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Abstract: Two pot experiments were conducted during two successive summer seasons of 2010 and 2011 in
the greenhouse of National Research Centre, Egypt to study the effect of incorporating seeds powder of Eruca
sativa and Brassica rapa to the soil at the rate of 0, 25, 50 and 75 g/kg soil on the growth and propagative
capacity of purple nutsedge as well as maize plants. At 45 days after sowing (DAS) all concentrations used of
both E. sativa and B. rapa minimized to great extent the growth of foliage, underground organs as well as the
dry weight of purple nutsedge that reached to complete control at 75 DAS, only with the higher concentrations
(50  and  75g/kg  soil)  of E.  sativa . On the other hand, low and middle concentrations used of both E. sativa
and B. rapa caused significant increase in all growth characters and total carbohydrate contents of maize
comparing to the corresponding controls. Results suggested that both E. sativa and B. rapa seeds powder
could be used as a natural selective bioherbicide to control purple nutsedge weed and also improve maize
growth.
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INTRODUCTION The aim of this study was to investigate the

The allelopathic compounds (allelochemicals) watercress (Eruca sativa) and turnip (Brassica rapa) in
released from plants into the environment, as a result of controlling the growth and propagative capacity of purple
secondary plant metabolites, include a variety of nutsedge (Cyperus rotundus L.) which considered the
compounds, often attract or repel, nourish or poison other most world’s worst perennial weed and one of the main
organisms. Allelochemicals like phenolic compounds, weed in maize (Zea mays L.) fields.
flavonoides, terpenoids, alkaloids,  amino acids and
glucosinolates were found in different allelopathic plants MATERIALS AND METHODS
[1-4]. Brassicaceae family has allelopathic potential on the
growth of other plants [3,5-7]. They mainly produce Two pot experiments were carried out during two
glucosinolates that are not biologically active under successive summer seasons of 2010 and 2011 in the
normal conditions. When the plant tissues and cells are greenhouse of National Research Centre, Dokki, Giza,
disrupted they are hydrolyzed by the enzyme myrosinase, Egypt. The stock of purple nutsedge (Cyperus rotundus
resulting in several degradation products, including L.) used as a source of tubers was collected from a dense
isothiocyanates, nitriles, thiocyanates, epithionitriles and stand at the National Research Centre Experimental
oxazoliolines [8]. The main breakdown products are Station. Maize (Zea mays L.) grains C.V. pioneer 30k 8 as
isothiocyanates  which  are  phytotoxic  [1,  5-7,  9,  10] well  as  the  seeds  of  watercress (Eruca  sativa)  and
and have  pesticidal  activities  [3,  11].  Brassicacae turnip (Brassica rapa) were obtained from Agricultural
plants have been reported to be higher in glucosinolate Research Centre, Giza, Egypt. Clean seeds of E. sativa and
levels in the seeds than that in the leaves, stems and roots B. rapa were grinded to fine powder, after that the powder
[1, 3]. was  immediately  incorporated  in  the  soil  surface before

allelopathic potential of two Brassicaceae plant seeds,
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sowing at the rate of 0, 25, 50 and 75g/kg soil. Dormant determined colorimetrically using Folin and Ciocalteu
tubers  of  purple  nutsedge  and  grains  of  maize  were phenol reagent according to the method defined by Snell
sown  2  cm  deep in plastic pots filled with 2 kg of soil. and Snell [14].
The experiment consisted of 9 treatments including
control, each treatment consist of 8 replicates. Total Carbohydrate Contents (mg/g DW): Total

Data Recorded colorimetrically by the phenol-sulphuric method [13].
Purple Nutsedge: Four replicates were collected from
each treatment at ages of 45 and 75 DAS and the Statistical Analysis: All data were statistically analyzed
following growth characters were taken: according to Snedecor and Cochran [15] and the treatment

Number of mother shoots/tuber.
Number of leaves of mother shoots/tuber. RESULTS
Length of mother leaves (cm).
Number of daughter shoots/tuber. Purple Nutsedge Growth
Number of leaves of daughter shoots/tuber. Purple Nutsedge Foliage
Number of propagative organs (basal bulbs and Growth Characters of Mother Shoots: Generally all
tubers)/plant). growth characters of purple nutsedge increased by
Number of rhizomes/plant. increasing the plant age (Table 1), while when purple
Length of rhizomes/plant (cm). nutsedge growing with maize the growth criteria of purple
Dry weight of foliage (g/plant). nutsedge were significantly decreased as compared to
Dry weight of underground organs (g/plant). corresponding control, except the number of mother
Total dry weight (g/plant). shoots/tuber at 45 DAS. Treatments with the seeds

