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In the name of Allah

SEEDLING EMERGENCE AND GROWTH
OF SUGARBEETS AS INFLUENCED
BY SURFACE AND INCORPORATION
APPLICATIONS OF PETROLEUM
MULCHE St

S.A.A. Moosavi, and A.R.
Sepaskhah

ABSTRACT

An experiment was conducted to
study the effects of the cati-

onic, anionic, and clay emul-
sions at surface application
rates of 0, 2000, 4000, and
6000 liters/ha and at incor-
poration application rates of
0, 0.05, 0.10, and 0.15% (soil
dry weight basis) on seedling
emergence, early growth, and
vield of sugarbeets in the
greenhouse and in the field.
Also, the effect of incorpora-
tion of Krilium Merlocam (a
copolymer of vinyl acetate and
maleic acid) was investigated
using the same rates of appli-
cation. A local cultivar of
sugarbeets was grown in a silty
clay soil. Surface application
of all types and rates of pe-
troleum mulches significantly
increased percentages of the
emerged seedlings and their
rate of emergence in both
experiments. Incorporation
application did not have any
significant effect on seedling
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emergence and emergence rate in
the greenhouse. However, 1in the

field, application rate of 6000
liters/ha (0.15%) of all petro-
leum mulches significantly in-
creased the percentage and rate
of seedling emergence. In the
greenhouse, incorporation of
clay emulsion and Krilium
Merloam at the rate of 0.15%

had an adverse effect on the growth
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of sugarbeet seedlings and resulted

in chlorosis of leaves. Petroleum mulches did not have any significant
effect on yield and sugar content of sugarbeet in the field experiment.

INTRODUCTION
Calcareous soils with low organic matter contents are dom-
inant in the arid regions of Iran (5). Low stability and
physical degradatien of these soils result in lower seed-
ling emergence, smaller stands, and poor growth of crops.
These soils develop surface crusts in a short time after
irrigation which hinder the emergence of seedlings above
the soil surface (2).

Many types of soil conditioners, including petroleum
mulches, have been used as surface application for seed-
ling establishment (1, 14, 22)EH_Hatchett and Bloodworth
(6) in Texas obtained increases in emergence of cotton
seedlings of 118, 123, and 230% for application rates of
0.56, 1.17, and 1.59 m3/ha of a petroleum mulch, respec-
tively. Anter and Hilal (2) obtained 4.2 and 17.8 times
more corn and barley seedling emergence, respectively, in
so0il treated with a film of 10 micren thick collodion.
Furthermore, increases of 33, 100, and 130% in seedling
emergence were obtained for lettuce, carrot, and onion,
respectively, by petroleum ﬁulching (17, 18).

Petroleum mulches influence the rate of emergence as
well as emergence percentage (L, 17, 18). Sale (17, 18)
reported that time required for 50% emergence of carrot
and cauliflower seedlings was reduced by 80 and 85%,
respectively, due to a petroleum mulch. Johnson et al.
(11) indicated that plant growth was increased in the mulched
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treatment and this growth advantage apparently declined
later in the season.

In contrast to surface application of petroleum mulches,
little data are available regarding their effects on the
seedling emergence and their early growth when applied as
incorporated soil conditioners, Chepil (4) reported an
adverse effect of asphalt-in-water emulsion on corn and
oats yield in laboratory.

The present experiments were designed to study the effects
of three different types of Iranian petroleum mulches at
four different rates applied as surface and incorporation
applications on the seedling emergence, early growth, and
vield of sugarbeets under greenhouse and field conditions.
In the greenhouse experiment, a widely used soil conditioner,
"Krilium Merloam", was used for comparison of the results
with those obtained from the incorporation application.

MATERIALS AND METHODS

The Greenhouse Experiment

The soil used in this experiment was a Calcixerollic Xero-
chrept silty clay collected from the surface horizon of
Bajgah Agricultural Experiment Station of College of Agri-
culture, Shiraz University, 16 km north of Shiraz, Iran.
Selected physioo—chemicéi;properties of the soil are shown
in Table 1. The soil,saﬁples were air-dried, crushed, and
passed through a 2-mm sieve. The average maximum and
minimum daily temperatures in the greenhouse were 34.2 and
13.7°C, respectively, during the experimental period.
Plastic pots (19 cm deep) were filled with 4 kg of air-
dried soil. Nitrogen and P in the form of urea and di-
ammonium phosphate were thoroughly mixed with the soil at
the rate of 57 and 12 mg/kg, respectively.

