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Abstract

Tillage and residue management practices are known to affect seedling emergence and growth. However, information on
direct seeded rice (Oryza sativa L.) in rice–wheat (Triticum spp.) cropping system is lacking. Thus a study was undertaken
under different tillage (conventional and zero tillage) and residue (residue-retained and removed) management options on
rice seedling emergence and growth in rice–wheat system on a Vertisol of Central India. Seedling emergence was greater in
residue removed plots compared to residue-retained one. Prediction of rice seedling emergence with the France and Thornley
[Mathematical Models in Agriculture and Related Sciences, Butterworths, London, 1984] model and growth by the Logistic
and Gompertz model, and Monomolecular model were also attempted. Emergence indicators showed that seedling emergence
of rice was favored more by conventional tillage than zero tillage in wheat. Of the three models tested, the Gompertz
model gave the best fit. The effect of tillage and residue of wheat on the estimated parameters of the models were also
studied.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Tillage is practiced for various advantages includ-
ing controlling weeds, break crusts (improve water
entry), increase surface roughness (assist water stor-
age) and prepare a seedbed. The type of tillage de-
pends upon the soil type and the climate of the area.
Tillage practices affect mechanical characteristics of
the seedbed considerably and thus the crop emer-
gence. As reported byLeslie (1965)crop emergence

∗ Corresponding author. Tel.:+91-755-2734221;
fax: +91-755-2733310.
E-mail address: mmohanty@iiss.mp.nic.in (M. Mohanty).

is commonly a major problem in Vertisols due to
inadequate soil moisture and poor structure of the
seedbed. Press wheels can in some cases, greatly
improve emergence (Smith et al., 1984). Mainte-
nance of crop residue on soil surface through zero
tillage has been shown to benefit some Vertisols due
to improved soil physical properties in northeast-
ern Australia (Freebairn et al., 1986a,b; Sallaway
et al., 1990). Radford and Nielsen (1983)have re-
ported that stubble retention may improve seedling
emergence in Vertisols, however others (Thomas
et al., 1990) have reported that zero and reduced
tillage with stubble retention decreased seedling
emergence.

0167-1987/$ – see front matter © 2003 Elsevier B.V. All rights reserved.
doi:10.1016/j.still.2003.10.001



168 M. Mohanty, D.K. Painuli / Soil & Tillage Research 76 (2004) 167–174

Gan et al. (1992)reported that plants that emerge
early contribute more to crop yield than those that
emerge later. Thus, desirable crop yields are achieved
by providing seeds with an environment that en-
courages early germination and emergence. Several
authors have emphasized the importance of analyz-
ing the stand establishment process and have shown
that the main factors affecting germination, seedling
emergence and plant establishment are associated
with the mechanical characteristics of the seedbed
(Jensen, 1971; Blacklow, 1972; Schneider and Gupta,
1985). The mechanical characteristics of seedbeds
are influenced by tillage practices. Tillage influences
bulk density, penetration resistance, aggregate mean
weight diameter and surface roughness (Carman,
1996) and is practiced to induce a congenial environ-
ment for crop establishment.Chastain et al. (1994)
reported that high levels of residue cover reduced
emergence rate of wheat probably by reducing seed
soil contact. Swan et al. (1996)reported that re-
moving excessive plant residue from the seed row
increased the germination and emergence rate of
maize.

There is little information on emergence of rice
seedlings under different tillage and crop residue sys-
tems. This may be because rice is mostly transplanted.
Some recent reports suggest that direct seeding of rice
can increase the productivity of rice–wheat systems
on a Vertisol (Painuli, 2000) and that residue should
be retained in situ to maintain soil organic matter.
The objective of the study reported here was to de-
termine the emergence and growth of dry-seeded rice
in a rice–wheat system on a Vertisol under different
tillage and wheat residue management. Prediction of
the emergence and growth of seedlings by suitable
growth models was also attempted.

Table 1
Sequence of treatment imposition

Rice, 2000 Wheat, 2000–2001 Abbreviation Rice, 2001

Rice sown directly and
residue-retained at harvest

Wheat sown under conventional tillage
and residue (5000 kg ha−1) retained

Rr , CT Rice under conventional tillage
imposed overRr , CT

Rice sown directly and
residue-retained at harvest

Wheat sown under zero tillage and
residue (4500 kg ha−1) retained

Rr , ZT Rice under conventional tillage
imposed overRr , ZT

Rice sown directly and
residue removed at harvest

Wheat sown under conventional tillage
and residue (5000 kg ha−1) removed

R0, CT Rice under conventional tillage
imposed overR0, CT

Rice sown directly and
residue removed at harvest

Wheat sown under zero tillage and
residue (5000 kg ha−1) removed

R0, ZT Rice under conventional tillage
R0, ZT

2. Materials and methods

2.1. Site and soil

The field experiment was conducted during the wet
season of the year 2001 at the experimental farm of
the Indian Institute of Soil Science, Bhopal, Mad-
hya Pradesh, India, located at 485 m above mean sea
level. The soil had not had a rice crop in the last
few decades but had been under soybean (Glycine
max L. Merr.) based cropping systems. The soil is an
Entic Chromusterts with 520 g kg−1 clay, 300 g kg−1