Maize Plants: In both seasons, samples of maize plants number of mother shoots/tuber of purple nutsedge with
were collected at 45 and 75 DAS to determine: the highest concentration (75g/kg soil) at 45 DAS, while

Plant length (cm). 75 g/kg soil of E. sativa. Significant reduction in the
Number of leaves /plant. number of mother shoots/tuber of purple nutsedge was
Root length (cm). also recorded with different concentrations of B. rapa at
Fresh weight of plant (g). 45 and 75 DAS, except the low concentration (25g/kg soil)
Fresh weight of root (g). at 45 DAS comparing to the corresponding control. Low
Fresh weight of total plant (g). concentration (25g/kg soil) of E. sativa caused highly
Dry weight of plant (g). significant reduction in the number and length of leaves
Dry weight of root (g). of mother shoots/tuber at 45 and 75 DAS as compared to
Dry weight of total plant (g). their corresponding controls, while the highest

Chemical Analysis: the same mother characters. Different concentrations of B.
Total Glucosinolates (µmol/g DW): Total glucosinolates rapa treatments in both growth ages showed high
were extracted from dry samples of seeds powder of both significant reduction in the number and length of mother
E. sativa and B. rapa. Glucosinolates were measured by leaves/tuber. The rate of reduction increased by
determining the liberated  glucose  which  released  during increasing the concentration and the age comparing to
hydrolysis   by myrosinase enzyme [12]. The resulting their corresponding controls.
glucose was determined colorimetrically according to the
methods defined by Nasirullah and Krishnamurthy [13]. Growth Characters of Daughter Shoots: Complete

Total Phenolic Contents (mg/g DW): Total phenolic obtained due to the application of E. sativa (25, 50 and
contents of both E. sativa and B. rapa seeds were 75g/kg   soil)    at  two  ages.  Different  concentrations  of

carbohydrate contents in maize leaves were estimated

means were compared by using LSD at 5% probability.

powder of E. sativa caused complete control in the

at 75 DAS the same results  were  recorded  with  50  and

concentration  (75g/kg  soil)  caused  complete control in

control to daughter shoots of purple nutsedge was



World Appl. Sci. J., 26 (9): 1142-1149, 2013

1144

Table 1: Effect of different concentrations of Eruca sativa and Brassica rapa seeds on the growth parameters of Cyprus rotundus foliage (Average of the two seasons)

Growth characters

---------------------------------------------------------------------------------------------------------------------------------------------------------------

   Mother shoots    Daughter shoots

------------------------------------------------------------------------------- ------------------------------------------------------------------------

No. of shoots/tuber No. of leaves /tuber Leaves length (cm) No. of shoots/tuber No. of leaves of shoots/tuber

Rate --------------------- ----------------------- ---------------------- ----------------------- ---------------------------------------

Treatments (g/kg soil) 45 days 75 days 45 days 75 days 45 days 75 days 45 days 75 days 45 days 75 days

C. rotundus -- 2.0 3.0 21.8 25.0 46.0 57.5 4.0 5.4 12.0 15.6

C. rotundus + Z. mays -- 2.0 2.0 17.5 21.0 42.0 32.3 3.0 2.1 8.0 5.9

C. rotundus + Z. mays + E. sativa 25 1.0 0.5 3.0 2.6 19.0 15.0 0.0 0.0 0.0 0.0

50 0.3 0.0 1.5 0.0 11.0 0.0 0.0 0.0 0.0 0.0

75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

C. rotundus + Z. mays + B. rapa 25 2.0 1.0 9.0 8.0 39.0 27.0 1.5 0.0 4.0 0.0

50 1.0 1.0 8.0 5.3 28.0 22.0 1.0 0.0 3.0 0.0

75 1.0 0.7 5.0 3.8 25.0 12.0 0.5 0.0 2.0 0.0

LSD  0.05 0.3 0.2 0.96 1.1 2.27 1.82 0.3 0.2 0.9 0.3

Table 2: Effect of different concentrations of Eruca sativa and Brassica rapa seeds on the growth parameters of Cyprus rotundus L underground organs

(Average of the two seasons)

Growth characters

-----------------------------------------------------------------------------------------------------------------------

No. of basal bulbs and tubers /plant No. rhizomes /plant Length of rhizomes (cm)

----------------------------------------------- -------------------------------- ------------------------------

