
seeding depth as small as 17 mm resulted in a significantly
delayed plant emergence. Moreover, Siemens et al. (2004)
discussed the problems associated with drill performance
when seeding into heavy concentrations of residue and the
research efforts to overcome these issues.

The major limitation of hoe-type planters is their
propensity to plug in heavy residue, causing reductions in
field capacity, and large piles of residue to form behind the
drill that covers the seed row and suppress seedling growth.
Disc-type seeding tends to have poor seed placement
because the openers push residue into the seed furrow or
ride on the top of the residue and place on the soil surface.
Equipment modifications to overcome these problems
included increasing the spacing between openers by
increasing row spacing or adding toolbars, use of various
row cleaning devices and attachments such as coulters to
cut through the residue ahead of the furrow openers.
Despite these efforts, a consensus indicates that there is a
lack of reliable, optimally performing seeding equipment
for sowing into residue densities exceeding 2.5 to more
than 4.5 t ha™ (Siemens et al., 2004; Slattery and Riley,

1996; Erbach et al., 1983). Given the limitations of design
modifications of a no-till sowing, another approach is to
manage the size, condition, and distribution of crop residue
in a way that effectively drills performance can be obtained.
Rasmussen et al. (1997) reported that 30- to 40- cm tall
standing stubble decreased grain yield of winter wheat 13%,
compared to crops planted into stubble that had been finely
chopped. Siemens and Wilkins (2006) found that stand
establishment was over 30% greater in the baled treatment
(removing the residue by baling) as compared to the high
residue concentration and the disked treatments. No-till
handbooks intended for growers often emphasized the
importance of residue management for successful drill
performance, stand establishment, and crop production in
conservation tillage systems (Smith et al., 2000; Green and
Poisson, 1999).

However, limited published information is available in
Iran about the effectiveness of residue management in
heavy crop residue or its impact on no-till sowing
performance and crop production. To improve no-till
system performance, a better understanding of residue
management and its impact on seeding machine
performance and subsequent crop production is needed.
Thus, the objective of this study was to investigate the
effects of different residue management methods on no-till
sowing performance in terms of effective field capacity,
planting depth, speed of emergence, and depth uniformity.
In addition, we used principal component analysis (PCA) to
identify the most effective indicators for evaluating no-till
sowing performance in Darab of Fars province, one of the
main wheat-corn growing areas in the south region of Iran

2 Materials and methods

2.1 Site description and experimental design

This study was carried out from 2014 to 2016 at the
Darab Agricultural Research Station in Fars Province,
located in the southwestern region of Iran (28° 47" ° N,
57° 17’

semi-arid climate. The total amount of annual rainfall is

,E ; 1120 m above sea level). The region has a
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about 265 mm, most of which occur during the winter.
During the growing season, the minimum and maximum air
temperatures were 15.8°C and 29.9°C, respectively. The
soil texture was loam (17.95% clay, 41.75% silt, 40.3%
sand) down to a depth 40 cm. Soil organic matter was 6.5 g
kg-1 at the 0-20 cm depth. Saturated paste extract electrical
conductivity (EC) and pH were 0.62 dSm-1 and 7.91,
respectively. The experimental design was a randomized
complete block with four treatments and five replications.
The residue management systems included leaving (R.M1),
removing the residue by bailing (R.M2), shredding (R.M3)
and disking (R.M4) of corn residues. Plots were 3 m wide
by 30 m long to accommodate one pass of the no-till
planter. The average initial aboveground residue
concentration was 11.4 t ha™ on the study site.
2.2 Crop management

The field was covered with residues of the previous
crop (irrigated corn). A flail shredder was used in the
shredded treatment (R.M3) and an offset disk harrow was
used in R.M4 treatment. For the baled treatment (R.M2),
residue size and concentration were determined by
collecting the aboveground dry matter after baling. In the
disked treatment (R.M4), because it was difficult to
separate surface residue from incorporated residue
accurately, residue densities were estimated by assuming
that disking would incorporate 55% of the crop residue
initially on the soil surface (Shelton et al., 2000). All plots
were seeded with winter wheat (Chamran variety) with a
280 m wide, 17.5 cm row spacing, no-till planter
manufactured by Pierobon, TD, Argentina. The planter
equipped with the double-disk opener, ripple coulter, and
inclined press wheel. The soil was fertilized with urea and
triple superphosphate. 30 kg N ha™ and 90 kg P205 ha™
were applied at planting and 60 kg and 80 kg N ha™ of urea
were applied in the tillering and stem elongation stages,
respectively. During the wheat growing season, weeds were
controlled using Axial (1.5 L ha™) and Bromicide MA (1L
ha™). The Irrigation was carried out at 50% depletion of

