3059

Phytotoxicity of black cumin (Nigella sativa), dragonhead (Dracocephalum
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Abstract

Allelopathic effects ofplant residues isn importantresearch avenue regardingptimization of rotation
systems in agronomyl.he aim of this studwas to investigate the allelopathéffects of four plant residues,
namely,black cumin, dragonhead, diland soybearon the germination and growth of wheatr(ticum
aestivum) in different cropping systems:esults showed that application of organic manure for previous
crops reduced theesiduephytotoxicity and consequently alleviated the adverse effect of plant residues on
the leaf area, lengthand dry weighbf the wheatroot, affectingchlorophyll a, chlorophyll Jand carotenoids

of wheat seedling leavek thepresence of plant residue, the length and dry weight of the wheat roots were
more negativelyaffected in comparison witkhoots. The greatest allelopathic inhibition was observed for
the wheat cultivated in the residue of black cumin, but soybeanatill dragonhead residues also potentially
showed inhibition effects. It can be concluded that agroecosystems in which awitneat is in the rotation
should be avoidd wherethere are residues afoybean, black cumin, dragonheahd dill The tillage system

in the same condition may not be agronomically suitable because of the allelopathic effects of previous crops.
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Introduction

Common wheat Triticum aestivum L.)
supplies about 20% of the daily caloric intake and
21% of daily protein intake of humans (17) and it
is a staple of the world's population diet, which
includes poorest and lowincome countries
(Macias et al., 2007 Sustainability is a major
aspect ofproduction of food crops in agricultural
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ecosystems and also for protecting these
ecosystems for current and future generations
(Altieri and Nicholls, 2037 An increase in
biodiversity through crop rotation can increase
sustainability in agriculture. Ration systems and
allelopathic interactions between planfdants
would be important to exploitillelopathyin order
to optimize the production of rotation systemki(
et al., 2010.

Allelopathic compounds such as phenolic
acids, flavonoids, terpenoids, @wmarins, tannins,
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terpenes, steroids and quinones directly or
indirectly affect the natural cycle of plant growth
(Singh et al., 2006 The inhibitory or stimulatory
effects of allelopathic compounds depend on the
concentrations available to the succeedipignts
and the sensitivity of the recipient plants
(Mirtorabi et al., 2011)Additionally, the activity of
allelochemicals in agroecosystems is highly
dependent on their soil persistencédllah, et al.,
2018). The mode of action of allelopathic
materials may differ according to the plant
species. The major effects of these materials on
plantsincludethe prevention okeed germination
damage to the root and other parts of the
meristems, prevention of the growth of emerging
buds, prevention of the ATBiosynthesis due to
the lack of oxygen in the chloroplastnd severe
prohibition of mitochondrial activity and cellular
respiration(Rostaei et al.20189.

Abu-Romman (2011) reported that
the essential oil ofA. biebersteinii, which was
found to be rich in ascaridol;@gymene, carvenone
oxide and camphor, showeithhibitory effects on
seed germination and seedling growth of several
weed
havean inhibiting effect on the early root growth
of soybean causingan oxidative damage in the
root tissue through the enhanced generation of

Table 1
Treatmentdescriptive of this experiment

membrane integrity and elevated antioxidant
enzyme level¢Rostaei, et al.2018b. Azirakand
Karaman(2008) reported thathymol, carvacrql
and carvone showed a high inhibitory effect
against weed seedsyen at low concentrations

The essential @@l of Chenopodium
ambrosioides L, i.e.Alphat e r p i f#ieepimeng, vy
p-cymene, limonengand ascaridole (inethyt4
(1-methylethyl) -2-3-dioxibicyclo (2.2.2) oct-5-
ene), inhibited the germination ofAmaranthus
hypochondriacus by 50%, while the hypocotyl
growth ofthe previously germinated seeds of the
same species was inhibited by 50% (0.509 pl/petri
dish) @naya,1999.