silt, 180 g kg−1 and soil pH was 7.8 and CEC was
49 cmol (p+) kg−1, and organic carbon was 4.6 g kg−1

in the surface 0–15 cm layer. The drainage rate of the
profile is 5 mm per day during thekharif season.

2.2. Tillage and residue levels

The sequence of treatment imposition is given in
Table 1. In the year 2000, direct seeded rice was sown
in conventionally tilled dry soil (one pass of a disc har-
row followed by two passes of a duck foot cultivator)
and at harvest, rice residue of 30 cm height (approxi-
mately, 5000 kg ha−1) was retained in residue-retained
plots and removed from other plots for the succeeding
wheat crop. Conventional (one pass of a disc harrow
followed by two passes of a duck foot cultivator) and
zero tillage (sowing by Pantnagar zero till seed drill
in the untilled soil) were the two tillage treatments
imposed in wheat. In the second year for rice, wheat
residue of 45 cm height (approximately 4500 kg ha−1)
was retained in residue-retained plots; residue was
removed from the non-residue-retained plots. In year
2001, the soil was conventionally tilled and the rice
was seeded with a seed drill at 100 kg ha−1. The



M. Mohanty, D.K. Painuli / Soil & Tillage Research 76 (2004) 167–174 169

residual effect of tillage and residue treatments in
wheat on rice seedling emergence was studied.

The data were analyzed using the standard proce-
dure for a split plot design (Cochran and Cox, 1957)
to compare treatment means. Analysis of variance
(ANOVA) technique was used to test the treatment
effects. Treatment means were compared using least
significant difference (LSD) procedure at the 5% level
of significance.

2.3. Plant observations

Seedling emergence was determined by daily count-
ing the number of newly emerged seedlings in 1 m
length of row, with three replications. Two methods
were used to analyze emergence. In the first method,
speed of emergence (Tessier, 1988), mean emergence
date (MED), emergence rate index (ERI) and relative
emergence (RE) (Bilbro and Wanjura, 1982) were cal-
culated directly from the emergence count as follows:

SOE= N1 + N2 + · · · + Nn

t1 + t2 + · · · + tn
(1)

MED = N1t1 + N2t2 + · · · + Nntn

t1 + t2 + · · · + tn
(2)

ERI = N1 + N2 + · · · + Nn

MED
(3)

where N1, N2, . . . , Nn are the number of newly
emerged seedlings in timet1, t2, . . . , tn since the start
of seedling emergence, respectively.

In the second method, the RE data was fitted us-
ing non-linear regression procedures to the Logistic
growth model of the following form (France and
Thornley, 1984):

RE = 1

1 + exp(a + bt)
(4)

In the equation,a is the constant of integration andb
the emergence rate constant andt the time since sow-
ing. The Logistic growth model has been used success-
fully to assess the effect of environmental conditions
on seed germination (Schimpf et al., 1977). The Lo-
gistic growth model has a point of inflection, at which
the rate of emergence reaches a maximum and this
occurs at a time when RE= 0.5M whereM is a pa-
rameter describing the maximum number of seedlings
that eventually emerged (France and Thornley, 1984).

The time at which the point of inflection occurs also
called the median emergence time (T0.5), is given by

T0.5 = a

b
(5)

The maximum emergence rate (MER) is given by

MER = 1
4(Mb) (6)

2.4. Modeling growth of rice seedlings

In the absence of a general theoretical equation to
describe seedling growth, three empirical curvilinear
growth functions historically used for analyzing dry
matter accumulation versus time (namely the Logistic,
Gompertz and Monomolecular equations) were exam-
ined for applicability. A common property of these
models is that the length (L) approaches a constant
(Lf ) as time approaches infinity. In fact the seedling
temporarily stops increasing in height and increases
its number of leaves just after emergence (2–3-leaf
stage). It was assumed that temperature and soil water
potential remained unchanged over the study period.

2.5. Parameter estimation

On the basis of experimental data related to growth
of shoots in different tillage and residue management
practices at a constant temperature, a non-linear re-
gression fitting procedure was used to estimate the pa-
rameters of the three functions given below.