available water determined gravimetrically in the top 30 cm

of soil.
2.3 Measurements and data analysis
2.3.1 Crop residue condition
To characterize the size and concentration of residue
on the soil surface before seeding, a 1 m? quadrant was
used to collect surface residue before seeding trial. The
quadrant was randomly placed on the soil surface, and
standing and flat or on-ground residues confined.
Measurements were made at four random locations in each
plot. Residues collected were taken to the laboratory, oven-
dried at 60° C for 72 h and weighed to determine the dry
matter mass of surface residue per hectare (Chen et al.,
2004).
2.3.2 Residue cover
Residue cover was determined after planting using the
line-transect method, which measures the proportion of
ground cover along a continuous strip (Wysocki, 1989). On
each plot, three replications of line transect measurements
were completed to estimate residue cover percent after
planting.
2.3.3 Effective field capacity and speed of emergence
The effective field capacity (EFC), theoretical field
capacity (TFC), and field efficiency (e) was calculated by
recording the time consumed for actual work and the time
lots of other miscellaneous activity such as turning the
adjustment under field operating conditions. The theoretical
field capacity is calculated as follows:
TFC= WxS/10 @h)
and the effective field capacity was calculated using the
following equation
EFC=TFCxe 2
Where: W= machine working width (m), S= machine
forward speed (km h™'), TFC= theoretical field capacity (ha
h), e= field efficiency (decimal), and EFC= effective field
capacity (ha h-1)
The speed of emergence was calculated by: (Tessier et
al., 1991)
SE= X (Ni/di)/L, (3)
Where SE is the speed of emergence per unit row length
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(plants m™ per day), Ni the number of newly emerged
seedlings counted per day di and L the length of the row
counted (m) in each plot. Plant counts were made in a 2 m
long staked row at four random locations on each plot at 2,
4, 6, 8, 10, and 12 days after the first seedling emergence
and weekly after that until a stable count was obtained.
2.3.4 Seeding depth

The seeding depth of wheat was determined by
measuring the CFL (chlorophyll-free length, from the seed
remnants to the onset of the green stem) of the seedlings
(Tessier et al., 1991). After the final plant count was
completed, five wheat seedlings were uprooted from each
row that was used for plant counting, and their CFL were
measured. The uniformity of seeding depth was
characterized by the seed scatter index (SSI) represented by
the standard deviation of measured seeding depths (Tessier
etal., 1991).
2.3.5 Crop yield

Grain yield was determined by harvesting 14 rows
from each 17 row in the middle of each plot with a plot
combine.
2.3.6 Data analysis

Analysis of variance (ANOVA) was performed using
the SAS statistical software package (SAS Institute, 1994).
Means between treatments were compared with Duncan,s
multiple range tests at a 0.05 level of significance. The
PCA method was employed as a data reduction tool for
evaluating no-till sowing performance index (SAS Institute,
1994). The total variance of each factor was defined as
eigenvalue (Swan and Sandilands, 1995). Within each PC
with eigenvalues = 1 (Brejda et al., 2000) and those that
explained at least 5% of the variation in the data (Wander
and Bollero, 1999) were retained. The indexes of no-till
sowing performance from each factor were selected based
on the correlation coefficients or factor loadings between
performance indexes and each factor (Sharma, 1996;
Johnson and Wichern, 1992).

3 Results and discussion

Crop residue condition and surface residue cover

The residue density and sizing results for the different
residue management methods are presented in Table 1. The
average initial aboveground residue density was 11.4 t ha™.
The maximum concentration of residue was observed in the
R.M3 treatment (11.5 t ha™), while the minimum residue
density occurred in R.M2 (2.1 t ha™). The baling operation
removed over 78% of the residue with the remaining 2.20 t
ha™* of residue on-ground.

Table 1 Residue size and density as affected by different residue
management methods

Residue Residue concentration Stubble Flat Residue
management  Standing Flat Total height residue cover
methods (tha™)  (thal) (tha®)  (cm) length (%)
(cm)
R.M1* 483" 6.7b 115a 32.8a 579a 8l4a
R.M2 - 21c 21c - 63.4a 8.2¢c
R.M3 2.8b 85a 113a 11.2b 12.7¢ 87.8a
R.M4 - 6.2b 6.2b 42.1ab 21.4b

Note: R.M1: leaving, R.M2: removing, R.M3: chopping, R.M4: disking of corn
residues; *Values with the same lower case letter in each column are not
significantly different (P<0.05 ).