Treatments Rate (g/kg soil) 45 DAS 75 DAS 45 DAS 75 DAS 45 DAS 75 DAS

C. rotundus -- 4.20 6.0 3.9 5.4 12.50 13.9

C. rotundus + Z. mays -- 2.40 2.6 2.8 1.9 10.70 6.8

C. rotundus + Z. mays + E. sativa 25 0.00 0.0 0.0 0.0 0.00 0.0

50 0.00 0.0 0.0 0.0 0.00 0.0

75 0.00 0.0 0.0 0.0 0.00 0.0

C. rotundus + Z. mays + B. rapa 25 2.00 0.5 1.5 0.5 6.00 5.4

50 1.33 0.0 1.3 0.0 3.25 0.0

75 1.0 0.0 1.0 0.0 0.50 0.0

LSD  0.05 0.25 0.34 0.36 0.17 0.84 0.27

B. rapa seeds powder in the 1  age showed significant also recorded (45 DAS) on the number of basal bulbs andst

reduction in both daughter characters, the rate of tubers/plant, number of rhizomes/plant and length of
reduction significantly increased by increasing the rhizomes with all concentrations of B. rapa. The rate of
concentration rate used. Maximum reduction was reduction, increased by increasing the rate of
recorded  with  the  highest  concentration  (75g/kg soil) concentration used as compared to the corresponding
of B. rapa which reached to 83.3 and 75.0 % in the number controls at 75 DAS, the low concentration (25 g/kg soil) of
of daughter shoots/tuber and number of leaves of B. rapa caused pronounced and significant reduction in
daughter shoots/tuber, respectively comparing to their the different growth parameters values of underground
corresponding mixed control. At the 2  age, all B. Rapa organs comparing to their corresponding controls. Thend

treatments resulted in complete control to daughter rate of control in the number of basal bulbs and
characters. tuber/tuber reached to 91.7 and 80.8 %, respectively when

Uunderground Organs: All concentrations of E. sativa concentrations (50 and 75g/kg soil) used of B. rapa
caused complete control of all underground organs caused complete control of all growth characters of
criteria at both growth ages. Significant reduction was underground organs of purple nutsedge (Table 2).

compared to the corresponding controls, while the higher
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Table 3: Effect of different concentrations of Eruca sativa and Brassica rapa seeds on the dry weight of foliage, underground organs and total dry weight (g/plant) of Cyperus rotundus (Average

of the two seasons)

Dry weight g/plant

--------------------------------------------------------------------------------------------------------------------------------------

               Foliage      Underground organs   Total dry weight (g/plant)

------------------------------- ----------------------------------- ------------------------------------------

Treatments Rate (g/kg soil) 45 DAS 75 DAS 45 DAS 75 DAS 45 DAS 75 DAS

C. rotundus -- 0.90 1.50 1.40 1.60 2.30 3.10

C. rotundus + Z. mays -- 0.36 0.31 0.33 0.25 0.69 0.56

C. rotundus + Z. mays + E. sativa 25 0.13 0.10 0.00 0.00 0.13 0.10

50 0.05 0.00 0.00 0.00 0.05 0.00

75 0.00 0.00 0.00 0.00 0.00 0.00

C. rotundus + Z. mays + B. rapa 25 0.30 0.25 0.20 0.10 0.50 0.35

50 0.15 0.10 0.15 0.00 0.30 0.10

75 0.10 0.05 0.05 0.00 0.15 0.05

LSD at 5% 0.09 0.09 0.08 0.07 0.16 0.13

Table 4: Effect of different concentrations of Eruca sativa and Brassica rapa seeds on growth characters of Zea mays plants at 45 and 75 days after sowing (Average of the two seasons)

      Growth characters

-------------------------------------------------------------------------------------------------------------------------------------

     Plant length (cm)        No. of leaves/plant      Root length (cm) 

------------------------------- ----------------------------------- ------------------------------------------

