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Effects of Crop Residues of Sunflower (Helianthus annuus), Maize (Zea mays 1..)
and Soybean (Glycine max) on Growth and Seed Yields of Sunflower
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Mahasarakham University, Mahasarakham 44000, Thailand

Abstract: This pot experiment was carried out at Suranaree Technology University Experimental Farm,
Northeast Thailand to investigate effects of crop residues of sunflower, maize and soybean on total dry weight,
top dry weight, plant height, root dry weight and seed yield of sunflower plants with the use of Korat soil series
(Oxic Paleustults) during the rainy season (JTuly-October) of the 2001. The experiment was laid in a split plot
arranged in a Completely Randomized Design (CRD) with four replications where the crop residues of maize,
sunflower and soybean were used as main plots. Whilst crop residues of roots, top growth and roots+top
growth were used as subplots. The results showed that crop residues derived from roots of both sunflower and
soybean plants had their significant inhibition effects of allelopathic substances on plant height, root dry
weight, top growth dry weight and total dry weight plant™ of the sunflower plants than those derived from top
growth of both crops alone (sunflower and soybean). Maize plant residues had no significant inhibition effect

on growth of subsequent crop of sunflower.
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INTRODUCTION

It has been advocated that crop residues, a by-
product being produced after the harvest of each annual
cash crop play its significant value in improving soil
conditions when incorporated into the soils (Miller and
Donahue, 1990, Ratnapratipa, 1996; Suksri, 1999).
However, some crop residues when decomposed in soils
may produce some toxic substances where they may
exhibit its harmful toxic effect on growth to some other
subsequent crops. This could cause a relative problem in
producing crop yields of the subsequent crops, e.g., it
mtubited germination of seeds and retarded growth of the
subsequent sown crop by its allelophatic substances of
mostly short-chamn organic acids (Wallace and Elliott,
1979, Krogmeier and Bremner, 1986 and Miller and
Donahue, 1990). Thus some aspects on know how
technology with respect to cropping systems may be
needed in order to preduce crop yield more efficiently. A
harmful toxic effect derives from allelopathic substances
being produced by the initial cropping to the subsequent
crops may receive less attention from growers or
scientists when compared with other contributing factors
on crop yields such as soil conditions, water and fertiliser
requirements, pathogenic diseases, msect pests and some
other physiological aspects or even photosynthetic
processes m crop plants. Nevertheless, a harmful toxic
effect to crop yields derives from allelopathic substances
should be accounted since it has a tremendous effect on

growth and yield of the subsequent crop plants
(Pandey et al., 1993; Chang-Yeon et al., 1995 and Viles
and Reese, 1996). A number of scientists had pointed out
that sunflower crop (Helianthus annuus) produced some
certamn amounts of allelopathic substances where it
affected growth and development of several weed species
(Iron and Burnside, 1982; Leather, 1983 and Purvis and
Tones, 1990). Other crops produce allelopathic substances
include sesame, maize, wheat, rye, barley, potato, tobacco
and many others (Kimber, 1973; Iron and Burnside, 1982;
Sarobel, 1987; Miller and Donahue, 1990; Viles and
Reese, 1996). Therefore, it is of tangible value to
investigate how sunflower plants responded to crop
residues  of sunflower, maize and soybean when
sunflower plants are grown as a subsequent crop
when climatic conditions favour growth and
production of sunflower seeds, particularly m the late
rainy season when environmental temperatures become
cool especially in the Central Plane area of Thailand
where some large amounts of sunflower seeds have
been produced annually. The obtained results may be
useful to growers of the sunflower plants so that
sunflower seed yields may be annually produced with
high efficacy.