The pr e s-ghelandrene (51.2p0),
0-2-carene (43.4%), dihydrotagetone (0.4%nd
propyl butyrate (0.3%) in the aerial parts and

phenyl acet al d-8-taemkdq3l.7(%),9 . 2 %)

6-methyt5-hepten2-one  (16.4%) and - «
phellandrene (12.6%) in the rto of Justicia
ancelliana induceda remarkable reduction in the
growth of the roots, the apparition of yellow
leaves after two weeks of the treatment and the
death of theVigna unguiculatayoung plants

speci epineneWasround aor | y (Qasem, 1992)Essential oil ofhuja orientalis has

shown a high concentration of monoterpene
hydrocarbons and the major constituents were
pinere (64.2 and 49.3%, respectivélycones and

Plant type (Previous crop)

Nutritional condition of previous crogp Plant residue applied before wheat sowing

(4 levels) (2 levels) (2 levels)
Soybean CF +
Soybean CF

Soybean OoM +
Soybean oM

Black cumin CF +
Black cumin CF -
Black cumin OM +
Black cumin OoM -
Dill CF +
Dill CF -
Dill oM +
Dill OM -
dragonhead CF +
dragonhead CF -
dragonhead oM +
dragonhead OoM

CF and OMrepresent chemical fertilizer and aanic manure. respectivelv: + andwith and without reside. respectivelv

reactive oxygen species as indicated by increased
lipid peroxidation, and finally disrujplg the

needles)g-phellandrene (6.99.6%) and a-cedrol
(3.9 and 8.2%). Thisssential oil had a strong


https://www.tandfonline.com/author/Azirak%2C+Sebile
https://www.tandfonline.com/author/Karaman%2C+Sengul

inhibitory effect onall tested weeds fédbwing a
dosedependent manner, an attribute that can be
employed in biocontrol and managementof
weeds Amri, R015).

Although a soybean Glycine max (L.)
Merr)-wheat (Triticum aestivumL.) rotation
appears to be a logical opportunity to use legume
N as a sustainablgrain production resourcehe
experimental results suggested that soybean root
exudates were responsible for the decrease in
wheat and triticale growth and yieldVilamolos
and Kalburtji 2001). The droughtstressed
soybean leaf extracts were found more effective
in modulating the physiology of maize, indicating
the higher allelopathic potential of soybean
(Ahmad et al.,2016).

In semiarid regions, the cultivation of
medicinal plants has incased due to value added
of these plantsand their increasing consumption
A largepercentage of medicinal plant residues is
released into a field after harvesting in both
conventional and organic agricultural systems.
These plant residues may have allelopathic effects
on wheat seed germination and establishment.
Because there is no infimation about the
response of wheat to the residue of black cumin,

Table 2
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plant residues on the germination and

establishment of common wheat

Materials and Methods

In this research, four crops (soybean
(Glycine max), black cumin Nigella sativa),
dragonhead Bracocephalum ruyschiana), and dill
(Anethum graveolens)) were grown under two
nutritional conditions (chemical and organic
fertilizers) in the agricultural esearch farm of
Shahrekord University (Latitude 32°2north and
longitude 50° 49 &st, 2061 m above sea level) in
2016. The average annual rainfall ofahegion
was 319 mm and anmlaverage temperature was
11.5°C. Soybean was cultivated as important
legume (control crop) and the other three plants
were selected as important medicinal plants in the
region and alternately withite wheat crop. Each
crop wascultivated in two independent plots on
24 May 2016. One plot ceived the chemical
fertilizer while the other plotwas fertilized with
organic manure. Organic manure (broiler litter
manure) or chemical fertilizer (urea and
superphosphate triplet) wsmixedwith the soil of
the resplots bebre sowing.

