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ALLELOPATHIC INFLUENCE OF PREVIOUS PLANTATION
ON THE GERMINATION AND SEEDLING DEVELOPMENT

OF SUCCESSIVE CROPS

[29]

Zidan' Z.H.; M.T.B. Fayed'; A.G. Abdel-Rahman® and M.A. Balah®

ABSTRACT

This work was carried out at Desert Research Center, Mataria, Cairo, Egypt to
imvestigate the allelopathic rotational impact of seven plant species on their four
succeeding crops. The previous seven plant species were: purple nutsedge, purslane,
sunflower, alfalfa, oat, garfic and onjon. Allelochemicals of their subsoil surface
parts were tested on germination and seedling growth of the successive maize, sun-
flower, alfaifa and jew’s mallow crops. Data indicated that maize germination and
seedling growth were more seriously damaged after purslane and onion plantation,
moderately affected after sunflower, nuisedge and alfzifa plantation and slightly in-
hibited following garlic and oat rotation, Purslane was also the most inhibitory pre-
vious plantation on growth of successive sunftower seedlings and followed with on-
ion and sunflower. Alfalfa and cat had moderate effect, whereas nutsedge scems
without any deleterious effect. Contrary, growth of sunflower seedlings was stimu-
lated when planted after garlic in rotation. Autopathy phenomena was obvious with
alfalfa plant, since alfalfa residues toxicity were more pronounced on the following
alfalfa and followed in this respect with sunflower. Results on jew’'s mallow seed-
ling growth showed that onion and purslane previous plantation were the most in-
hibitory followed by oat and sunflower. Alfaifa and nutsedge had moderate effect
whereas garlic had slight activation on the following rotated jew’s mallow seedling
growth parameters.

Keywords: Allelopathy, A;utopathy, Crop rotation, Successive crops, Previous plan-
tations, Germination, Seedling growth

INTRODUCTION of chemical compounds that escape into

the environment by leaching, decomposi-

Allelopathy defined as direct or indi-  tion, exudation and volatilization (Rice
rect harmful or beneficial effects of one 1984). The effect of crops on weeds, and
plant on another through the production  weeds on crops has been examined in
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many different agricultural systems {Ein-
hellig 1996). Whereas zallelopathy is im-
portant in both intercrossing and polycul-
tural systems. oth field and laboratory
experiments have shown that a large
number of plants inhibit the growth of
other plants. Rotation studies indicated
the role of allelopathic effect, which
caused by previous plants producing al-
lelochemicals from their Living roots dur-
ing their life stage (Kessavalou and
Walters 1997). Whereas allelochemicals
accumulate and remain in the soil and
affect the following crops and the agricul-
ture systems. In the decayed centenary
Schreiner and Lathrop (1911) reported
that there was a soil-sickness related to
soil continuously seeded to alfaifa. After
that Kooper (1927) concluded that previ-
ous vegetation established a soil chemical
equilibrium and determined which seed
could germinate and the plants that sur-
vived. Recently, Velu ef af (1992) found
allelopathic potential of nutsedge (Cype-
rus rofundus.L) on crops (sorghum,
groundnuts, maize, sesame, vigna mung,
Vigna radiate, Pennisetum glaucum and
Eleusine coracana,

Eskelsen and Crobtree (1995) found
that the growth of biridsrape mustard
(Brassica compestrisL.), purple nutsedge
{Cyperus rotundusL) and Large crab-
grass (Digitaria sanguinalis (L) Scop.)
was inhibited when inter planted with
wild perennial buk wheat (Fagopyrum
cymosum L.). Mishustin and Naumova
(1955) suggested that saponins leached
into the soil from alfalfa roots were re-
sponsible for the cotton yield reduction.
Miller (1996) reviewed the autotoxicity
and heterotoxicity in forage crop species.
Alfalfa (Medicago sativa) has been inves-
tigated as both an autotoxic and hetero-
toxic species. Various allelochemicals

and for families of allelochemicals as
being responsible for allelopathic reac-
tions. Some alfalfa cultivars possess some
resistance  to these  allelochemicais.
Therefore, a breeding program could pro-
vide resistant germplasms. Various forage
grasses and some weed species have
demonstrated allelopathic effect on ai-
falfa and atfaifa has allelopathic effect on
some weed species.