MATERIALS AND METHODS

This pot experiment was carried out at Suranaree
Techmology Uriversity Experimental Farm, Nakhon
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Ratchasima province, Northeast Thailand during the rainy
season (JTuly-October) of the 2001 to investigate effects of
crop residues of sunflower, maize and soybean on dry
matter and seed yield of sunflower (Helianthus annuus).
The experiment was laid in a split plot arranged in a
Completely Randomized Design (CRD) with four
replications where sunflower, maize and soybean were
used as main plots whlst roots, top growth and roots plus
top growth were used as subplots. A treatment without
crop residue was also used as control treatment. The crop
residues of sunflower, maize and soybean were separated
mto (1) roots, (2) top growth and (3) roots+top growth.
Therefore, there were 12-treatment combinations plus a
control treatment (without crop residue), i.e., altogether
13 treatments, hence 52 pots were used and each has a
diameter of 26 cm. A considerable amount of an A horizon
of Korat soil series (Oxic Paleustults) was collected and
dried in a glasshouse for two weeks and then weighed out
for a weight of 6.9 kg pot™. Scil analysis data of Korat
so01l series being analysed for mean values of soil pH, soil
organic matter, soil available phosphorus and soil
exchangeable potassium were 6.00, 3.20%, 29 ppm and
300 ppm, respectively. Crop residues were oven dried at
70°C for four days and then ground mto meshes to pass
through a 3 mm sieve and then weighed out with an
amount of 100 g pot™ of each specific parts of crop
residues and then thoroughly mixed into the soil in each
pot of their respective treatments where appropriate and
then left all pots under the glasshouse for one week
before sowing of sunflower seeds. After the mixing of
crop residues into their respective pots of treatments, a
certain amount of tap water was added to each pot to
reach approximately a field capacity level (field capacity of
this soil type 1s approximately 14%). Each pot was
covered with a plastic film to prevent water loss through
the soil surface and perhaps at the same time aided soil
microbial activities. All pots were removed from the
glasshouse to an open air where the sunflower plants
could grow without any shading effect and the pots were
arranged into their respective blocks with distances
between rows and within rows of 50x50 cm, respectively.
Plastic sheet covered soil surface of each pot was
removed and then 4-5 seeds of sunflower were directly
sown by hand to each pot where appropriate and
eventually each pot was given approximately 100 mL of
tap water. One week after emergence, seedlings were
removed leaving only one seedling pot™. Daily watering
to all pots to reach approximately field capacity was
carried out in the morning when there was no rainfall
within a few days period To measure the changes in
growth of the sunflower plants, the following parameters
were used. They include mean values of total dry weight

plant™ (top growthtroot dry weights);, top growth
plant™, plant height (measured from ground level up to
the uppermost leaf), roct dry weight plant™ and seed
vield plant™ {measured at 112 days after emergence). The
results on plant heights being measured at day 60 were
excluded due to no statistical differences found among
the treated plants. The collected data were statistically
analysed where appropriate using an MSTAT-C
Computer Programme (Nissen, 1989).

RESULTS

Total dry weight, top dry weight, plant height, root dry
weight and seed yield: With total dry weight plant™ of
sunflower at day 60 after emergence, the results showed
that average total dry weight of sunflower plant derived
from residues of roots and top growth were 8.49, 16.33,
11.49 and 15.80 g for sunflower, maize, soybean residues
and control, respectively (Table 1). The differences due
to: types of crop residues of the same type of plants,
sources of crop residues of the same sources of plants,
average values of types of crop residues and average
values of sources of crop residues were statistically
significant. The highest total dry weight plant™" of

Table 1: Total dry weight plant™ (top growth+roots) of sunflower at days
60 (A) and 112 (B) after emergence as influenced by sources and
types of plant residues, grown in pots with the use of Korat soil
series (Oxic Paleustults) at Suranaree Technology University
Experimental Farm, Northeast Thailand.

A. At 60 days after emergence

Control
Sources of Sunflower Types of  Residues Average (No crop
crop residues  (g) (2) (g) (2) residue, g)
Roots 7.66 16.29 6.21 10.05
Top growth 9.31 1637 16.78 14.15
Average 8.49 16.33 11.49 12.10 15.80

Least significant differences (LD, p = 0.05), 18D for types of crop
residues (sunflower, maize and soybean) of the same type of
plants = 5.34*, 18D for sources of crop residues (roots, top growth
and roots+top growth) of the same sources of crop residues = 5.17%, LSD for
average wvalues of types of crop residues (sunflower, maize and
soybean) = 3.90% L8D for average values of sources of crop residues
(roots, top growth, roots+top growth) = 2.98%

B. At 112 days after emer gence

Types of  Residues Control
Sources of Sunflower crop maize soybean Average (no crop
crop residues  (g) (g (2) (2) residue, g)
Roots 41.83 43.70 45.14 43.55
Top growth 49.05 56.05 45.13 50.07
Roots+Top 50.45 53.15 50.37 51.32
growth
Average 4711 50.96 46.88 48.32 50.81

