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INFLUENCE OF ALLELOCHEMICALS LIBERATED FROM
SOIL DECAYED PLANTS ON THE GERMINATION AND

SEEDLING DEVELOPMENT OF SOME CROPS
(28]

Fayed', M.T.B.; Z.H. Zidan'; A.G. Abdel-Rahman’ and M.A. Balah?
ABSTRACT

The influence of allelochemicals liberated from pursiane, oats, nutsedge, alifaifa,
sunflower, onion, and garlic decayed plant parts residues on germination and seed-
ling development of maize, atfalfa, wheat and onion crops was studied . Therefore,
plant parts were mixed with soil and kept moist for two months after which seeds of
each of the four tested crops were planted. Decayed residues have more negative ef-
fect on maize and alfalfa crops than winter crops seedling parameters. The maxi-
mum inhibitory effect was achieved from purslane decayed residues against summer
crops. Maize seedling growth was stimulated with nutsedge decayed residues.
Morgover, pusian¢ decayed residues have a maximum inhibitory effect whereas sun-
flower, garlic and alfalfa caused a moderate inhibitory effect. Meanwhile, onion and
oats decayed residues have slight effect on maize growth parameters Alfalfa de-
cayed residues have a maximum stimulatory effect on wheat seedling growth
whereas others treatments had slightly effect on wheat growth, Meanwhile root
length was more sensitive to allelochemical than others parameters. The maximum
irhibition on alfalfa parameters caused by nutsedge and purslane decayed residues.
Alfalfa fresh and dry weight, shoot and root lengths were more sensitive than others
were parameters to onion, oats and purslane residues. Onion shoot and root length
fresh and dry weight were more sensitive than others parameters to sunflower, onion
and purslane decayed residues.

Keywords: Allelochemicals, Decayed plants, Ailelopathy, Decomposition, Growth,
Secedling

INTRODUCTION some residues caused great inhibition,

others caused growth activation and the

Decayed plant tissue is another impor-
tant way to alielochemical get out to the
environment which had different effects
on growth parameters of the following
crops. Depending on the concentration of

third had no significant effect (Horowitz
and Friedman 1971). Molish (1937)
stated that the term “allelopathy” origi-
nally described the biochemical interac-
tion, both harmful and benefictal, which
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*¢cur between microorganisms and, its
ommon usage now refers to detrimental
cifects of higher plants of one species
(the doror) upon the germination, growth
or development of another species (ihe
receptor). Zimdah! (1993) defined al-
lelopathy as a form of plant interference
that occurs when one plant, through liv-
ing or decaying tissue, interferes with the
growth of another plant via a chemical
inhibitor. Patrick ef al (1964) reported
that the decompositiocn of plant residues
potentially provides the largest quantity
of allochemicals that may added to
rhizosphere as death of any plant part
occurs, materials companmensalized in
cell are released and these in the cell wall
complex will eventuaily be recycled. Im-
portant variables in this process with re-
gard to allelopathy are the nature of the
plant residue, the soil type, and condi-
tions of decomposition.

Horowitz and Friedmen (1971) in-
cubated dried subterrancan organs of
Cynodon dactylon, Cyperus rotundus and
Sorghum halepense in light and heavy
soils for 1,2,0r3 months. After removal of
the decayed plant marerial, the residual
bigactivity of the soil was assayed by
barley sown directly inte the soil and by a
barley radical length test or an ethanolic
extract of the soil. The two assays gave
similar results. In general, the inhibition
of growth was proportional to the concen-
tration of plant material in the soil, and
was greater in light than in heavy soil.
C.rotundus caused greater inhibition and
S. Halepense than by C. dacrylon. A few
instances of growth stimulation were re-
corded. Petrson and Harrison (1997)
reported that growth of alfalfa (Medicago
sativa L.), cowpea (Vigna unguiculata
L.owalpy and yellow nutsedge (Cyperus

esculentus L) was inhibited by decaying
tissue of sweet potato.

Ahdul-Rahman and Habib (1989)
showed that decomposed Medicago sa-
tiva roots and their associated soil pro-
duced a 51-56% reduction in /mperata
cylindrica szed germination, and an aver-
age of §8% reduction in shoot and root
length. Decayad and undecayed mixtures
of M. sativa roots and soil at 0.15: 1(w/ w)
inhibited cylindrica seedling when both
were grown together in nutrient cuiture.
Caffeic, chlorogenic, iso chlorogenic, p-
coumaric, p.OH benzoic, and ferulic acid
were identified in root exudates and resi-
ducs of alfaifa.