It is below the reported 2.5 to 4.5 t ha™ limit for
unimpeded no-till sowing performance (Siemens et al.,
2004; Slattery and Riley, 1996). The results revealed that
the flat or on-ground residue concentration in the R.M1
and R.M3 treatment averaged 6.5 and 8.7 t ha,
respectively (Table 1). Relative to R.M1, R.M3 treatment
was more effective in the reduction of the residue length
(71.2%), indicating that the shredding mechanism was
effective in reducing length (Table 1). Nearly 88% of the
8.7 t ha™* of flat or on-ground residue was less than 13 cm in
length and fairly evenly spread (Table 1). The percent
average residue cover was lowest for R.M2 treatment, and
no significant difference was found between R.M3 and
R.M1 treatments with highest residue cover. The disking
operation (R.M4) left no standing stubble and incorporated
some of the aboveground residue (Table 1).

3.2 Effective field capacity (EFC)
Different residue management had significant effects
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on the no-till planter forward speed and effective field

capacity (Table 2).
Table 2 Analysis of variance for forwarding speed, effective field
capacity, sowing depth, seed scatter index, speed of emergence
and crop yield as affected by different residue management

Previous studies indicated that seeding into heavy
residue could affect forward speed and consequently
effective field capacity (Siemens et al., 2004; Wilkins et al.,
1992). However, the time per hectare required was
increased from 0.66 h to 1.09, 1.02, and 1.12 h in no-till

methods ) )
sowing on R.M1, R.M3, and R.M4 corn residue treatments
Source ~ —Mean squares as compared T2, which was coincided with the result
Fs EFC__ SD ssl SE Y

Year 164  0lns 82264~ 2356ns  388.5ens 135104588 reported by others (Bueno etal., 2007).
Error 0.93 0.009  42.158 337.23 2,516 211197.7 3.3 Sowing and crop performance
RM 387%  0135% 578.99%% 647.33*% 8750 9563795 3.3.1 Seeding depth
Year E 0893 0035 5507 135.9 11.39 102090.8 . .

earErer In both years, comparison of average seeding depth for
cV(®%) 153 182 167 14.7 10.72 156

Note: R.M: Residue management methods, FS: Forward speed, EFC: Effective field
capacity, SD: Sowing depth, SSI: Seed scatter index, SE: Speed of emergence, Y:
Yield, ** and *: Significant at p<0.01 and p<0.05, ns: non-significant

The R.M1 and R.M3 treatments relative to R.M2
treatment led to a significant forward speed reduction by
21.8% and 14.5%
respectively (Table 3). The decrease in forwarding speed

during the seeding operation,
may be attributed to the heavy concentrations of residue
(flat and standing) on the soil surface in R.M1 and R.M3
treatments (Table 1), although, shorter straw flowed more
easily around the opener in R.M3 and plugging problems
were not encountered. The results also indicated that the
maximum E.F.C occurred in the R.M2 treatment (1.15 ha h’
1), and seeding operation in the leaving, shredding and
disking of corn residue treatments (R.M1, R.M3, R.M4)
reduced EFC by 20%, 14.8%, and 22.6% compared to
R.M2, respectively.
Table 3 Means of sowing performance indexes as affected by
different crop residue methods

Note: R.M1: leaving, R.M2: removing, R.M3: chopping, R.M4: disking of corn

FS EFC SD SSI SE
Treatments 1 3 -1
(kmh™)  (hah™) (mm) (mm) (Plant m™ per day)
R.M1+ 4.5b* 092b 192c 9.4b 32.3b
R.M2 5.3a 1.15a 334b 5.1c 35.2a
R.M3 4.7b 098ab 235c 9.2b 33.3ab
R.M4 4.1b 0.89b  443a 13.7a 24.2c
residues

FS: Forward speed, EFC: Effective field capacity, SD: Sowing depth, SSI: Seed
scatter index, SE: Speed of emergence.

*Values with the same lower case letter in each column are not significantly
different (P<0.05).

residue management systems indicated that the seeds were
placed the shallowest in the R.M1 treatment and the deepest
in the R.M4 treatment (Figure 1). The R.M1 and R.M3
treatments relative to R.M2 treatment led to a significant
seeding depth reduction by 42.5% and 29.6%, respectively
(Table 3).