Least significant differences (I.SD, p =0.05), LSD for types of crop
residues (sunflower, maize and soybean) of the same type of plants = NS
L8D for sources of crop residues (roots, top growth and roots+top
growth) of the same sources of crop residues = 11.25*, L8D for average
vahies of types of crop residues (sunflower, maize and soybean) =8
LSD for average values of sources of crop residues (roots, top growth,
roots+top growth) = 6.49+
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sunflower was found with residues of maize followed by
soybean and the least was found with sunflower. At day
112 after emergence, the results showed that average total
dry weight plant™ of sunflower was highest with residue
of maize followed by control treatment, sunflower and the
least was found with soybean residue with mean values
of 5096, 50.81, 47.11 and 46.88 g, respectively. The
differences due to: sources of crop residues of the same
plant species and average values of sources of crop
residues were statistically significant but there were no
statistical differences found on types of crop residues and
average values of types of crop residues.

For top growth dry weights of sunflower (dry weight
above ground level) at day 60 after emergence, the results
showed that average values due to types of crop residues
were highest with maize followed by soybean and
sunflower with average values of 14.72, 10.26 and
7.77 g plant™, respectively. Control treatment gave a
mean value of 13.78 g plant™'. The differences due to:
Types of crop residues of the same type of plants,
sources of crop residues of the same sources of plants,
average values of types of crop residues and average
values of sources of crop residues were statistically
significant (Table 2). At day 112 after emergence, the

Table 2: Top growth dry weight plant™ (dry matter above ground level) of
sunflower at days 60 (A) and 112 (B) after emergence as influenced
by sources and types of plant residues, grown in pots with the use
of Korat soil series (Oxic Paleustults) at Suranaree Technology
University Experimental Farm, Northeast Thailand

A. At 60 days after emergence

Types of  Residues Control
Sources of Sunflower crop maize soyvbean Average (No crop
crop resicdues  (g) [f<3] ()] g) residue, g)
Roots 7.03 14.54 5.69 9.09
Top growth 8.51 14.90 14.83 12.74
Average 7.77 14.72 10.26 10.92 13.78

Least significant differences (LSD, p=0.05), LSD for types of
crop residues (sunflower, maize and soybean) of the same type of
plants = 2.35* L8D for sources of crop residues (roots, top growth and
roots+top growth) of the same sources of crop residues =4.56%, 1.8D for
average values of types of crop residues (sunflower, maize and
soybean) = 3.31*, 18D for average values of sources of crop residues (roots,
top growth, rootsttop growth) = 2.63*

B. At 112 days after emergence

Types of  Residues Control
Sources of Sunflower crop maize soybean Awverage (No crop
crop residues (@) (g) (2) (2) residue, g)
Roots 39.05 40.90 42.09 40.68
Top growth 45.84 52.18 42.03 46.68
Roots+Top 47.44 4857 45.90 47.30
growth
Average 44.11 47.21 43.34 44.89 46.57

Teast significant differences (LD, p =0.05), L8D for types of crop
residues (sunflower, maize and soybean) of the same type of plants = NS
LD for sources of crop residues (roots, top growth and roots+top
growth) of the same sources of crop residues = 10.57*, LSD for average
values of types of crop residues (sunflower, maize and soybean) =N8
L8D for average values of sources of crop residues (roots, top growth,
rootsttop growth) = 6.10%

results showed that average values of total dry weight
plant™ of sunflower due to types of crop residues were
highest with maize followed by sunflower and soybean
with values of 50.96, 4721 and 4688 g plant™,
respectively. The control treatment gave a mean value of
50.81 g plant™. The differences due to: Sources of crop
residues of the same source of plants and average values
of sources of crop residues were statistical sigmificant. On
the other hand, the differences due to types of crop
residues of the same types of plants and average values
of types of crop residues were not statistically sigmficant.

For top growth dry weight plant™ at day 60 after
emergence, the results showed that average values of
maize residue was highest followed by soybean and
sunflower residues with values of 14.72, 10.26 and 7.77 g
plant™, respectively and the control treatment gave a
value of 13.78 g plant™ (Table 2). The effects due to:
types of crop residues of the same type of plants, sources
of crop residues of the same source of plants, average
values of types of crop residues and average values of
sources of crop residues were statistically significant. At
day 112 after emergence, the results showed that average
values of top growth of sunflower plants were highest
with maize followed by sunflower and soybean with
values of 47.21, 44.11 and 43.34 g plant™, respectively and
the control treatment gave a value of 46.57 g plant™. The
effects due to sources of crop residues and average
values of sources of crop residues were statistically
significant whereas the effects due to types of residues
and average values of types of residues were not
statistically sigmficant.

