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Table 1. The results of analysis of variance analysis for the effect of leaching and soybean, black cumin,
dragonhead and dill residue on emergence percentage, emergence rate, root length, leaf length, and leaf area
of winter canola
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Plant residue (R)
LxP 6 521.5%%* 0.26%** 12710 0.08* 0.63**
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R S S22 17.6 17.2 12.7 18.3 12
CV (%)
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,"and ™" denote significant at P < 0.05, P < 0.01 and 0.001, respectively. ns: not significant.

W plack cumin &loabew  Osoybean Lgw DOdill wes B dragonhead g ol

100 - a a
90 T ab ab
80 - N b
be ¢
70 -
cd

60 - cd cd

50 4 . de
40 -

30 -

20 - ¢

10 A

0 , 1

Twice leaching o sl )b g5  Once leaching o siul ;b s Without leaching o giul e

uu\.& B oy
Emergence percentage

2 LSD psail bl 2 aline B9y gl (slareSiloo 03aly S o s Slie 2 5] sl o (LS Gbli blie 51.) Y&

W I e g bl B /40 Lzl b
Fig. 1. Interaction of plant residue and leaching levels on emergence amount of winter canola interaction.
Means with the same letters do not have statistically significant differences based on the LSD test at 0.05 level
of probability.
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Fig. 2. Interaction of plant residue and leaching levels on emergence rate of winter canola. Means with the
same letters do not have statistically significant differences based on the LSD test at 0.05 level of probability.
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Fig. 3. The effects of leaching levels (A) and plant residue (B) on roots length of winter canola. Means with

the same letters do not have statistically significant differences based on the LSD test at 0.05 level of
probability.
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Fig. 4. Interaction of plant residue and leaching levels on leaf length of winter canola. Means with the same
letters do not have statistically significant differences based on the LSD test at 0.05 level of probability.
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Fig. 5. Interaction of plant residue and leaching levels on leaf area of winter canola. Means with the same
letters do not have statistically significant differences based on the LSD test at 0.05 level of probability.
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Table 2. Results of analysisvariance for the effect of leaching and soybean, black cumin, dragonhead and dill
residue on leaf dry weight, root dry weight, and photosynthetic pigments of winter canola.
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Plant residue (R)
LxP 6 0.005%** 0.003** 111.8%%* 228.4%** 26.61%**
Errorlls 36 0.0004 0.0009 1.17 0.18 0.04
R S 220 14.9 15.3 9.2 6.5 7.5

CV (%)
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*,*and ™" denote Significant effect at P < 0.05, P <0.01 and 0.001, respectively. ns: not significant.
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Fig. 6. Interaction effect of plant residue and leaching levels on leaf dry weight of winter canola. Means with

the same letters do not have statistically significant differences based on the LSD test at 0.05 level of
probability.

Ay ) SeS 039
039 2 el Slds olasi 5 (LS SLle S
o wd o g o) il e (o any, Sis
ol g ol Olads olaws o alS sLls blae il
30 (Y Jgu2) 095 o gxe /¢ ) Jloiol o o e
bl 0) LS (bl gt Lo 5 b g0 jles

Ol B g il LIS ady; SB35 (029

P LS cal o8 o LIS S Sas 559 25l
IS S Stz 55 ol Al o S plodl &0 50
Ojs Lol (P JS8) @l bl sl 5 g Ll 5o
il Al o 9 0 0B )3k Ll jo IS 5 Sas

(P JSC) 8h (s iy a3



)

1¥AQ / Jgl o lous [ pid Jlw [ oyl ! ydo by g

SIS Judg IS liae 090 yidn (6 l3 dixe ok o gdal
Sy dly ol st b aed gLl jo eud cois
ol Jb 93 5 JLSs ok 5o (5l me IS

(A JS5) s osaline

b Judq,ls

Hlize 5l 5 gl Slabs slaas 5 LS Ll I
J39,15" 5 orgal Slads slows jo  oLS bl
J89,0S ol i (¥ Jgo2) 390 o sxe 1315
Sl 59 gudsyob g ailamlw Ll 4o oo cuaS 1S h
Ly 5 253 sblis sl (g o oanline gl 1l g0
drb b9 IS Gliae cn i )1 (pgal LSy L
(A JSs)

Hblack cumin alosbew  DOsoybean bgw

0.3 -
ab

0.25 A be be

<

— [
(0] N
1 1

(p55) &y Sl (439
Root dry weight (g)
(=]

abc
1 ¢
0.05 4 I
0 T

039 RelS 4 e osdal s e oS 09 b 50
5 a8l al, GlIS Gl el cpl g ad 4y, Sis
S s (Y JSE) o9 ala>dle LB ailoalw LU
Ao S Jlesl O)ge j0 wgd Ll Ho IS ads,
Oy g3as Ll 5l aS o) 05 VY @ gl