Thirty polygerm sugarbeet seeds (a local cultivar) were
planted at 2-cm depth in each pot. Petroleum mulches
(anionic, cationic, and clay emulsion) were sprayed on the
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Table 1. Some physico—chemical properties of the soil used.

sand (%) 5
silt (%) 50
clay (%) - 45
Porosity (%) 3 45
Bulk density (g/cm”) 1.46
Water content (weight basis) at -1/3 bar (%) 25.8
Water content (weight basis) at -15 bar (%) 16.8
Mean diameter of aggregates (ram) 0.169
pH (saturated paste) 7.9%
CEC (meg/1009) 17.4
caco, equiv., (%) 45
Orgadic matter (%) 1.8*
1.1

ECe, {mmhos/cm)

*See (16)

soil surface at the rates of 0, 2000, 4000, and 6000 liters/

ds of mulches were diluted three times
as specified by the
eum mulches

ha. All three kin
in water at the time of application,
General characteristics of petrol

manufacturer.
The experiment

used in this experiment are given in Table 2.

Table 2. Some general properties of petroleum mulches used.

. Type of mulch
.I R

Anionic ./ Cationic Clay
Properties emlsion emulsion emulsion
Asphalt (%) 50 60-64 48-50
Water (%) 45-47 33-40 48-50
Emulsifier (%) 2-3 0.5-1 2-3
Type of emlsifier Vinsol resins Fatty amine Bentonite
PH 10-12 2-3 6=7
Hydrophobicity Moderate Moderate Tow

was completely randomized in a 3x4 factorial arrangements

with three replications.
was raised to field capacity by irrigatin

Soil water

g with
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tap water and the pots were irrigated when sail water de-
clined to 60% of the available water capacity. Seedling
emergence was recorded at 4, 5, 8, and 12 days after sow-
ing. At this stage the number of seedlings in each pot
was reduced to four. Irrigation was continued until 83
days after planting, when harvesting was accomplished by
cutting the plants at the soil surface and washing the
roots rree of soil. Tops and roots were then dried at
70°C.

For the incorporated treatment, mulches were mixed with
the soil of the pots (prepared as before) to a depth of
15 c¢m by a mechanical mixer. The rates of application
were 0, 2000, 4000, and 6000 liters/ha, equivalent to 0,
0.05, 0.10, and 0.15% dry weight of the soil, respectively.

—m———

In addition, Krilium Merloam (copolymer of vinyl acetate
and maleic acid) powder was also used with application
. rates of 0, 0.05, 0.10, and 0.15% dry weight of soil and
its effect compared with the petroleum mulches. The ex-
periment was completely randomized in a 4 x 4 factorial
arrangement with three replications.

The Field Experiment

The field experiment was conducted at Bajgah on the same
soil as used in the greenhouse study. Seed bed was pre-
pared in spring and fertilized with 100 kg N and 20 kg P
per hectare in the forms of urea and diammonium phosphate.
The experimental design was a split-split plot with
four repliecations, consisting of three main plots (24 x 7 m)
of different petroleum mulches and four subplots (6 x 7 m)
of application rates 0, 2000, 4000,and 6000 liters/ha of
the treated area. Each subplot consisted of two sub-sub-
plots (2.5 x 7 m), one for surface application and the
other for incorporation application of mulches. Five rows

of polygerm sugarbeet seeds ( a local cultivar) were sown
at 2-cm depth and 50-cm intervals on each sub-subplot.
The seeding rate was about 25 kg/ha.
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In the case of surface application, mulches were applied
on rows of planted seeds, 15 cm wide; but in the case of
incorporation application, they were applied on rows of
25-cm width and were thoroughly mixed with the upper 15 cm
of soil and the seeds were then sown.

Irrigation and other field operations such as thinning,
weeding, and pesticide spraying were performed as required
(15).

The average daily maximum and minimum temperatures during
the growing season (May 5 to Nov. 1) were 32.1 and 3.1°C,
respectively. The mean daily evaporation and relative
humidity during growing season were 6.5 mm and 60.2%,
respectively.

Seedling emergence was recorded at 8, 11, 17, and 24 days
after sowing and the crop was harvested on Nov. 2. The
tops and roots were weighed separately. Sugar content of
the roots was determined by a saccharimeter in laboratory.

RESULTS A.D DISCUSSION

I'he Greenhouse Experiment

Seedling emergence and rate. Data in Table 3 indicate the

seedling emergence (%) and the emergence rate calculated
as the number of days required for 50 percent emergence
for surface application (DSO}' Surface application of
all of the petroleum mulches increased the percentages
and the rates of emergence by 21 and 24%, respectively.
However, there were no differences among the different
surface application rates of different petroleum mulches
in improving emergence percentages and rates under the
greenhouse conditioné.(data not shown). Thus, applying
7J00 liters/ha of any petroleum mulch on the soil surface
/ill suffice and result in significant improvement of
seedling emergence and rate. Furthermore, the effects of
rate of surface application by type of mulch interaction
were not significant for either émgrgence percentage or
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Table 3. Final seedling emergence and rate of emergence {DSOJ as
affected by surface application, averaged over different
petroleum mulches.