With plant height at day 112 after emergence, the
results showed that average values of sunflower plant
heights as affected by types of crop residues were lowest
with both sunflower and soybean and the highest was
with maize residue with average values of 90.20, 90.20 and
100 ¢m, respectively where the control treatment gave an
average value of 98.50 cm (Table 3). The differences due
to: types of crop residues of the same plants and average
values of types of crop residues were statistically
significant whereas the differences due to sources of crop
residues of the same sources of plants and average values
of sources of crop residues were not statistically
sigmficant.

For root dry weights of sunflower at day 60 after
emergence, the results showed that average values of root
dry weights of sunflower plants due to crop residues of
sunflower, maize and soybean were 0.72, 1.61 and 1.23 g,
respectively (Table 4). The control treatment gave a mean
value of 2.03 g plant™. The differences due to: Type of
crop residues, types of crop residues of the same plants
and sources of residues (roots and top growth) were
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Table 3: Sunflower plant height (cm plant™) at days 112 after emergence
as influenced by crop residues of sunflower, maize and sovbean,
grown in pots with the use of Korat soil series (Oxic Paleustults)
at Suranaree Technology University Experimental Farm, Northeast

Thailand
Types of  Residues Control
Sources of Sunflower crop maize soybean Average (No crop crop
residues (cm) (cm) (cm) (cm) residue, cm)
Roots 85.30 96.00 91.00 90.80

Top growth 94.00
Roots+Top 91.31
growth

Average 90.20 100.00 90.20 93.40 98.50
Least significant differences (LSD, p=0.05), LSD for types of
crop residues  (sunflower, maize and sovbean) of the same type of
plants = 11.90* L8D for sources of crop residues (roots, top growth and
rootsttop growth) of the same sources of crop residues =NS, LSD for
average values of types of crop residues (sunflower, maize and
soybean) = 6.50%, LSD for average values of sources of crop residues
(roots, top growth, rootsttop growth) =NS

103.80 90.50 96.10
100.30 89.00 93.50

Table 4: Roct dry weights (gm plant™) of sunflower at days 60 (A) and 112
(B) after emergence as influenced by sources and types of plant
residues, grown in pots with the use of Korat soil series (Oxic
Paleustults) at Suranaree Technology University Fxperimental
Farm, Northeast Thailand

A. At 60 days after emergence

Types of  Residues Control
Sources of Sunflower crop maize soybean Average  (No crop
crop residues  (g) (2) (g) (g) residue, g)
Roots 0.63 1.75 0.52 0.97
Top growth 0.81 1.47 1.95 1.41
Average 0.72 1.61 1.23 1.19 2.03

Least significant differences (LSD, p = 0.05), LSD for types of
crop residues (sunflower, maize and soybean) of the same type
of plants = 0.90*, LSD for sources of crop residues (roots, top growth and
roots+top growth) of the same sources of crop residues = 0.78* 1.8D
for average values of types of crop residues (sunflower, maize and
soybean) = 0.71%, LSD for average values of sources of crop residues
(roots, top growth, rootsttop growth) =NS

B. At 112 days after emergence

Types of  Residues Control
Sources of Sunflower crop maize soybean Average No  crop
crop residues  (g) (g) (2 () residue, g)
Roots 2,78 2.80 3.04 2.87
Top growth 3.21 3.87 311 3.39
Roots+Top 3.00 4.58 447 4.02
growth
Average 3.00 3.75 3.54 3.43 4.47

Least significant differences (LSD, p = 0.05), LSD for types of crop
residues (sunflower, maize and soybean) of the same types of plants = N8
L8D for sources of crop residues (roots, top growth and rootsttop
growth) of the same sources of crop residues = 1.19%, 18D for average
values of types of crop residues (sunflower, maize and soybean) = NS,
18D for average walues of sources of crop residues (roots, top growth,
rootsttop growth) = 0.69%

statistically significant. At day 112 after emergence, the
results indicated that average values of root dry weights
of sunflower plants were highest with crop residue of
maize followed by soybean and sunflower with values of
3.75, 3.54 and 3.00 g plant™, respectively where control
treatment gave a mean value of 4.47 g plant™. The effects
due to sources of crop residues and average values of
sources of crop residues were statistically significant

Table 5: Sunflower seed vields (gm plant™!) as influenced by crop residues
of sunflower, maize and soybean, grown in pots with the use of
Korat soil series (Oxic Paleustults) at Suranaree Technology
University Experimental Farm, Northeast Thailand