Treatments Rate (g/kgsoil) 45 DAS 75 DAS 45 DAS 75 DAS 45 DAS 75 DAS

Z. mays -- 58.1 62.8 5.0 6.2 34.5 53.5

Z. mays+ C.  rotundus -- 51.6 60.7 4.2 5.3 31.4 51.2

Z. mays + C. rotundus + E. sativa 25 69.7 84.0 6.0 7.5 40.0 61.1

50 83.0 101.5 7.6 8.5 50.7 66.0

75 46.0 82.6 3.8 7.2 27.1 59.6

Z. mays + C. rotundus + B. rapa 25 63.4 77.6 5.6 7.1 37.0 57.4

50 75.0 94.2 7.2 8.0 42.7 62.0

75 35.9 39.1 3.2 4.0 20.6 32.6

LSD at 5% 0.78 1.60 0.51 0.19 1.08 1.84

Dry Weight: Dry weight of foliage, underground organs growth caused significant reduction. The rate of reduction
as well as total dry weight of purple nutsedge alone significantly increased by increasing the concentration
(Table 3) increased by increasing plant age, while mixed rate used until it reached to 96.4 and 84.8%, respectively
stand of purple nutsedge + maize recorded significant as compared to corresponding controls. After 75 days of
decrease in both ages of growth (45 and 75 DAS) in these growth (75 DAS) the higher concentration used of B. rapa
characters  as  compared  to   their   corresponding recorded complete control. The pattern of change in the
control (purple nutsedge alone). Different concentrations total dry weight of purple nutsedge (foliage +
of E. sativa as well as B. rapa induced high significant underground organs) showed the same tendency in the
reduction  in  the  dry  weight  of foliage of purple dry weight of foliage (Table 3) in the two ages of growth
nutsedge at 45 DAS comparing to the corresponding (45 and 75 DAS) comparing to the corresponding
controls  except  the  highest concentration (75g/kg soil) controls.
of   E.    sativa    that   caused   complete   control.   After
75  days,  low  concentration  (25 g/kg soil) of E. sativa Maize Growth: Results presented in Tables 4 and 5
and  the three concentrations of B. rapa caused illustrated that 25 and 50 g/kg soil of both E. sativa and B.
significant  reduction  in  the  foliage  dry  weight rapa caused significant increase in all growth characters
comparing to the corresponding controls, while both of maize in the two ages of growth as compared to their
higher concentrations (50 and 75g/kg soil) of E. sativa corresponding controls. The middle concentration (50g/kg
caused  complete  control  of  foliage  dry  weight of soil) of E. sativa achieved the maximum increase in all
purple nutsedge. The underground organs are the main these growth characters in both growth ages comparing
storage  parts  of  purple  nutsedge  plants.  All to the corresponding controls. The maximum increase in
treatments of E. sativa in both ages of growth induced the total dry weight of maize at 75 DAS was recorded with
complete control of underground organs growth, while 50g/kg soil of both E. sativa and B. rapa reached to 144.4
different concentrations of B. rapa after 45 days of and  125.9%, respectively as compared to corresponding
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Table 5: Effect of different concentrations of Eruca sativa and Brassica rapa seeds on growth characters of Zea mays plants at 45 and 75 days after sowing (Average of the two seasons).

45 days after sowing 75 days after sowing
------------------------------------------------------------------- -------------------------------------------------------------------------
Fresh weight  (g//plant) Dry weight   (g//plant) Fresh weight (g//plant) Dry weight  (g//plant)

Rate ----------------------------- ---------------------------- -------------------------------- --------------------------------
Treatments (g/kg soil) Plant Root Total Plant Root Total Plant Root Total Plant Root Total

Z. mays -- 7.7 2.7 10.4 1.26 0.86 2.12 12.4 8.3 20.7 2.14 2.24 4.38
Z. may s+ C. rotundus -- 6.6 2.0 8.6 1.00 0.63 1.63 9.8 6.7 16.5 1.38 1.55 2.93
Z. mays + C. rotundus + E. sativa 25 13.1 4.9 18.0 1.75 1.37 3.12 20.2 14.9 35.1 2.81 2.97 5.78

50 13.9 5.6 19.5 2.10 1.52 3.62 29.2 17.9 47.1 3.90 3.26 7.16
75 5.1 1.4 6.5 0.90 0.49 1.39 14.8 12.5 27.3 2.60 2.62 5.22

Z. mays + C .rotundus + B.rapa 25 10.0 3.2 13.2 1.48 1.0 2.48 18.0 13.7 31.7 2.73 2.71 5.44
50 12.7 3.7 16.4 1.71 1.20 2.91 21.7 16.2 37.9 3.50 3.12 6.62
75 4.0 1.1 5.1 0.63 0.35 0.98 5.4 4.1 9.5 0.97 0.93 1.90

LSD 0.05 -- 0.23 0.21 0.61 0.13 0.08 0.22 1.12 0.81 1.05 0.15 0.06 0.09

Table 6: Effect of different concentrations of Eruca sativa and Brassica rapa seeds on total carbohydrate contents (mg/g DW) of Zea mays Leaves.