The main objective of this investiga-
tion was to investigate the influence of
allelochemicals liberated from decayed
plant parts of seven plant species on the
germination and seedling development of
four selected crops.

MATERIALS AND METHOD

Experiments were performed at the
Plant Protection Department of Desert.
Research Center, Mataria, Cairo, Egypt.
The purpose was to investigate the allelo-
pathic effects of substances released from
some piants by residue decomposition on
germination and growth of associated
plants. The tested plants were: purple
nutsedge (Cyprus rotundus L) as a per-
ennial weed, purslane (Portulaca ol-
eracea, L.) as a summer annpal weeds,
sunflower (Helianthus annuus, L) as a
summer crop, alfalfa (Medicago sativa
,L.) as a perenial forage crop, oals
{dvena sativa L.} as a winter ¢rop, garlic
(Alfium sativum, L) and onion {(4ium
cepa, L.) as a vegelable crops.
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The allelopathic effect of these plants
were tested against wheat (Triticum aesti-
vum, L), onion (4//ium cepa, L).as a win-
ter crops, maize {(Zea mays,L.) 2s 3 sum-
mer crop and Aifalfa (Medicago sativa
L.) as a perennial forage crop.

Four experiments were conducted,
one for each of the previous crops. The
tested plants were collected at the flower-
ing stage, separated to roots and vegeta-
tive parts, air dried, cut into about icm
scgments and thoroughly mixed with soil
in pots at the rate of 1% (w/w). Untreated
soil was served as control. Plastic pots
15cm in diameter and 14cm in height
were filled with mixed soils (lkg), wa-
tered and kept moist for two months, At
the end of the incubation period, five
seeds of each tested plant except for al-
faifa (10 seeds) were planted in each pot.
Pots were placed in greenhouse and ar-
ranged in a compietely randomized de-
sign in four replications. Pots were gently
and regularly irrigated at 3 day intervals
with suitable amounts of water. Germina-
tion perceptage was recorded. Whereas
shoot and root lengths (cm), fresh and dry
weight (g/plant) and number and area of
leaves (cm*/plant) were estimated after 4
weeks from sowing. '

Statistical analysis was performed ac-
cording to Snedecor and Cochran
{1990). Treatment means were compared
by L.S.D test at 5%level of probability.

RESULTS AND DISCUSSION

1- Effect of decayed plant residues on
maize germination and seedling
growth

As shown in Table (1), results indj-
cate that decayed plant residues had dif-
ferent influences on maize germination
and scedling growth. Some plant residues

caused grades of inhibition, others caused
growth activation and the third had no
significant effect. All the tested decayed
plant residues inhibited maize seed ger-
mination differently. Purslane residues
showed the most inhibitory as it reduced
germination percentage by 30%, while
sunflower, garlic and onion had moderate
affects by 20, 20 and 20%. On the other
hand, alfaifa, cats and mutsedge had the
lowest effect on maize germination per-
centage by 5, 5 and 3%, respectively, as
compared with control treatment.

Purslane residues caused, also the
greatest inhibition in maize shoot length
followed by sunflower residues, showing
39.4 and 19.5%, reduction, respectively.
On the contrary, nutsedge and garlic resi-
dues had significant activation effect on
maize scedling shoot growth, revealing
49.5 and 16.2 %, increase, respectively.
Other treatments had no significant effect
on maize shoot length - The same trend
was observed on maize root clongation.
Purslane and sunflower residues showed
inhibition effect by 47.3 and 26.1%, re-
spectively.

Data in the same Table indicate that
purslane and sunflower had inhibitory
effect on maize shoot fresh weight by
32.5 and 21.7%, respectively. On the
other hand nutsedge and alfaifa residues
showed significant activation effect by
272 and 12.5%, respectively. As for
maize root fresh weight, data indicate that
nutsedge residue was the only plant,
which had an activation effects by 14.4%.
However purslane caused a great inhibi-
tory effect on root fresh weight, followed
by sunflower and garlic. Alfalfa and on-
ion had a moderate inhibitory effect.
Above mentioned (reatments reduced
maize root fresh weights by 57.8, 40.5,
35.9, 19.8 and 16.3%, respectively.
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Table 1. Effect of decayed plant residucs on meize germination and seedling growth .