Types of  Residues Control
Sources of Sunflower crop maize soybean  Awverage No  crop
crop residues (@) (g) ()] g) residue, g)
Roots 15.96 14.25 16.60 15.60
Top growth 17.48 19.58 16.91 17.99
Roots+Top 18.12 17.76 20.42 18.77
growth
Average 17.19 17.20 17.98 17.45 19.83

Least significant differences (L.SD, p = 0.05), LSD for types of crop
residues (sunflower, maize and soybean) of the same type of plants = NS
L8D for sources of crop residues (roots, top growth and roots+top
growth) of the same sources of crop residues = NS, LSD for average
values of types of crop residues (sunflower, maize and soybean) =NS
LSD for average values of sources of crop residues (roots, top growth,
rootsttop growth) = NS

whereas the effects due to types of crop residues of the
same types of plants and average values of types of crop
residues were not statistically significant.

For seed yield plant™ of sunflower, the results
showed that average seed yields were highest with
soybean followed by maize and sunflower with average
values of 17.98,17.20 and 17.19 g plant™, respectively and
the contrel treatment gave a mean value of 19.83 g plant™
(Table 5). There were no statistical differences due to
treatments found on seed yields of sunflower plants.

DISCUSSION

With the three sources of crop residues derived from
sunflower, maize and soybean, the results indicated that
residues derived from roots of both sunflower and
soybean had its sigmficant inhibition effects on plant
height, root dry weight and total dry weight of the
sunflower plants than that of crop residues derived from
top growth of both sources (sunflower and soybean). The
results suggested that plant residues derived from maize
plants was only a source of crop residues that had no
inhibition effect on growth of the sunflower plants. Tron
and Burnside (1982) reported that root of sunflower plants
had its allelopathic substances, which inhibited growth of
the subsequent crops apart from inhibited germination
of seeds of other crops. The results of the present
worlk  clearly confirmed toxic effect derived from
sunflower. Similarly, Schon and Einhellig (1982) carried
out experniments with the used of sunflower residues
(0.5-2.0 g in g of soil) showed that total dry weight per
plant of sunflower significantly decreased with an
increase m the amount of sunflower residues. They
further added that when crop residues of sunflower
decomposed in soil, the residues released allelopathic
substances where it inhibited germination and growth of
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the subsequent crops, particularly roots of the sunflower
plants where it contained the utmost amounts of
allelopathic substances greater than other parts of the
sunflower plants. These findings also confirm the works
reported by Nielson et al (1960) and Lawrence and
Kilcher (1962) with sunflower experiments. Tt was also
found that crop residues of soybean mnlubited growth of
sunflower plants where the results confirm the work
reported by a number of workers such as Newman and
Rovira (1975), Nicollier and Thomposon (1982). These
workers stated that leguminous crops release toxic
substances n soils when decomposed and it had a
significant effect on growth and yields of the subsequent
crops. Thus soybean residues contained allelopathic
substances where it affected plant height, root dry weight
and total dry weight of the sunflower plants. Tsuzuki and
Kawagoe (1984) reported that roots of soybean when
decomposed in soils release toxic substances to vegetable
crops of radish plants (Raphanus sutivus L.) and turmip
(Brassica rapa L.). Nevertheless, the differences due to
seed yields of sunflower of the present work were not
found. This may be attributable to the small amounts of
crop residue being added to the soil in each pot where the
amount may not be adequate enough to show its severe
effect on seed yields of the sunflower plants although it
showed significant effects on height, root dry weight and
total dry weight of the sunflower plants. Another reason
for this may be attributable to perhaps the leaching out of
soil mutrients under heavy rainfall conditions and also the
depletion of soil nutrients in each plot where the supply
may not plentiful enough for roots of sunflower plants to
absorb, particularly at their filling stage of seeds. Thus
seed vield plant™ was much lower than those reported by
Suksri ef al., (1989). Therefore, growers of cash crops
should bear in minds that some allelopathic effects derive
from 1mtial crops could possibly cause a severe reduction
in yields of the subsequent crops. Tt may be of interest to
carry out further experiments with the use of other
mdicator plants i order to find out how other cash crops
responded to toxic substances of both sunflower and
soybean so that the aftained results could possibly
provide adequate information for growers of most cash
crops, since growers m most regions grow sunflower,
soybean and maize annually. The outcome of the
experiments may help growers to choose which cash crop
should be sown after both sunflower and soybean crops.
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