2.5.1. The logistic model
This is a symmetrical logistic function with an in-

flection point:

L(t) = L0Lf

L0 + [Lf − L0] exp(−Γ0t)
(7)

whereL(t) is the length in mm of shoot at any time,
L0 the length at the onset of growth(t = 0), Γ 0 the
relative growth rate at time 0 (per day).

Assuming thatL0 = 1 mm just after germination,
the above equation can be written as

L(t) = Lf

1 + [Lf − 1] exp(−Γ0t)
(8)

Thus, only two parametersLf andΓ 0 were to be es-
timated.
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2.5.2. The Gompertz model
This is an asymmetrical function with an inflection

point; in this case RGR (relative growth rate) defined
by Γ , decreases exponentially with time:

L(t) = Lf exp[{−ln(Lf )}{exp(−Kgt)}] (9)

whereKg is the relative growth rate
Only two parametersLf and Kg were to be esti-

mated.

2.5.3. The Monomolecular model
The mathematical function is an increasing one

without any inflection point:

L(t) = Lf [1 − exp(−Kmt)] (10)

where theKm (per day) is a proportionality coefficient
to Γ and the equation implies thatL0 = 0 whent = 0.
Two parametersLf andKm were to be estimated.

2.6. Model evaluation

Seedling emergence rate and growth were the vari-
ables on which the model predictions were compared
with the observed values. Only one model was used
for emergence whereas three models were used for
growth of seedlings. The statistical criteria used to
compare the predicted (Pi) and observed (Oi) values
for growth models wereEqs. (11)–(13)as suggested
by Smith et al. (1996).

• Modeling efficiency (EF):

EF = 1 −
∑i=n

i=1(Pi − Oi)
2

∑i=n
i=1(Oi − Ō)2

(11)

• Root mean square error (RMSE):

RMSE= 100

Ō

√∑i=n
i=1(Pi − Oi)2

n
(12)

• The coefficient of residual mass (CRM):

CRM =
∑i=n

i=1Oi − ∑i=n
i=1Pi∑i=n

i=1Oi

(13)

In the above equations,n is the number of times
heights of the seedlings were observed andŌ the
mean observed values.

3. Results and discussion

3.1. Rice seedling emergence under different tillage
and residue management

At any given time percent emergence was less in ZT
andRr plots than in the CT andR0 plots, respectively
(Fig. 1) A lower ultimate emergence under ZT than
under CT may be because larger aggregates caused
seedling entrapment (Durr and Jean-Noel, 2000) as
well as poorer seed–soil contact. This, as reported by
some researchers (Schneider and Gupta, 1985; Hayhoe
et al., 1993) could introduce increased variability in

Fig. 1. Emergence of rice seedlings as affected by tillage in wheat
(CT and ZT) and residue management in rice and wheat (R0 and
Rr).
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the rate of emergence as well as in the final stand
establishment.

3.2. Final emergence percent, maximum and ultimate
emergence and 50% emergence versus tillage and
residue management

After 25 days, no difference in final emergence per-
centage was observed among the various treatments
but the time required to reach maximum or ultimate
emergence as well as 50% emergence (T0.5), varied.
Emergence indicators (SOE, MED, ERI, MER and
T0.5) showed that seedling emergence of rice was

Fig. 2. Observed versus predicted values for the RE of rice in CT, ZT,R0 and Rr treatments as predicted by Logistic growth model.

favored by CT when compared with ZT in wheat
(Table 2). R0 increased rice seedling emergence com-
pared with theRr treatments.

3.3. Estimation of seedling emergence parameters

Fitting of the RE data of each treatment to the Lo-
gistic model (Fig. 2) showed that the parametersa and
b were different for all the treatments (Table 2). The
values of the median emergence date predicted by the
Logistic model were in close agreement with the time
required for 50% emergence calculated directly from
interpolation of the raw emergence data.
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Table 2
Emergence indicators of rice seedlings (Tessier, 1988; Bilbro and Wanjura, 1982) and empirical constantsa, b and coefficient of
determinations (R2) for emergence of rice seedlings as estimated from Logistic model (France and Thornley, 1984) under different tillage
and residue management

Treatments Emergence indicatora Empirical constants

SOE MED ERI MER T0.5 a b R2

CT 0.48 6.08 36.69 18.36 12.19 4.00 0.33 0.98∗
ZT 0.30 4.61 33.21 15.95 13.49 5.56 0.41 0.99∗

LSD (P = 0.05) 0.08 1.11 1.55 1.78 NS 0.25 NSb

Rr 0.32 5.98 34.84 13.96 13.30 5.25 0.39 0.98∗
R0 0.43 4.70 35.06 20.35 12.48 4.32 0.35 0.98∗

LSD (P = 0.05) NS NS NS 2.55 NS NS NS

a SOE: speed of emergence (plants per day); MED: mean emergence date (days); ERI: emergence rate index (per day); MER: maximum
emergence rate (plants per day);T0.5: median emergence time (days).

b Non-significant.
∗ Significant at 5% level.