Effectsof plant type, plant residueand fertilization type on emergence rategot and leaf lengthand leaf area of common

wheat percentage comparetb control)

Residue density Plant type
(% control)

Emergence rate Root length
(% control)

Leaf lengh
(% control)

Leaf areq% control)

Chemical fertilizer

Soybean 92.9<d 78.9¢ 78.9¢ 83.7f
Black cumin 84.@« 50.¥ 76.5%¢ 87.0°¢f
Without residue  Dragonhead 92.(Qpbed 74,3 108 98.4d
Dill 93.19b¢ 67.0¢ 134 112
Soybean 63.C¢ 16.2¢ 51.19h 76.49
Black cumin 42.8 7.8 29.6 17.8
With residue Dragonhead 85.5¢ 53.2f 73.40f 79.%9
Dill 61.5 25.00 59.%¢ 42.0
Organic fertilizer
Soybean 81.1 79.8 50.5¢% 95, Fde
Black cumin 94.07 33.9 91.4¢ 102¢
Without residue  Dragonhead 98.1 64.4% 13 163%
Dill 95.22b 139 98.0¢ 104+
Soybean 79.9 52.8f 71.6¢ 87.7¢f
Black cumin 46.7 11.2 35.6" 27.6
With residue Dragonhead 60.1¢ 17.4 64.579 70.8
Dill 46.¥ 18.8" 63.679 32.17

In each column, means with different letters indicate significant differences at P < 0.05 by LSD test.

soybeans, dragonheadnd dill, the present study
was conducted to investigate the effects of these

The dragonhead and dill were
harvested at the complete floweringagje andhe
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Fig. I. Wheat emergence percentage as affected by pl
type x plant residue interaction; different letter:
indicate significant differences at P<0.05 by LSD test.
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Fig. Il. Wheat emergence rate as affected by plant typ
plant residue (A) and plant type x fertilizer typ
interaction (B); Different letters indicate significar
differences at P<0.05 bv LSD test.
black cumin and soybean were harvested at
maturity stage. Then, plant residues of each plot
were separately collected from the soil surface on
October10, 2016. Plant resiges were transferred
to the laboratory and kept at 70C to dry in an

oven for 2 days. At the rhizosphere of each crop
and each nutrition system, one kg soil was
sampled and totally8 soil treatments (previous
crop x nutritional conditions4 x 2, respectively)
of rhizosphere were prepared (Table 1).

Analysis oéssenial als of dragonhead
shoot, Hack cuminand dill seedsby GC/MS were
done and @ta presented in Fallah et a2q18 and
Rostaei et al. (2018a, 2018b)

The pots (14 cm in diameter ancb@m in
height) were filled with 500 g of respective
rhizosphere soiltreatments. Pots were divided
into two groups (with and without plant residue,
respectively). Then, plant residues were crushed
into small pieces (1 to 2 grand 25 g ofvhich was
added to the pot andhoroughly mixed with the
soil. The quantity of residgewere 16250 kg/ha.
The plowed soil uther field cultivation was used
for the control treatment. The study was
conducted through a factorial (plant type, plant
residue, and nutritional conditions with 4, 2, and 2

levels, respectively) experiment based on a
completely randomized design with three
replications.

Ten wheat seeds were sown at @3n
depths on OctobeB1, 2016. The wheat irrigation
was done from the bottom of the pots based on
the water requirements and the environmental
conditions of the greenhows The emerging
seedlings were counted from the onset of
emergence to 10 days after planting & 15 of
November, 2016). After three weeks, the wheat
seedlings were harvested from the pots and the
following parameters were measured: root length,
leaf lendh, root dry weight, leaf dry weightand
leaf area. In order to determine the dry weight,
samples were dried in an oven at 12for 48 h

In order to measure the chlorophyll and
carotenoid content, one gram of fresh leaf tissue
was ground into smalpieces in a Chinese mold
containing 80% acetone. The mix was completely
dissolved and the volume was adjusted to 20 ml
with 80% acetone. The solution was passed
through a filter paper and a sample volume was
poured into the Cuvette of the
spectrophotometer The adsorption was read at
663 nm for chlorophyll a, 647 nm for chlorophyll
b, and 470 nm for carotenoids. &lles were
expressed as ug/g of fresh weight ngi the
LichtenThalor method (Souto et ak015).
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(3) Total carotenoids = [(1000A47q) - (1.82
x Ch) - (85.02x Cl)] / 198

The emergence percentage (EP) was
calculated asNasr Isfaharand Shariati2007)

(@) EP =) x100

where n and N are the final number of germinating
seeds and the total number of seeds, respectively.