The aim of this investigation is
to study the influence of alielochemicals
liberated in soil from previous plant parts
on germination and seedling development
of successive seven plants. Germination
and different seedling growth parameters
were recorded after one moenth from
planting.

MATERIALS AND METHODS

Experiments were carried out at ths
Plant Proicction Department of Desent
Research Center, Mataria, Cairo, Egypt
during the period from 1998-2001.The
purpose was 10 investigate the allelo-
pathic effects of substances released from
some plants by rotation effect on germi-
nation and growth of successive plants.
The tested allelopathic plants were: Pur-
ple nutsedge (Cyprus rotundus, L) as a
perennial weed, purslane {Portulaca ol-
eracea, L.) as a summer annual weeds,
sunflower (Helianthus annuus, L) as a
summer crop, alfalfa (Medicage sativa,
L.) as a perrenial forage crop, oats (4vena
sativa ,L.) as a winter crop, garlic (4/fium
sativum, L) and onion (4/ium cepa, L)
as a vegetable winter crops.

The allelopathic effect of these plants

“were tested against:

maize (Zea maysL), sunflower
(Helianthus annuus L) as a summer field
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crops, Alfalfa (Medicago sativa L),as a
perennial forage crop and jew's mallow
(Corchorus olitorius L) as a summer
vegetable crops,

To study the allelopathic potentials of
the previous seven plantations on the
successive crop when cultivated in the
same field, eight groups cach of 35 pots
(20cm in diamicter and l4cm in height)
were filled with fine soil. On 1/11/1998
six groups were cultivated with oats, on-
ion, garlic, alfalfa, sunflower and purple
nutsedge.

Another group was cultivated with
pursiane on 15/5/1999 while the 8" group
was left uncultivated and used as controi,
All groups were kept under greenhouse
conditions till complete their plant growth
where the aerial plant parts were cut at
the soil surface leaving the root system in
pots. Oats and sunflower were cut on
1/5/1999 while purslane was cut on
15/8/1999.0ther crops were mowed on
15/6/1999. On mid. August 1999, soils of
the eight groups including the unculti-
vated ones were well mixed (soil and
residues) and divided into seven groups,
each of five pots. Each of the new seven
groups was cultivated with the test plants
(maize, sunflower, alfalfa and jew's mal-
low). Pots were arranged in a complete-
randomized design and irrigated as
needed and kept for one month, Gesmina-
tion was recorded and by the end of the
month plants were harvested and number
of leaves, leaf area, fresh and dry weight
of shoot and root were determined.

Statistical analysis was performed
according to Snedecor and Cochran
(1990). Treatment means were com-
pared by L.S.D test at 5% level of prob-
ability.

RESULTS AND DISCUSSION

1- Effect of previous plants on the fol-
lowing maize germination and seed-
ling growth

Data in Table (1) indicate that previ-
ous purslane and onion debris inhibited
maize seed germination by 15% and 16%,
respectively. Purslane previous plantation
caused the greatest inhibition in maize
shoot length foilowed by onion, nutsedge,
oats and sunflower by 31.8, 23.3, 23.2
and 185 and 9.3% respectively, than the
check treatment.

The same trend was observed on
maize root elongation. Purslane, onion,
nutsedge, sunflower and garlic had an
inhibition effect on maize seedling root
length by 27.5, 21.5, 23.7, 11.6 and
18.8%, respectively.

Results in Table (1) showed that on-
ion and purslane, had inhibitory effect on
shoot fresh weight amounted to 25.4 and
28.2%, respectively. However oats previ-
ous plantations activated maize root fresh
weight, by 28.5%. On the other hand,
onion decreased root fresh weight by
32 8% Purslane, onion, sunflower, nut-
sedge, cats and garlic previous plantation
caused inhibitory effect om maize shoot
dry weight by 40.7, 393393, 375,
36.4and 20.0%, respectively. Also, nut-
sedge decreased significantly maize root
dry weight by 21.4 %.

Previous purslane reduced signifi-
cantly maize leaf number by 15.3%.
Other treatments caused no significant
effect in this respect. Meanwhile,
purslane previous plantation caused the
most inhibitory effect on maize leaf area
by 38.9%.
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Table 1. Effect of previous plants on the following maize germination and  seedling

growth.