Days after sowing (DAS)
--------------------------------------------------------------------------

Treatments Rate (g/kg soil) 45 days 75 days

Z. mays -- 136.90 149.30
Z. may+ C. rotundus -- 92.40 138.60
Z. mays + C. rotundus +   E. sativa 25 296.41 376.05

50 394.83 460.49
75 90.20 274.21

Z. mays + C. rotundus +  B. rapa 25 207.15 322.31
50 249.97 370.17
75 83.32 107.43

LSD 0.05 -- 3.74 3.60

Table 7: Total glucosinolates (µmol/g DW) and Total phenolic contents (mg/g DW) in Eruca sativa and Brassica rapa seeds

Materials Total glucosinolates (µmol/g DW) Total phenolic contents (mg/g DW)

E. sativa 316.03 35.62
B. rapa 252.70 28.41

mixed control (maize+ purple nutsedge). It is worthy to concentration (50 g/kg soil) of E. sativa (394.83 and
mention that the highest  concentration  of  E.  sativa  at 460.49) as compared to corresponding mixed control (92.4
45 days   showed   significant  reduction  in  different and 138.6) at 45 and 75 DAS, respectively (Table 6). 
growth parameters in maize comparing to corresponding
control. However, by increasing plant age (75 DAS) a Changes in Total Glucosinolates and Total Phenolic
recovery lead to significant increase in these characters. Contents in Eruca sativa and Brassica rapa Seeds
Applying the highest concentration of B. rapa
significantly inhibited to high extent all maize characters
at both growth ages when compared to corresponding
controls.

Changes in Total Carbohydrate Contents: Total
carbohydrate contents of maize leaves significantly
increased when treated with the low and middle
concentrations (25 and 50 g/kg soil) of both materials
used (E. sativa and B. rapa) in the two ages of growth (45
and 75 DAS) comparing to corresponding control. The
highest total carbohydrate contents in maize leaves in the
two growth ages was recorded with the middle

Powder: The results in Table 7 indicated that total
glucosinolates in E. sativa seeds are higher than that
present in B. rapa by about 20%. The same tendency was
recorded with total phenolic contents of two Brassicaceae
plant seeds, E. sativa and B. rapa.

DISCUSSION

Research efforts in the past have concentrated on the
discovery and use of herbicides for weed control.
Recently, there have been considerable efforts in
designing weed management strategies of allelopathic
compounds  as bioherbicides to suppress weeds in crops
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[3, 6, 16, 17]. The allelopathic potential of residues of some CONCLUSION
Brassicaceae plants were investigated under both
laboratory and field conditions to determine the
possibility of using them as natural pesticides for
controlling weeds [3, 6, 11, 16, 17]. Secondary plant
metabolites include a variety of compounds that could be
released into the environment by means of four ecological
processes, volatilization, leaching, decomposition of plant
residues in soil and root exudation [18]. When
Brassicaceae plant tissues are disrupted, glucosinolates
are hydrolyzed to a number of products. The main
breakdown products are isothiocyanates, which are
phytotoxic and achieved good results in controlling
weeds [1, 6, 7, 9-11, 17, 19-23]. The results of this study
reveal that all different treatments of both E. sativa and B.
rapa seeds powder minimized to a great extent, all growth
characters of foliage and underground organs, as well as
the dry weight of purple nutsedge until it reached to
complete control with the higher concentrations of E.
sativa seeds at the second growth age (Tables 1, 2 and 3).
Similar results were reported by allelochemicals present in
the other plants powder [4, 24-30]. On the other hand, the
results of the present research reveal that the low and
middle concentrations (25 and 50g/kg soil) of both E.
sativa and B. rapa have a stimulatory effect (negative
allelopathic effects) on different maize growth characters
and carbohydrate contents in the two growth ages as
compared to the corresponding controls. Best results
achieved by the middle concentration of E. sativa. Similar
results were also reported by allelochemicals present in
the powder of other plants [4, 31, 32]. Both Brassicaceae
plants seeds E. sativa and B. rapa achieved to great
extent good results in controlling the perennial weed,
purple nutsedge and also improved the growth of maize
plants, this may be due to the selectivity of
allelochemicals in their action and plants in their
responses [33]. Allelochemicals which inhibit the growth
of some species at certain concentrations may stimulate
the growth of same or different species at different
concentrations [4, 34].

It is worthy to mention that, the increase in both
allelochemicals (glucosinolates and total phenolic
contents) in E. sativa seeds was more than those occur in
B. rapa seeds which lead to increase in its allelopathic
potentiality in controlling purple nutsedge weed. Finally,
both E. sativa and B. rapa seeds powder could be used
as bioherbicide similar to the synthetic herbicide Basamid,
since the mode of action of both is the production of
isothiocyanates, which effectively control the growth and
propagative capacity of purple nutsedge and other weeds
[35-37].

The  results  of  this  study  indicate  the  possibility
of  using   the   allelopathic   activity  of  Eruca  sativa
and Brassica rapa seeds powder as a selective
bioherbicide for controlling purple nutsedge in maize
cultivation. Therefore, further studies are still needed
under field conditions.
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