To measure the emergence rate (ER), the
Maguire formula was used as

G) %2  —

where Ni and Ti are the number of germinated
seeds in the n count and the time from the
beginning of the crop to the n count, respectively.

The average of each parameterasv
divided into the mean of the samgarameter in
the control treatment.Image software was used
to calculate the leaf area. The percentage of
change of each parameter compared to the
control was analyad using SAS 9.1 software.
GComparisons of means were done using the LSD
test at the 5% probability level.

Results

The lowest emergence percentage
(73.33%) was observed for the control in wheat
grown with black cumin residue. The maximum
emergence percentage (contret 98.33%) was
recorded in wheat grown in the rhizosphere soil of
dragonhead and black cumin (Hig.

The wheat gown in soil containing black
cumin residue and in dragonhead rhizosphere soll
had the lowestand height germination rates,
(44.75% and 95.06% of the contriskatment,
respectively) (Figll. A). Black cumin residue
treated with chemical fertilizer and Iti with
organic fertilizer showed the greatest inhibitory
effects on wheat seedegmination rate (Table 2;
Fig.ll. B).
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Fig. IV Wheat leaf length as affected by plant type x pla
residue (A, andplant type x fertilizer type interaction (B)
different letters indicate significant differences a&k®05
by LSD test.

The shortest wheat root length (9.5% of
control) was found irthe wheat cultivated in soil
with black cumin residuewhile the longest
(102.9% of control) was for wheat cultivataddill
rhizosphere soil (Fidll. A). Black cumin residue
treated with chemical and organic fertilizer
treatments, soybeamnd dill residue treated with
chemical fertilizer and dill and dragonhead
treatedwith organic fertilizer showed the greatest
inhibitory effects on wkeat root length (Table 2,
Fig.lll. B).

In the presence of plant residue
conditions, wheat root lengtlwasnot affecied by
the type of fertilizewhile afterremoving the plant
residue organic fertilizers increased the growth of
root in comparisorwith chemical fertilizer (Fidll.
C).

The shortest leaf length at 32.6% of
the control wasrecorded inthe wheat cultivated
in black cumin residusvhile the highestlength
was oberved(123.4% of the contrgin thewheat
cultivated in dragonhead rhizosphere soil (Fg.
A). Black cumin residue treated with chemical and
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Fig. V Wheat leaf area as affected by plant type x pla

residue (4, planttype x fertilizer type (Band plantresidue

x fertilizer type interaction (C); dferent letters indicae

significant differences at B<05 by LSD test.

organic fertilier and soybeanesidue treated with
chemical fertilizer showed the greatest inhibitory
effectson wheat leaf length (Table 2; Fiy.B).

The minimum wheat leaf area (22.7% of
the control) was obtained fromthe wheat
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Table 3
Effects of plant type, plant residuand fertilization type omoot weight, leafweight, and photosynttesis pigments of commor
wheat (percentage compared to control)

Residue density  Plant type Root weight Leaf weight  Chlorophylla  Chlorophyll b  Carotenoids

(Yocontrol) (Y%control) (Yocontrol) (Ycontrol) (Yocontrol)
Chemical fertilizer
Soybean 93.9 76.2f 10z 230 108¥
Black cumin 54 4% 98.1 133 133* 126*
Without residue  Dragonhead 75.3 11 212 23¢ 24y
Dill 64.3% 159 234 314 213
Soybean 14.87 67.09 49.97 48.7 63.3
Black cumin 7.8 14.7% 11.3 10.9 11.9
With residue  Dragonhead 51.8 54.8h 35.5k 32.2 41.8
Dill 29.6 36.68"% 41.6 34,7 39.7
Organic fertilizer
Soybean 77.9° 88.1% 80.69 1009 99.4
Black cumin 78.3¢ 82.6%f 99.0¢ 86.8 98.¢
Without residue  Dragonhead 68.1« 204 99.4f 116¥ 13%
Dill 133 121° 169 184 177
Soybean 51.9% 75.9f 62.9" 51.2 78.9
Black cumin 7.8 20.8¢ 21.6¢ 18.9 20.g
With residue  Dragonhead 16.19 36.3 19.¢¢ 19.0 24.81
Dill 22.¥ 39.41 23.5¢ 18.7 25.8%