Previous  Germin. Length (em) Fresh weight (g ) Dry weight (g) Leaves/ plant
Plant Y Sheot Root Shoot Root Shoot Root Number Area(cm)2
Control ~ 100.0 4805 4408 9.2 39Y 2% 3T 715 21648
Alfalfa 1000 4645 4660 934 489 216 1.2 695 147.30
Sunflower 1000 4358 3895 890 482 1.73 190 683 19427
Garlic 100.0 4925 3580 1001 399 224 164 700 209.00
Onion 90.0 3683 3438 680 264 1.77 18 6.93 146.60
Oats 1000 3915 438 770 505 1.78 1.85 6.75 153.10
Purslane 85.0 3275 3198 835 411 166 161 6.05 132.37
Nutsedge 1000 3690 3360 730 338 175 143 6.80 136.32
LSDX0.05) 9.95 392 389 1873 LIL 0379 021 0413 7.500

Nutsedge, onion, nutsedge, alfaifa,
oats and sunflower reduced significantly
leaf area by 37.1, 323, 31.9, 29.3 and
10.3%, respectively.

In general, the aforementioned results
indicate that purslane and onion were the
most inhibitory. Sunflower, nutsedge and
alfalfa had moderate effect and only in-
fluenced some growth parameters. Garlic
and oats had slight or more different ef-
fects on maize growth. Shoot and root
lengths, shoot dry weight and leaves area
per maize seedling were the most sensi-
tive growth parameters and senously in-
hibited with the¢ most applied previous
plants. These results are in agrcement
with those obtained by Velu ef al (1992)
and Hoffman et al (1996) .

2- Effect of previous plantations on the
foliowing sunflower germiaation and
seediing growth

Data in Table (2) indicate that previ-
ous plantations caused no significant ef-

fects on sunflower seed germination.
However, oats caused the greatest inhibi-
tion in sunflower shoot length, followed
by alfalfa, purslane and sunflower show-
ing by 21.3, 12.5, 12.3 and 12.3%, reduc-
tions, respectively. Meanwhile, alfalfa
caused iphibition on root length of fol-
lowing sunflower seedling by 16.1%,
Data in Table (2) indicate that onion,
purslane, oats and sunflower had inhibi-
tory effect on sunflower shoot fresh
weight by 21.9,15.484 and 8.1%, re-
spectively. However, gartic had activa-
tion effect on shoot frezh weight by
37.5%. Concerning to the effects on root
fresh weight, purslane and onion previous
plants, had an inhibition action on root
fresh weight of their following sunflower
seedling by 6.7 and 5.9 %, respectively.
Data in the same table show that gar-
lic and alfalfa acuvated shoot dry weight
by 25.1 and 17.1%, respectively. Contrar-
ily, onion and purslane decreased signifi-
cantly successive sunflower root dry
weight by 12.5 and 8.9%, respectively.
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Table 2. Effect of previous plants on the following sunflower germination and seedling

growth.
Previous  Germis. Length (cm)  Fresh weight (g) Dry weight (g) Leaves/ plant
plant % Shoot  Root  Shoot Root Shoot Root Number Areaz
(cm)

Control 100.0 24.18 14.00 319 119 147 0.56 9.75 85.717
Alfalfa 95.0 2t15 1175 329 115 172 058 930 106.32
Sunflower 95.0 2120 1275 2.93 113 140 053 8.80 82.49
Garlic 95.0 2363 1400 439 .21 1.83 0.54 11.25 114.79
Onion 950 24.12 12.25% 249 .12 137 04% 8.80 82.67
Oats 95.0 19.03  13.08 292 120 155 057 1160 97.53
Purslane 95.0 21,33 1350 270 L1 B42 051 950 82.65
Nutsedge 100.0 23.63 13.13 3.06 116 138 054 945 88.78
LSD(05) NS  255% 176 020 006 0131 003 0493 647

Onion along with sunflower reduced
significantly leaf number by 9.2 and
9.2%, respectively. On the other hand
oats and garlic increased significantly leaf
number by 18.9 and 15.4% %, respec-
tively. Meantime, oats had a moderate
activation effect on !caf area by 13.9%.
On the other hand, garlic and alfalfa had
great activation on sunflower leaf area by
33.8 and 23.9%, respectively.