Dcéayed Germi Length {cm) Fx:esh weight (g) _Dry weight (g} Leaves/plant
plant €M Shoot  Root  Shoot Root  Shoot Root Number l\reaz
Control =~ 1000 2418 2850 11.40 7.23 1.16 1.33 6.23 l(;;lgl
Alfalfa 95.0 2530 29.99 12.83 5.80 115 1.38 6.63 189.53
Sunflower 80.0 1945  21.05 393 4.20 0.70 0.66 6.08 165.88
Garlic £0.0 28.08 3431 10.20 463 0N 0.91 729 137.78
Onion 80.0 2475 2585 11.33 6.05 0.99 118 6.15 176.77
Oats 95.0 2328 2815 11.70 6.85 1.02 0.98 6.50 16767
Purslane 70.0 14.65 15.01 7.70 3.05 0.53 0.70 6.45 84.27
Nutsedge  95.0 3614 3103 1450 827 217 1.33 725 20633
LSIX0.05) 3.19 149 2.439 1.167 0643 (423 0456 0.89 3.261

*Each figure in the table represents the average of 3 samples

Purslane, sunflower and garlic de-
cayed residues caused significant reduc-
tion on maize sesdling shoot dry weight,
relative to the untreated control treatment
by 54.3, 39.6 and 38.8%, respectively,
Nutsedge residues was the only treatment
which increased maize seedling shoot dry
weight by 87.1 %. Also, purslane and
sunflower reduced maize root dry weight
by 47.4 and 50.4 %, respectively. As for
leaf numbers, decayed residues of nut-
sedge and garlic caused significant acti-
vation amounted to 16.1 and 17.1%, re-
spectively,

Nutsedge and alfaifa decayed residues
increased maize leaf area by 18.6% and
9.0 %, respectively. On the contracy,
purslane, garlic, sunflower and oats resi-
dues had inhibitory effects on maize leal
area. Purslane residues was the most in-
hibitory. It decreased ieaf area by 51.5%.
Garlic had a moderate effect while sun-
flower and oats had slight causing inhibi-

tory effect, showing 9.31, 4.6 and 3.6%
reduction, respectively.

In general, the aforementioned results
indicate that nutsedge decayed residues
activated maize seedling growth parame-
ters, while purslane was the most inhibi-
tory effect residues. Sunflower, garlic and
alfaifa had moderate effect and onily af-
fected some growth parameter. Onion and
oats had slight or moderate effects on
maize seedling growth. These results are
in agreemen: with those obtained by
Hoffman ef al (1996). In this respect
Fayed et al (1997b) reported that al-
lelochemicals liberated from decayed
underground parts of weeds affect divi-
sion and elongation of meristematic cells
of the germinated seeds. Thus inhibited
was height and decreased number of
leaves per crop plant (sugerbeet) and con-
sequently reduced areas of total leaves
per plant. '
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2. Effect of decayed plant residues on
wheat germination and scedling
growth,

Data in Table (2) indicate that de-
cayed plant residues inhibiteg wheat segd
germination in different degrees. Sun-
flower, garlic and oats residues had mod-
crate effects. Alfalfa, enion and nutsedge
gave highest reduction on germination
percentage (80% compared with 96% for
the control).

Sunflower and alfalfa residues had
significant activation effect on wheat
seedling shoot growth reached 17.2 and
22.7 %, respectively. The contrary was
obtained with onion residues, which
caused significant decrease in shoot
length by 12.6%. On the cther hand nut-
sedge, oat, garlic and sunflower decayed
residue had significant activation on root
growth, by 60.1, 31.3, 28.4 and 18.5%,
respectively.

Data in the same Table indicate that
alfalfa decayed residues showed activa-
tion on both shoots and roots fresh weight
of wheat scedling by 50% and 14.5%,
respectively. Also, nutsedge and alfalfa
decayed residues increased shoot dry
weight by 49.9 and 61.2 %, respectively.
Nutsedge, pursiane and alfalfa activated
wheat root dry weight by 45.5, 45.5 and
31.7 %, respectively.

Decayed plant residues had no sig-
nificant effect on wheat leaves number as
compared with untreated control.
Purslane, sunflower, garlic, oats and al-
falfa decayed residues increased wheat
leaf area by 344, 54.9, 47.7, 37.2 and
25.5%, respectively. The contrary was
recorded with nutsedge residues showing
32.61% inhibition.