Rate of Seedling Rate of emergence
application emergence (days)
( liters/ha) (2)
*

0 59.3b 6.7a
2000 72.2a 5.5b
4000 72.6a 5.6b
6000 70.4a 5.1b

ﬂ%eans followed by the same letter in each colum are not significant- !
ly different at the 5% probability level (Duncan's multiple range :
test).

rate of emergence.

The rapid seedling emergence due to the surface applica-
tion of mulches is similar to the results reported by other
investigators (1, 13, 22, 23). It is probable that the
rapid emergence was mainly due to increased soil tempera-
ture and moisture at the seedling depth (1, 2, 11, 13, 17,
18). 1Increases in temperature and soil moisture were due
to the greater effectiveness of the black mulch over the
bare soil in absorbing fadiation, and from the lower evap-
oration rate from the mulched surface, respectively.

In contrast to the surface application, none of the
petroleum mulches or their rates in the incorporation treat-
ment affected the Percentages or rates of seedling emerg-
ence significantly (data not shown). It is therefore con-
cluded that the surface application of these mulches is
more beneficial than their incorporation into the soil.
The ratio of percentages of seedling emergence in surface
application to that in incorporation application was about

I ———
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1.37. It is implied that on the average, 373 more seedlings
emerged in _... surface application than in the incorporation
treatment. But the significance of this result was not
tested.

Plant growth. No significant changes in top and root weights
were observed with any of the petroleum mulches and rates
used with the surface application (data not shown). This
indicated that surface application of petroleum mulches
with the rates used in this experiment had no adverse
effects on the early growth of sugarbeets. Similar re-
sults were cbtained for top weight of sugarbeets when
different rates of mulches were incorporated into the soil
(data not shown). Root weight was reduced significantly
at 0.1% (dry weight basis) of application in the incorpora-
tion treatment (Table 4).

Table 4. Root dry weight of sugarbeets (total of 4 seedlings, g)
as influenced by incorporation application of different
rates of various petrpleum mulches and Krilium.

Rate of Type of mulch
applj('g?tim Anionic  Catienic Clay
emilsion emlsion emulsion Krilium Mean
0 9.1 12.8 8.4 7.4 9.4a"
0.05 10.4 9.3 6.6 7.1 8.4ab
0.10 8.6 8.3 6.2 6.1 7.3b
0.15 8.4 8.7 7.4 5.7 7.6b
Mean ' 9.2a 9.8a 7.2b 6.6b

*

Means followed by the same letter in the marginal colunn or row are
not significantly different at the 5% propability level {(Duncan's mal-
tiple range test).
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Different mulches had different effects when incorporated
into the soil. Clay emulsion and Krilium decreased the top
and root weights of sugarbeet seedlings significantly.
Sugarbeet seedlings with reduced growth showed apparent
symptoms of chlorosis (yellow leaves). Similar results
were reported by Haise et al. (7) who observed N deficiency
symptoms on sugarbeet leaves toward the end of the growing
season and reduced yield with Krilium treatment at high
rates. They reported that each 550 kg of Krilium added to
the soil resulted in a decrease of 1.28 tons of sugarbeets
per hectare. Leaf chlorosis observed could be due to Cu++,
Fe++, and zn*t deficiencies which caused suppression of growth (12, 20,
21). On the other hand, adverse effects of higher rates
of Krilium on growth of sugarbeets might be due to an in-
crease in aggregation of the soil (21). Hammerton (9, 10)
_showed that sugarbeet seedlings grown on a fine-textured
soil (diameter< lmm) produced a greater number and larger
leaves than those grown on a coarse-textured soil, He
suggested that this might have been due to more available
water and better root-soil water contact in the fine-text-
ured soil.

In field conditions, however, Sale (17, 18) reported a
greater initial growth rate for seedlings of many vegetable
crops on mulched compared with unmulched plots. The
differences, however, tended to be small as the crop approach-
ed the marketable stége. Hale et al. (8) also found a
small but significant increase in yield of cotton by mulch-
ing which might have been due to earlier germination and
faster development.