The seedbed of the R.M4 plots was more pulverized by
closely spaced disks (Smith et al., 2002), while the R.M1
and R.M3 plots had a firm seedbed. The loose soil with
lower surface residue allows the furrow opener to work at a
more depth (Table 1, 3). The finding also revealed that
R.M4 promoted the greatest SSI from the mean seeding
depth, while R.M2 promoted the lowest SSI (Table 3). The
seed scatter obtained in R.M1 was similar to the SSI
obtained with R.M3 treatment. The soil loosening status in
the R.M4 and high concentration of on-ground residue in
the R.M1 and R.M3 might have played a major role in this
perspective (Table 1, 3).

#2014 #2015

50
E,“O b
'45_30-; :ﬁ
T 20 c ’,,..-'C
£l 7 ﬁ'
el :

R.M3 R.M4
Residue management methods

Figure 1 Seeding depth as affected by different residue management
methods
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3.3.2. Speed of emergence

Analysis of data on emergence speed indicated that
residue management methods had significant effects on this
factor (Table 2). The R.M2 showed the fast emergence of
wheat seed (35.2 Plant m™ d™), followed by the R.M3
treatment, while R.M4 treatment had the slowest emergence
speed (24.2 Plant m* d) (Table 3). The decrease in
emergence speed can be probably attributed to the higher
SSI in the R.M4 treatment (Table 3). Moreover, the
presence of incorporated residue in the seedbed layer of
R.M4 might have promoted a poorer soil-seed contact
(Chen et al., 2004; Janell et al., 1993). Relative to R.M1,
R.M3 treatment increasing
emergence speed, although there was no significant
difference between them in this study. The proper effect of
shredding may because stubble prevented favorable seed

was more effective in

placement and emergence. This result is in agreement with
the findings by Bueno et al. (2007).
3.3.3 Crop yield

Different had a
significant effect on grain wheat yield (Table 2). Removing
residue treatment (R.M2) provided the highest SE, lowest
SSI and the highest yield of all the treatments (Figure 2).
Crop yield was over 9% greater in the R.M2 treatment as

residue management methods

compared to the high residue concentration within R.M1
treatment. A favorable effect of shredding on no-till sowing
performance and subsequent wheat yield was observed as

compared with non-shredded treatment. On average, an 8.5%

increase was found for wheat yield in R.M3 as compared to
the R.M1 treatment (Figure 2).
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Figure 2 Wheat yield as affected by different residue management
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The increase in crop yield can be probably attributed to
the reduction of Physical effects of residue on seed scatter,
emergence speed and stand establishment. The yield in the
disked treatment (R.M4) was the lowest yield as compared
to other treatments and significantly lower than the R.M2
and R.M3 treatments (Figure 2). Lower yield in the R.M4
was presumably due to high soil loosening and subsequent
high seed depth and reduction of stand establishment.

3.4 Principal component analysis (PCA)

PCA was sowing

performance indexes. Each of the first three factors had

performed using the five
eigenvalues >1 and were retained for interpretation (Table
4).

Table 4 Factor analysis results for sowing performance indexes

Factors
Characteristics F1 F2 F3
Eigenvalue 2.98 1.56 1.11
Percent variance 49.7 26 18.6
Cumulative variance 49.7 75.7 94.3
Eigen vectors
FS -0.489* 0.189 -0.203
EFC -0.289 0.133 -0.405
SD -0.309 -0.012 0.746
SSI -0.555 0.397 0.212
SE -0.335 -0.538 -0.427

Note: *Factor loadings, FS: Forward speed, EFC: Effective field capacity, SD:
Sowing depth, SSI: Seed scatter index, SE: Speed of emergence, Similarly, SD was
selected as representative from factor 3 with the highest weight. Thus, the most
effective indicators selected were SSI, SE and SD (Table 4).

The first-three principal components
cumulative sample variance of 94.3%. The first and the

explained

most important factor, which explained 49.7% of the
variation, had high loading for variable of S.S.l (-0.555).
Factor 2 had high loading from S.E and collectively
explained 26% of the sample variance.

4 conclusions

The results of this experiment on a loam soil in Iran
show that various residue management methods can have a
significant effect on no-till sowing performance indexes.
Particularly, the chopped straw residue on or near the soil
surface (R.M3) enhanced effective field capacity, speed of
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emergence and grain yield compared to leaving and disking
the residue treatments. The reducing residue concentration
to less than 2.5 t ha™* by baling residue (R.M2), resulted in
significant increases in speed of emergence and grain yield
as compared to treatment where the residue was left on the
soil surface (R.M1). The PCA identified three sowing
performance indexes (SSI, SE and SD) as the most
effective indicators a loam soil in Iran.
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