As conclusion, the aforementioned re-
sults indicate that aifalfa decayed residue

was mostly achieved activation in wheat
seedling growth. Growth traits of wheat
seedling scems to be positively acceler-.
ated by residues of all the tested plants
except the inhibitory impacts of residues
of gnion on shoot length apd autsedge o
leaf area of wheat plant. These results are
in agreement with these cobtained by
Horowitz and Friedman (1971) and
Oleszek and Jurzysta (1987),

3- Effect of decayed plant residues on
alfalfa germination and seedling
growth

Data in Table (3) indicate that de-
cayed plant residue had no significant

" effect on alfalfa seed germination except

purslane residues, which caused signifi-
cant inhibition, Meanwhile, onion residue
significantly activated alfalfa shoot
growth by 25.9%. Whereas, purslane and
nutsedge decayed residues tecreased root
length by 14.2 and 7.8 %, respectively.
Garlic and onion residues had significant
activation effects on alfalfa root growth
by 6.6 and 9.4%, respectively. On the
other hand, alfalfa, sunflower, oats,
purslane and nutsedge residues decreased
root length by 9.7, 6.8, 10.1, 23.6 and
19.3%, respectively.

As for shoot fresh weight, results in
Table (3) indicate that garlic, onion,
purslane and nutsedge residues showed
activation effect amounted to 23.3, 52.9,
33 and 29.6%, respectively on aifaifa root
fresh weight Data, also showed that al-
falfa, sunflower, onion and pursiane de-
cayed residues activated alfalfa root fresh
weight by 312, 218, 246and 11.6%,
respectively. Meanwhile, all the applied
decaved plant residues had no significant
effect on alfslfa seedling shoot dry
weight compared with the control, '
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Table 2. EHect of decayed plant residues on wheat germination and seedling growth.

Decayed Germin® Length (cm) Fresh weight{g) Ory weight {g) Leavesfplant
plant Shoot Root Shoot Root Shoot Root Number Area(cm)

Controt 90.0 2170 22.63 140 2.82 0.647 0.44 4.00 3462
Alfalfa 30.0 2662 2610 210 323 1.043 0.53 4.10 43.44
Sunflower 850 2543 2682 1.60 1255 (060 0.43 425 53.65

Garlic 85.0 2246 2905 le0 280 0392 0.44 4.00 5114
Omnion 800 1895 20,10 145 263 064 0.38 4.00 39.00
QOats 850 2145 2970 165 275 0.67 0.52 4.00 4747

Puslane 900 2320 2525 110 260 094 064 400  46.53
Nutsedge 20.0 2362 3623 175 2.83 0.97 0.64 4.00 23.31
LSD 3451 210 38 043 038 0315 0115 NS 9.60
(0.05)

*Each figure in the table represent the average of 3 samples

Table 3. Effect of decayed plant residues on alfalfa germination and seedling growth.

Decayed  Germin” Length (cm) Fresh weight  Dry weight Leaves/ plant
Plant % (8) (g)
Shoot Root Shoot Root Shoot Root Number Area(cm)?

Control 96.67 713 797 257 146 029 017 6.27 3328
Alfaifa 9333 720 720 279 192 028 013 6.83 30.62
Sunflower 9333 673 743 270 178 926 019 6.67 33.98
Gartic 1000 753 850 3117 148 033 012 6.33 3437
Onion 1000 898 872 393 182 035 018 8.10 39.73
Oats 1000 690 717 264 151 025 012 627 314
Purslane 90.0 612 608 342 163 036 0.16 533 28.24
Nutsedge 1600 657 643 333 157 036 - 0.15 4382 33.30
L3DX0.05) 499 050 052 040 012 009 005 0.51 2.59

*Each figure in the table represents the average of 3 samples
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Also, parlic and oats residues de-
creased alfalfa seedling root dry weight
by 29.4 and 29.4%, respectively.

Decayed residues of nutsedge and
purslane reduced significantly alfalfa leaf
number by 23.2 and 14.9%, respectively,
The contrary was obtained with alfalfa
and onion, showing 8.9and 29.3%, in-
crease than the check, respectively.
Meanwhile onion decayed residues in-
creased leaf area by 19.3%, but, alfalfa
and purslane residues caused 7.9 and
15.2%reduction, respectively,

In general, the aforementioned resuits
indicate that onion residue activated al-
falfa growth parameters, whereas
purslane and nutsedge seems with inhibi-
tory effect on seedling clongation and
leaves formation. The other plant residues
showed varous activation or inhibitory
actions according to the tested traits.
Moreover, it is worth noting that alfalfa
residues manifested a deleterious autopa-
thy impact on their newly germinated
seedlings, and decreased significantly

385

root length and leaves area of alfalfa
seedling. Those results are in agreement
with these obtained by Mishustin &
Naumova (1955); Patrick et al (1964);
Abdul-Rahman & Habib(1989) and
Chung & Miller (1995a & b).