The aforementioned results indicate,
in general that purslane was the most in-
hibitory plantation on the growth of suc-
cessive sunflower and followed with on-
ion and sunflower. Alfalfa and oats had
moderate effect and only affected some
growth parameters. Nutsedge seems
without any deleterious effect on germi-
nation and seedling growth of the follow-
ing sunflower crops. Contrarily, garlic
soil residues activated most seedling

growth traits. Those results are in agree-
ment with those obtained by Wilson &
Rice (1968) and Suwanarit & Suwona-
rat (1985).

3- Effect of previous plantation on al-
falfa germination and seedling
growth

Data in Table (3) indicate that
purslane and alfalfa previous plantation
inhibited alfalfa seed germination, per-
centage by 13.4 and 13.4%, respectively.

Alfalfa caused the greatest inhibition
in alfalfa shoot length followed by sun-
flower, onion, purslane, nutsedge, and
oats by 38.6, 36.9, 286, 27.6, 272 and
23.4%, respectively. The same trend was
observed on alfalfa root elongation. Sun-
flower caused great inhibition by 33.9%.
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Tabie 3. Effect of previous plants on the following alfalfs germination and seedling

growth,
Previous ' Germin. Length (cm)  Fresh weight (g} Dry weight (g)  Leaves/ plant
plant C % Area
Shoot Root Shoot Root  Shoot Root Number (cm)
Control 1006 873 1757 290 077 067 033 6.00 30.12
Alfalfa 86.67 480 1500 290 070 0513 022 470 26.16
Sunflower 96.67 537 1460 212 079 062 024 503 277N
Garlic 1000 857 1650 280 082 068 023 600 3097
Onion 96.6T 552 1582 240 072 061 026 4.37 28.98
QOats 00 670 1513 255 0.73 069 029 3540 3L
Purslane 8667 633 1550 283 075 063 021 540 2960
Nutsedge 9333 637 1583 289 079 062 024 503 32.27
LSIX0.05) 6.96 0.95 .78 017 003 007 005 088 2.95

Moreover, alfalfa, oats and purslane had
an inhibition effect on root length
amounted to 146, 13.8 and 11.8%, re-
spectively.

For shoot fresh weight, results in Ta-
ble (3) indicate that sunflower, onion,
oats and nuisedge had inhibitory effects,
reached 26.9, 17.2, 12.1 and 7.29%, re-

spectively. Also, alfalfa, onion and oats

previous plantation, had an inhibition
action on root fresh weight of the follow-
ing alfalfa seedling by 9.2, 6.5 and 5.2 %,
respectively. Garlic showed significant
activation effect on root fresh weight by
6.5%.

Data in Table (3) showed that alfalfa
previous plantation caused inhibitory
effect on the following alfalfa seedling
shoot dry weight by 20.9%. Likewise,
purslane and alfalfa previous plants de-
creased root dry weight, of the successive
alfalfa seedling by 36.4 and 33.4%, re-
spectively. Meanwhile, garlic, sunflower,

nutsedge and onion debris had a moderate
inhibition action cn such trait and signifi-
cantly reduced it by 30.3, 27.3, 21.2 and
12.1% respectively than the control.

Alfalfa, Ornion, nutsedge and sun-
flower reduced significantly Ieaf number
by 21.7, 18.8,16.2 and 16.2 %, respec-
tively. As for plant leaves area aifalfa
previous plantation was the only inhibi-
tory as it decreased alfalfa leaves area by
13.2%.

As a conclusion, the aforementioned
results indicate that alfalfa was the most
inhibitory plantation on alfalfa growth
and followed with sunflower. This find-
ing confirmed the autopathy phenomena
in alfalfa plant since alfalfa residues tox-
icity were more pronounced on the fol-
lowing atfalfa. In this respect Chung and
Miller (1995a) demonstrated that alfalfa
contains water soluble substances that
inhibit the germination and seedling
growth of alfalfa. Cnion, pursiane, nut-
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sedge, and oats had moderate effect and
only affected some seedling growth pa-

rameters. Garlic had slight effects on al--

falfa prowth, These results are in agree-
ment with those obtained by Schreirer

and Lathrop (1911); Mishustin. &

Naumova (1955);Guenzi & al (1964)
and Abdul-Rahman & Habib (1989).