In each column, means with different letters indieaignificantdifferences at P& 05 by LSD test.

cultivated in soil with black cumin residue and the
OWithout residue  BWith residue

highest (130.6% of the control) wascorded in (A)
. . . 180 - a

the wheat grown indragonhead rhizosphere soil = 160 A 0
at (Fig. V.A). The black cumin and dill residues £ 140 A
treated with chemicaland organic fertilizes \§ 120 + .
showed the greatest inhibitory effects on wheat o107 gy
leaf area (Tale 2; Fig. VB). 2 28 ] e

In the presence of plant residues, wheat ; 40 f °
leaf area was not affectedytthe type of fertilizer, S 20 A
but under removed plant residue conditions, 0 - e o o o
organic fertlizers increased the leaf area in ‘%@e {?% ¢?“°°«> K
comparisonwith chemical fertilizer (Fig/. C). “ Yy,
in the \-Irvngeitovéerf)flvlr?a;cndreyilwvfl:?hhttzllvaiskO(E)jrenri\r/]ed ®) ® Chemical fertilizer OOrganic fertilizer
residue (17.8% of the contradnd the highest leaf 3 1‘218 a
dry weight was recorded itne wheatcultivated in £ 100 b b
dragonhead rhizosphere s0i{(161.5% of the ° 20 | cd d
control) (Fig.VI. A). Black cumin residue treated = 60 €
with chemical and organic fertilizers had the g 20 |
greatest inhibitory effects on leaf dry weighttbi .
wheat (Table 3; Fiyl. B). 3 0.

The minimum root dy weight of wheat e o o o
(7.41% of the controlwas obtained in wheat T T
cultivated insoil with black cumin residugnd the % O%}é o,;%

. . o
maximumroot dry weight(98.82% of the control) Fig. VIWheat leaf weight as affected by plant type x pla

W?-S Observed_ 'n_ thewheat grown' In d'”_ residue (A), anglant type x fertilizer typénteraction (B);
rhizosphere soil (Fig/ll. A). Black cumin and dill different letters indicae significant differences at<®.05
by LSD test
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Fig. VIlIWheat chlorophyll a as affected by plant type
plant residue (A planttype x fertilizer type (B), angdlant
residue x fertilizer typeinteraction (C); dferent letters

residuetreated with chenical fertilizer and black indicate significant differences a&@.05 by LSD test.

cumin and dragonhead residue treated with
organic fertilizer showed the greatest inhibitory
effects on the root dry weight of whedfable 3,
Fig.Vil. B).

In the presence of plant residues, wheat fertilizer, but under removed plant residue
root weight was not affeced by the type of conditions, organic fertilizers increased the root



weight in comparison withthe chemical fertilizer
(FigVl. C).

The lowest and highest chloroph A
contents were observed ithe wheat grown in soil
with black cumin residue andill rhizosphere soll
(16.5%and 201.2% of the contrpl respectively
(Fig. VIIL A). Black cumin residue treated with
chemical fertilizer and black cumin, dragonhead
and soybean residues treated with organ
fertilizer showed the greatest inhibitory effects on
the chlorghyll A content (Table 3, FidlilL B).

Under plant residue conditions, wheat
chlorophyll Awas not affeced by the type of
fertilizer while under plant residues, chemical
fertilizers incresedthe chlorophyll A as compared
with organic fertilizer (Fig. IX).

The lowest content of chlorophyll b
(14.9% of the controvas observed ithe wheat
cultivated in soil with black cumin residue and the
highest content (250% of the control) was
recaoded in the wheat cultivated m dill
rhizosphere soil (FigX. A). Black cumin residue
treated with chemical fertilizer and black cumin,
dragonhead and soybean residues treated with
organic fertilizer had the greatest inhibitory
effects on the chloropyll b content (Table 3, Fig.
IX.B).