The Field Experiment

Seedling emergence and rate. The effect of different

mulches on final emergence was not significantly different
(Table 5). However, surface and incorporation applications of
all of the petroleum mulches increased the percentages of

seedling emergence significantly. Average increases of
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Table 5. Effect of surface (S) and incorporatioen (I) applications.of
different rates of petroleum mulches on final emergence of
sugarbeets expressed as percentages of total number of

seeds sown.
Type of mulch Mean
Rate of Method Anionic Cationic Clay Type Method
application of emilsion emlsion emilsion of of
(liters/ha) applica- muilch applica-
tion tion
0 s 11.5 10.3 11.3 11.0de 11.0a
I 10.0 11.3 10.5 10.%
2000 S 16.3 15.8 17.3 16.5bhe 14.7b
I 12.5 12.5 13.5 12.8de
4000 s 18.0 19.0 16.8 17.9%b 15.7b
I 14.3 13.3 11.3 13.0d4
6000 S 23.5 25.0 18.3 22.3a 18.8¢c
I 15.0 16.5 14.5 15.3c
Mean 15.3a 15.5a 14.2a

*

Means followed by the same letter in the marginal columns or row are
not significantly different at the 5% probability level (Duncan's
multiple range test).

71.8 and 25.7% in seedling emergence percentages resulted
from surface and incorporation applications of petroleum
mulches, respectively. All rates of application increased
the final emergence significantly as compared to unmulched
plots. Application rates of 2000 and 4000 liters/ha of
petroleum mulches on the soil surface increased seedling
emergence significantly but their effects were significantly
lower than that of the 6000 liters/ha rate. Application
rates of 4000 or greater in incorporation method were re-
quired to result in higher seedling emergence (Table 5).
Analysis of variance showed that surface application of
petroleum mulches was more effective than incorporation
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application (16.9 vs, 13.0%). The analysis also showed a
significant interaction between the methods and rates of
application. The incorporation application of 6000 liters
of emulsions and surface application of 2000 liters of emul-
sions per hectare had a similar effect on seedling emergence
percentage (Table 5).

The number of days required to obtain 10% seedling emerg-
ence {DlO} on mulched plots was approximately 10, and 5
days earlier than on unmulched plots at surface and incor-
poration applications, respectively (Table §), Different

Table 6. Effect of surface (8) and incorporation (I) applications of

in the field experiment.
Rate of Method Type of mulch Mean
application of & AR Fadin
7 ica~ Anionic  Cationic Clay Type Method
(liters/ha) iggﬁlca emilsion emulsion emilsion of of
mulch appli-
cation
0 s 20.4 23.9 21.0 2]1.8ab 22.1a
I 22.6 20.6 23.6 22,3a
2000 S 12.2 11.7 14.8 12.9ef 15.2b
I 17.3 18.6 16.3 17.4ca
4000 S 9.9, 13..2 13,5 11.5fg 14.9b
I 15.7 17.3 21.7 18.2bc
6000 s 8.9 8.5 12.6 10.0g 12.8¢
I re 14 d 12,6 19.6 15.5de
Mean 15.2a 15.6a 17.%a

*

Means followed by the same letter in the marginal colums or row are
not significantly different at the 5% probability level (Duncan's
multiple range test).

B
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types of emulsions were not different in thier effects on

the rate of seedling emergence. However, all rates C.
application increased the rate of seedling emergeice sig-
nificantly, but application rates of 2000 and 4000 liters/
ha were significantly less effective than 6000 liters/ha
(Table 6). In general, initial emergence occurred 1 to 3
days earlier on the treated as compared to the control

plots. Analysis of variance showed a significant method
x rate of application interaction.

The results of field experiments were similar to those
of the greenhouse study which confirmed the results ob-
tained by previous investigators (1, 14, 17, 18, 22).
Earlier and faster emergence obtained from surface appli-
cation of petroleum milches was probably related to higher
soil temperature and soil moisture content under a layer
of petroleum mulch than in bare control. The effects of
these two factors on seedling emergence have been widely

studied (1, 3, 11, 17, 18, 19, 22).

Plant growth and yield. .Seedling growth in different
plots indicated that surface application of petroleum
mulches promoted rapid growth of sugarbeet seedlings

because of earlier emergence (Table 6) which might in

part be due to the higher moisture content in the root
zone (2, 11). The differences in growth tended to de-
crease towards the end of the growth period as observed
by other investigators (17, 18).

No significant differences in yield were observed from
any of the.mulches, methods, or rate of application (data
not shown). Similar results were also reported by
Takatori et al. (23). Sugar content did not show any
response to petroleum mulch application (data not shown) .
It can be concluded that the surface and incorporation
treatments of the soil with the petroleum mul ‘. 28 did not
have any adverse effects on total yield and su ~r content
of sugarbeets in the the field, as reported by Haise




et al. (7).
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