3.4. Shoot growth responses to tillage and residue of
wheat

Fig. 3 shows the sensitivity of rice shoot elonga-
tion to residual effects of tillage and effects of wheat
residue management practices. Shoot length of rice
seedlings was significantly smaller in ZT compared
with CT at 15 days after emergence and remained so
until 35 days. The growth of rice seedlings underRr
was less compared with that in theR0 conditions, but
the difference was not significant.Alsaadawi et al.
(1998) reported allelopathic effect of wheat residues
on rice seedling growth. The extent to which this might
have affected the rice seedling growth in this study
is unknown. The differences in shoot lengths between
the tillage treatments were pronounced in the early
stages, whereas the differences in between the residue
treatments was evident only in the later stages.

3.5. Estimation of seedling growth parameters

We compared three empirical growth functions to
select the best model. Overall results (Table 3) showed
that

1. Curve fitting generally gave efficiency >0.90 in all
three cases.

2. Among the three models, the Gompertz and the
Monomolecular models gave quite satisfactory re-

sults as the predicted values from the model and
the observed values from the experiment were close
(EF 0.98 in most of the cases and RMSE< 7.0,).
The Logistic model was not further considered be-
cause of the higher RMSE values (>13 in all cases).

3. Between the Gompertz and the Monomolecular
models, the predicted changes in growth of rice
seedlings with time were slightly greater than
the observed values in the Monomolecular model

Table 3
Values of statistical criteria for growth models on all treatments

Models EF RMSE CRM

CT
Logistic 0.93 14.08 0.043
Gompertz 0.98 5.92 0.016
Monomolecular 0.93 5.70 −0.0007

ZT
Logistic 0.94 14.41 0.036
Gompertz 0.98 6.35 0.018
Monomolecular 0.93 5.63 −0.004

Rr

Logistic 0.94 13.94 0.037
Gompertz 0.98 5.90 0.013
Monomolecular 0.98 5.89 −0.003

R0

Logistic 0.93 14.87 0.040
Gompertz 0.98 7.00 0.016
Monomolecular 0.99 5.83 −0.0007
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Table 4
Empirical constants; final length (Lf ), proportional (Km) or attenuated coefficient (Kg) of the tillage and residue relationships for shoots
for Eqs. (8)–(10)

Treatments Logistic Gompertz Monomolecular

Lf Γ 0 Lf Kg Lf Km

CT 72.20 0.337 79.10 0.143 125.59 0.030
ZT 61.62 0.316 68.50 0.133 120.44 0.024

LSD (P = 0.05) 1.25 NSa 3.33 NS 1.65 NS
Rr 63.93 0.323 70.68 0.137 117.52 0.027
R0 67.53 0.326 75.20 0.135 132.45 0.024

LSD (P = 0.05) 2.22 NS 2.63 NS 4.55 NS

a Non-significant.

Fig. 3. Shoot length of rice seedlings as affected by tillage and
residue of wheat (vertical bar represents LSD at 5%).

(CRM having negative values in all cases) though
it fitted well with the shape of the experimental
data for rice. So, this showed a slight over pre-
diction in the case of the Monomolecular model.
However, Bouaziz and Bruckler (1989)reported
the non-applicability of this model in the case of
growth of wheat in the laboratory, as the shape
of experimental data curve did not fit with the
function.

4. The Gompertz model was considered to fit best of
the three models.

3.6. Estimated parameters under different tillage
and residue management

All estimated parameters corresponding to dif-
ferent tillage and residue treatments were analyzed
independently of each other. Tillage and residue had
different effects on Gompertz parametersLf and Kg
and Logistic parametersLf andΓ 0 and Monomolecu-
lar parametersLf andKm (Table 4). TheLf decreased
significantly with ZT andRr treatments compared
with the CT andR0 treatments.Lf varied from ap-
proximately 61 to 132 mm across all treatments and
models. The parametersΓ 0, Kg and Km were least
affected by tillage and residue treatments and they
showed nothing but the relative growth rates for every
model.

4. Conclusions

From the standpoint of seedling emergence, a good
seedbed must provide physical conditions conducive
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to maximize emergence and speed of emergence.
An empirical approach that takes into considera-
tion the growth of rice seedling has been proposed.
Curve fittings according to the Gompertz, Logistic
and Monomolecular models gave satisfactory results.
Among the models, the Gompertz model proved to
be the best one.
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