In the presenceof plant residue wheat
chlorophyll bwas not affecied by the type of
fertilizer while under removed plant residue
conditions, chemical fertilizers increasethe
chlorophyll b in comparisowith organicfertilizer
(Fig.IX.C).

The minimum and maximum carotenoid
contents wererecorded in thewheat cultivated in
soil with black cumin resige and dill rhizosphere
soil (@6.3%, and 194.7% of the control,
respectively (Fig. X A). Black cumin residue
treated with chemical fertilizer and black cumin
and dragonhead residue treated with organic
fertilizer had the greatest inhibitory effects on the
caraenoid content (Table 3, Fi¥. B).

Under plant residue treatmest wheat
carotenoids were not affected by thetype o
fertilizer, but by removinglant residues, chmical
fertilizers increased carotenoids in comparison
with the organic fertilizer (Figk C).
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Fig. IXWheat chlorophyll b as affected by plant type
plant residue (3 planttype x fertilizer type (Band plant
residue x fertilizer typénteraction (C); dferent letters
indicate significant differences at P < 0.05 by LSD test

Discussion

The results of this research showed that

soybeans, black cumin, diland dragonhead

residues had allelopathic effects on wheat
seedling growthand decreased the percentage
and rate of wheat germination. Some of the
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allelopathic compounds such as 1,8 cineshich
have been recorded iniltl (Rostaei et al.20189
may causethe root tip swelling mitochondrial
respiration, stop mitosis and DNA synthesis
(Macias et al., 2007}-urthermore Abu-Romman
(2011) reported that the essential oil of.
biebersteinii was found to be rich in ascaridol; p
cymene, carvenone oxideind camphor, having
inhibitory effects on seed germination and
seedlinggrowth in several weed specieghere is
a probability thatthe presence ofymene in black
cumin and dil[Rostaei et al2018a)has lel to the
reduced seed germination and growth of wheat
seedlings.

Anaya (1999) reported that the
compounds ofalphat e r p i nte&rpineng, py
cymene, limonengand ascaridolén the essential
oil of Chenopodium ambrosioides inhibited the
germination of Amaranthus hypochondriacus by
50%. Black cumin and dill also contain etfe
compounds (Rostaei et al.,20188. The main
effect of these compounds could be due to the
reduction in the seed germinationAllelopathic
materials released by various plant organs can
affect the seed germination of plants by
preventing or blocking honone activity,
preventing the formation of protein structures,
reducing the membrane permeability of the cells,
inhibiting enzyme activityand also reducing or
blocking seed germination Jéfferson and
Pennacchio, 2003).

The sensitivity of wheat tdifferent plant
residues was not similairThe maximum inhibition
in the wheat growth parameters was recorded by
black cumin and the chemical fertilizer treatment
intensified the inhibitory effects of plant residues
(Tabes 2 and 4). The variability flant sensitivity
to plant residues could berelating to their
different physiological and biochemical properties
(Kobayashi2004). Dill and black cumincontain
thymol, carvacrgl and carvone compounds
(Rostaei et al.20189. Azirakand Karaman(2008)
have reported that thymol, carvacrand carvone
showed a high inhibition effect on weed seedjj
even at low concentitions The presence of these
compounds can reduceseed germination and
growth ofthe wheat treated withblack cumin and
dill residues

Fine roots and small leaves were observed
in the rhizosphere soil with black cumin residue.
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The wheat roots were moregiificantly affected
by soybean, black cumin, dragonheaad dill in
comparison with wheat shoots (Figkand Il). The
more inhibitory effects of plant residues on the
wheat root carbe attributed to the fact thatoots
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are the first organ of the plarthat contact with
the extracts of residueglurk and Tawaha, 2002)
Salvia leucophylla produces several volatile
monoterpenoids (camphor, 1;8neole, beta
pinene, alphgpinene, and camphene) that
potentially act as allelochemicals. These
monoterpenoids poduced bys. leucophylla could
interfere with the growth of other plants in its
vicinity through inhibition of cell proliferation in
the root apical meristemNishidaet al.,2005)

It has been reported that allelopathic
materialsinfluencethe action of gibberellirand
indoleacetic acid, thereby preventing
prolongation of cellsQasem, 1992Dill andblack
cumin can contain thea-pinene Rostaei et al.,
2018g 2018b)which is able tanhibit the early
root growth and caus@xidative damage in root
tissue Gingh et al., 2006)The application of
organic fertilizer for thecrops under study
ameliorated the negative effect of black cumin
and sgbean residue on the wheat root and leaf
length (Figsll. B andll. B).