4- Effect of previous plantation on the
following jew’s mallow germination
and seedling growth

Data in Table (4) indicate that previ-
ous onion and alfaifa plantation inhibited
the following jew's mallow seed germina-
tion by to be 86.7 and %90.7%, respec-
tively compared with 100% of the con-
trol. Meanwhile, onion and sunflower
plants caused the greatest inhibition in
jew's mallow shoot length (29.5 and
28.4%, respectively). Otherwise, previous
plantation of onion, sunflower, nutsedge
and purslane decreased shoot length of
the following of jew’s mallow seedling
by 29.6, 28.4, 25.5 and 22.6%, respec-
tively. Jew’s mallow root elongation was
also inhibited with thg previous plants.
Purslane  caused great  inhibition
amounted to 18.0%. On the other hand,
alfalfa, onion and sunflower had an inhi-
bition effect reached 16.4 and 16.1,
12.7%, respectively.

As for shoot fresh weight, results in
Table (4) indicate that sunflower, onion,
oat, purslane and nutsedge had inhibitory
effects by 41.4, 40.4, 39.7 38 and 34%,
respectively. As for root fresh weight,
purslane, onion, sunflower and purslane
previcus plantatioa which had an inhibi-
tion action on seedling than the control by
11.9 and 9.3%, respectively.

Data in Table (4) showed that cats
and purslane previous plantation caused
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inhibitory effect on seedling shoot dry
weight by 35.5 and 35.5%, respectively.
On the other hand all the tested previous
plants had no significant cffect on jew's
mallow root dry weight.

Onion, sunflower, purslane and oats
reduced significantly jew's maltlow leaves
number by 24.5, 21.4, 15.8 and 9.9% re-
spectively. However, garlic activated
leaves number by 14.1%. With regard to
leaves area, data in the same Table show
that onion previous plantaticn was the
most inhibitory on jew’s mallow leaves
area growth, ie. 33.2%. Oats, nutsedge
and sunflower had a modemte effects
while aifalfs and purslane had slight in-
hibitory effect, i.e. 20.6, 18.9, 16.7, 12.6
and 11.9 %, respectively.

As general trend, the abovementioned
results on jew’s mallow growth indicate
that onion and purslane were the most
inhibitory followed by oats and sun-
flower. Alfalfa and nutsedge had moder-
ate effect and only affected some growth
seedling parameters. Garlic had slight
activation on some jew's mallow seedling
growth parameters. These results are in
agreement with those obtained by
Kooper(1927); Abdul-Rahman and
Habib (1989) and Velu & af (1992).

Reviewing the aforementioned results,

it could be suggested that the greatest
potential for allelopathy from previous
plants proved to be more potent than that
occurred with decayed plant residues.
Thair toxicity or inhibitory effects per-
sisted in soil by a previous plantations
and decreased growth of the following
Crops. :
Previous plantations often lead to a
soil sickness problem which is presumed
to be due to the unbalance of soil
microbes, accamulation of plant toxins in
soil , mineral deficiency or an abnormal
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Table 4. Effect of previous plants on the following jew’s mallow germination and seed-
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ling growth.
Previous ) Length {cm) Fresh weight (g) Dry weight(g)  Leaves/ plant
Plant % Shoot Root Shoot Root Shoot Root Number (f:re;
m
Control 1000 1373 1223 297 118 1.07 056 1263 7686
Alfalfa 90.0 14.00 1023 289 1.18 106 056 1267 67.16
Sunflower 100.0 983 1067 174 104 094 053 9.93 63.99
Garlic 100.0 1527 1340 3.0 125 093 038 1440 7832
Onion 86.7 967 1026 177 104 0388 0488 9.53 51.36
Oats 96.7 11.93 1243 179 L1 069 051 1137 6105
Pursiane 96.7 1063 1003 1.82 107 069 031 1063 6772
Nutsedge 96.7 1023 1113 196 L.il 090 048 {300 6228
I.SDY(0.05) 5.60 094 133 020 010 036 NS 0.59 5.100
soil pH A rotation effect causes Anderson, LC. and R.M. Cruose

allelopathic effect, which depends on the
accumulation of plant chemicals, which is
highly dependent on soil and
environmental factors. Results reported
here are greatly supported with Anderson
and Cruose (1995).
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