4- Effect of decayed plant residues on
onion germination and seedling
growth

Data in Table (4), indicate that de-
cayed plant residue activated significantly
onion seed germination in different de-
grees. Comparing with the control all the
applied plants residues activated to dif-
ferent extent germination percentage of
onion seeds. Alfalfa, sunflower and onion
residues were the potent treatment in this
respect with germination percentage val-
ues of 100% comparing with 85%for the
control. Garlic, oats, purslane and nut-
sedge residues, stimulated germination %
of onion seeds to be 95% compareld with
85% for the control.

Table 4. Effect of decayed plant residues on onion germination and seedling growth.

Decayed Germin. Length (cm) F_resh( \.\)'eight Dry weight (g) Leaves/ plant
Plant % Shoot  Root Shoc:tg Root Shoot Root Number Area{cm)
Controi 8500 2153 1718 1010 363 240 034 3.50 95.25
Alfalfa 1000 2645 1638 11,75 530 230 0466 4.00 87.32
Sunflower [000 24358 1178 1440 433 238 0.39 4.25 131.06
Garlic 95.0 2560 1333 1433 420 260 042 4.00 126.11
Onion 1000 2510 1545 1172 430 169 046 3.50 139.00
Oats 950 2590 1633 1285 470 230 043 4.00 100.43
Purslane 950 2358 1493 1273 380 217 024 3.25 82.5¢
Nutsedge 9500 24.73 1533 1210 39 2035 038 375 123.57
LSD(0.05) 6.10 438 431 1310 043 043 Q.11 NS 10.50

*Each figure in the table represent the average of 3 samples,
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Alfaifa residue had significant activa-
tion effect on onion ssedling shoot
growth by 22.8%. The different trend was
obscrved on onion root length. Sunflower
residue had significant inhibition effect
ont onion root length by 31.4%. For sheot
fresh weight, resuits in Table {4} indicate
that alfalfa, sunflower, garlic, onion, oats,
purslane and nutsedge residues caused
16.4, 42,6, 41.8, 164, 272, 260 and
19.8% increase, respectively.

As for the effects on onion root fresh
weight, alfalfa, sunflower, gaclic, onion
and oats decayed residues caused activa-
tion by 46, 19.5, 15.7, 18.5 and 29.5%,
respectively. Data in the same table
showed that onion residues caused inhibi-
tion effect on onion shoot dry weight, by
29.6 %. Also, alfalfa and onion residues
increased onion root dry weight by 94.1
and 35.3%, respectively. '

Meanwhile decayed plant residues
had no significant effects on onion leaf
number as compared with untreated con-
trol. Whereas sunflower, garlic, onion
and nutsedge decayed residues increased
onion leaves area by 37.6, 32,4, 45.9 and
29.7%, respectively. On the contrary,
purslane residues decreased leaf area by
13.4%.

In general, the aforementioned results
indicate that all plant decayed residues
activated germination percentage and
fresh weight of shoot and roots of onion
seedling. Alfalfa decayed residue had
activation effect on most of onion seed-
ling growth parameters. Inhibirory impact
of plant residues was limited only in root
length, shoot dry weight and leaves area /
seedling with residues of sunflower, on-
ion and purslane, respectively. These re-
sults are in agrecement with that obtained
by Moore & Waid (1971) and Macha-
ria & Peffley (1995).

Stimulation and activation lumped to-
gether in crops growth parameters, re-
sponse to decayed residues depending on
the amount and type of allelochemicals
include biomass accumulations. Some
growth pramaters seems (o be more sensi-
tive to allelochemicals and others seems
to be low responsive to decayed al-
lelochemicals. It may be due to differ-
ences in allelochemical distributions and
partitioning rcsponsible for diference in
interference. Fayed e af (1997b) sug-
gested that weed residues may be phyto-
toxic and greatly reduced germinadon
and establishment of the following crop
seedling. This may be important in reduc-
ing the stand of the following crop plant
and its ability to exploit resources earlier
and could reduce their competitive abili-
ties and consequently decline their devel-
opment and productivity, Our results are
in harmony with Fayed et af (1997 2 &
b).
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