(Y JS8) 05 ol

a Jedg ks
Bl STy psial Dlads olaxi oL Ll ]
s )5 Oliee » psiel Slabs slaws )3 LS bl
P IS a J3g 15 Gliee ¥ Jgo2) 092 ylosne IS 2
Wabls goiian abuly (o9l (e b g job sLL
o 3 Ol Tl wilsaliw 9 bgw sLle 6l Iy
Oph Sl gl Gl b &S g5k 4 2dl als

Odill wgs Bdragonhead g ol

il

Twice leaching gl jb 9o Once leaching gl ;b 5 Without leaching o giul (90

LSD gge3T bl p ailie gy shyls slonuSiloo o3l 131 aty, S 039 p (ol zolaw 15 (alS Ll Jlie 1.V JSo

S g s e g bl M 140 Loz elas o

Fig.7. Interaction of plant residue and leaching levels on root dry weight of winter canola. Means with the
same letters do not have statistically significant differences based on the LSD test at 0.05 level of probability.
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Fig. 8. Interaction of plant residue and leaching levels on chlorophyll a of winter canola. Means with the same
letters do not have statistically significant differences based on the LSD test at 0.05 level of probability.
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Fig. 9. Interaction of plant residue and leaching levels on chlorophyll b of winter canola. Means with the same
do not have statistically significant differences based on the LSD test at 0.05 level of probability.
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Fig. 10. Interaction of plant residue and leaching levels on carotenoids amount of winter canola. Means with
the same letters do not have statistically significant differences based on the LSD test at 0.05 level of

probability.
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Improving the Emergence, Growth and Some Physiological Parameters
of Canola (Brassica napus) by Leaching of Allelopathic Compounds of
Soybean, Black Cumin, Dragonhead and Dill Residue
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Extended Abstract

Introduction: Plants release much of bioactive chemicals from different parts such as leaves, stems and
roots through different mechanisms to their surrounding environement. These biologically active chemicals
are often referred to as "allelochemicals". Allelopathic compounds play a major role in reducing germination
and the growth of crops.

Materials and methods: In this study, the effect of leaching on the reduction of phytotoxicity effect of
soybean, black cumin, dragonhead and dill was investigated on the emergence and early growth of canola
(Brassica napus L.). The experiment was conducted as factorial based on a completely randomized design with
four replications in 2016. Treatments included four previous crop residue (soybean, black cumin, dragonhead,
and dill), and three levels of leaching (without leaching, one-time leaching, and two-times leaching). The
leaching-free treatment (control) was sub-irrigated to maintain the uniformity of environment moisture. Five
days after the first leaching, the two leaching treatment was irrigated again. Five days after the second leaching,
when the soil moisture was suitable for seed planting, 10 seeds of canola were cultivated in each pot at a depth
of 3 cm of soil. After three weeks seedlings of canola were removed from the pot and the traits were measured.

Results: The results showed that the growth characteristics of canola, except root length, were affected by
the residues of the previous crop. In non-leaching conditions, the residue of the four plants reduced the rate
and amount of canola emergence, and the greatest reduction in canola emergence was recorded for the
application of black cumin residue (7.5%). In the leaching conditions, the length of canola leaves increased,
which was higher in the twice leaching treatment. This trend shows that as the amount of leaching frequency
increased, it is highly likely that more inhibitiing materials leave the soil and conditions become suitable for
canola germination and growth.. The highest dry weight of canola root was observed in one-time leaching
treatment. The dry weight of canola leaf grown in dill and soybean residues was increased as a result of one-
time leaching, whereas the dry weight of canola grown in black cumin and dragonhead residues showed a
higher increase in two-times leaching. Results show that four studied plants have canola growth inhibiting
compounds and leaching can ameliorate this effect. The response of canola in the soil containing black cumin
and dragonhead residues is higher in two-times leaching, and in the soil containing plant residues dill, one-
time leaching is sufficient. In soils containing soybean residue, the response index was almost similar in case
of one and two-times leaching.

Conclusion: Generally, the results showed that the application of leaching before planting canola reduced
the inhibitory effects of plant residue on germination and growth of canola. Therefore, it is suggested that in
the agricultural ecosystems in which canola is present in crop rotation, cultivation of canola must be avoided
in presence of soybean, black cumin, dragonhead, and dill residue to eliminate their inhibitory effects on canola
growth. In areas with water restriction, autumn rainfall can act as leaching and reduce the effect of allelopathic
compounds. In case leaching is not possible, cultivation of canola inside the residue of these plants must be
avoided.

Keywords: Allelopathy, Emergence rate, Phytotoxicity, Response index

Highlights:
1-Leaching can reduce the effect of allelopathic compounds.
2- Allelopathic compounds of some plants such as black cumin showed better response to two-times
leaching.
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