Nitrogen is one of the essential nutrients
for growing plants and developing leaf area.
Allelopathic compositions can reduce the nitrogen
content of the plant by affecting laphases of the
nitrogen cycle and consequently the
development of leaves. Additiafly, allelopathic
compositionslimit the development of various
partsincluding leaves by reducing cell division and
cell growth(EFKhatib et al.2004).

In the presencef plant residue, the root
and leaf weights of wheat were sigua#intly
decreased, withthe greatest decrease being
related to black cumin residues (Fig/l. A).
Application of organic fertilizer in soybean
cropping neutralized the negative effects of
previous crop residues. It appears that soil with
organic fertilizer provides better conditions for
rhizobium activity, thereby reducing the inhibitory
effects of theallelopathic materials on the soil.
Destruction of cell membranes by allelopathic
compoundss a major reason for the decline in the
growth of the target plants Yu et al., 2003)
Ahmad et al. (2016)n their study found that
droughtstressedsoybean leaf extracts weraore
effective in modulating the physiology of maize,
indicating the higher &lopathic potential of
soybean
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Although a soybean Glycine max (L.)
Merr)-wheat (Triticum aestivumL.) rotation
appears to be a logical opportunity to use legume
N as a sustainablgrain production resourcehe
experimental results suggest that soybean root
exudates were responsible for the decrease in
wheat and triticale growth and yieldayset al.,
(1998)

In the present study, black cumingidues
showed more severe inhibitory effects on wheat
photosynthesis pigment than those of other
species. The inhibitory effect of dragonhead and
dill residues on photosynthetic pigmentation
contents ofwheat was intensified by the asof
organic fertilize (FigsVI, VIIL andIX). In general,
there are many known materials that may reduce
the chlorophyll content in target species. For
example, according to Yang et al. (2002), there
was a significant decrease in chlorophyll content
in rice seedlings Aryza sativa) treated with
vanillig ferulic, and paracomaric acid. Studies
confirm that phenolic compounds reduce the
amount of chlorophyll a and b and therelvgduce
the plants photosynthetic potential. Caffeine
acid, comic acidferulic acid cinnamonacid and
vanillic acid significantly inhibited the growth of
soybeans  @lycine max) and reduced
photosynthetic and chlorophyll contesitof this
plant (Patterson, 1981)

Kobayashi{2004)reported that ghenolic
alkaloids decreased the chlorophyll contesnd
rate of photosynthesis. Apparently, alkaloids have
shownallelopathic effects on the germination and
emergence of wheat seedlings when released by
irrigation Qastres et al.,, 2014)Additionally,
photosynthetic pigments could be decreased by
disturbances in the absorption of nutrients such as
nitrogenas well as cellular degradation

Conclusions

The results of this research showed that
soybeans, black cumin, dill and dragonhead
residues had allelopathic effects on wheat
seedlng growth. Based on the filings it is
suggested that iragricultural ecosystems where
wheat is grown in rotation wittsoybeans, black
cumin, dill and dragonheadit is necessy to
avoid wheat cultivation particularly in the
presence oplant residue and it would be difficult
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to implement a minimum tillage system in such
areas. Although the organic nutrition of medicinal
plants under study decreased the inhibitory
effects of the plant residues on some growth
factors of common wheat, the extent of the effect
of these plant resides on wheat growth factors
was so great that it cannot be ignored. If plant
residue conservation is practiced in an area, the
cultivation of soybeans, black cumin, dind
dragonhead are not suitable as rotation crops for
wheat. In such cases, the plamisidues of dill and
dragonhead should be removed frometHiield in
order to improvewheat cropping.
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