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Introduction

Peppermint (Mentha piperita) is considered as one of the oldest medicinal plants. It is herbaceous and
perennial belonging to the Lamiaceae family. The production of secondary metabolites in plants is influenced by
the environment. Weed competition is of the most effective factors affecting crop yield in medicinal plant
production systems, and can influence the quantity and quality of the essence constituents. The extent of crop
yield loss depends on presence and competition duration of weeds. A period during the crop growing season in
which weeds control is essential to prevent yield loss is called the critical period of weeds control. Respect to the
importance of weed presence duration in yield loss, and the variability for critical period of weeds control
depending on crop species and cultivar, and characteristics of weeds communities in different areas, and also
because of increased interest in medicinal plants production and extraction, and limitation for herbicide
application in medicinal plants, it is essential to understand different aspects of weed- peppermint competition.
Therefore, the objective of this research was to acquire information about the effects of weed competition
duration on peppermint growth and yield, which possibly can lead to integrate various approaches into weed
management programs, and improve weed control strategies.

Materials and Methods

This study was conducted as a randomized complete block design with 12 treatments and three replications at
research farm of the University of Guilan. Treatments were arranged in two series including weed-free and
weed-infested treatments which respectively hand-weeded and un-weeded from the beginning of the growing
season up to 16, 32, 48, 64, 80, and 96 days after crop planting. Peppermint cuttings with 6-8 cm height were
hand-planted on 50-cm apart rows with 20 cm spacing between plants (density of 10 plants.m2) on early May.
Peppermint plants were hand-harvested 96 days after planting when 50% flowering occurred at the full-season
weed-free plot.

Results and Discussion

Dominant weed species included barnyard-grass (Echinochloa crus-galli (L.) Beauv.), yellow foxtail (Setaria
glauca (L.) Beauv.), annual nutsedge (Cyperus difformis L.), crab-grass (Digitaria sanguinalis (L.) Scop),
knotgrass (Paspalum distichum L.), common cocklebur (Xanthium strumarium L.), spurge (Euphorbia indica
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Lam.) and redroot pigweed (Amaranthus retroflexus L.). Maximum height of peppermint (71.2 cm) was
observed in treatments with at least 32 weed-free and at most 32 weed-infested days from the beginning of the
growing season. In the other treatments, final height of peppermint plants reduced by 9.1%. Nod number per
stem (22 nodes) was not influenced by weed control or interference. The maximum branch number per plant
(37.1) was observed in treatments with at least 32 weed-free and at most 48 weed-infested days. The minimum
branch number per plant was observed in the full-season weed-infested treatment (14.6) and also in the treatment
that hand weeded just 16 days from the beginning of the growing season (17.6). The maximum dry weight of
peppermint at harvest (193.62 g.m2) was observed in treatments with at least 48 weed-free and at most 32 weed-
infested days. The minimum dry weight of peppermint was 30.06 g.m2 and belonged to the treatments including
at least 64 weed-infested days, and also to the treatment was weed-infested from 16 days after planting up to the
end of the growth seaso. Biological yield of peppermint in full-season weed-free treatment was 2044 kg.ha*. For
control treatments, weedy condition during 16, 32, 48, 64, and 80 days led to a biological yield loss of 0.3, 3.2,
7.8, 27.9, and 87.2%, respectively, whereas for infested treatments, weedy condition during 16, 32, 48, 64, and
80 days caused 4.8, 15.6, 41.5, 75.1, and 87.7% biological yield loss, respectively. Also 91.3% reduction was
recorded for biological yield of full-season un-weeded treatment. The highest percentage and vyield of
peppermint essence were observed in treatments of 64, 80, and 96-day weed-free (3.38% and 68.30 kg.ha™?). The
least essence percentage was 0.48% and was recorded for 96-day (full-season) weed-infested treatment. The
least essence yield was belonged to 96, 80 and 64-day weed-infested, and 16-day weed-free treatments (4.4
kg.ha?).

Conclusion

In general, the growth and yield of peppermint diminished with decreasing weed-free duration and increasing
weed-infested duration. Full-season weed competition compared to the full-season weed-free control, reduced
height, branch number, biological yield, essence percentage, and essence yield of peppermint by 13.5, 61.1, 91.3,
86.3, and 98.8%, respectively. These results support the importance of weed management in peppermint, as
weeding was necessary from 22 to 49 days after peppermint planting by accepting up to 5% vyield loss, and from
29 to 42 days by accepting up to 10% yield loss.

Keywords: Critical period for weed competition, Gompertz equation, Logistic Model, Medicinal plants,
Weed management
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Table 2- Scientific name and functional groups of dominant weed species observed in peppermint field (Mentha piperita L.)
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Crabgrass (L.) Scop. Poaceae Annual  Narrow-leaf c4 Noxious
5 Ay Paspalum distichum L. oleexS dosiz Sk @ e gee
Knotgrass Poaceae Perennial Narrow-leaf c4 Noxious
595 . . LolS Al S :
6 o7 Xanthium strumarium L. e ? ro% ) A g
Common cocklebur Asteraceae Annual Broad-leaf C3 Noxious
ygud 48 L BV dlos S ; ¢
7 0922 Euphorbia indica Lam. 0% ? ro% ) To 2=
Spurge Euphorbiaceae ~ Annual Broad-leaf C3 Non-noxious
8 job adyy ozl Amaranthus retroflexus g5zl N[y S o a)s ke T
Redroot pigweed L. Amaranthaceae  Annual Broad-leaf C4 Noxious

Al )18 5 pmcile 4 oagll Laylyd p> aby uad (gl )3 59, VY
FEIV 8l Jobo) aiails )S0uS5 b (gl ire gl ajlas polas
2 il gl gy ) il ol Jsbo IS sk 4 (e 8l
a8l Jobbo o8l yials aoym /Y ja slacale b colsy ass
los 5 pur 3 Sk JyiS 0y93 b (2lajlow ) (s gl
b b e glacide (Y Joiz) 39 5 o¥sb <oy o) L
A B g Al gy by (@bio 5l odlatwl ) BYL 06, LUl
Slase gl loas Jald glins o9l (cYL 3 265 £l dnwgs
153 o3 oS glisl ials el okS 3,Shas 1 e ilss
) sl 03 )15 50 slacicle Sl 0,59 Jobo (i
» a8l (Hussain et al., 2019; Kavurmaci et al., 2010
015 (s6l35 LS €165 Gl s ymcile b el clillas Sy
gy i sladdle o515 5 8 4 lgiie |y el cnl Js el
€5 |y ol a9 Gl 4531 G (o) olS W5 g £
Jadeles cls, (Amador-Ramirez, 2002) a3 s )3 50
s gLyl (Mentha arvensis L.) ulj slis b j o slacale
313 EaLS 4o)3 VY (s g g Jlad b duslie )3, s
(Walia et al., 2007)
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S o oy Al 039 jieS Bl Jobo iul38l g odd oy
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Table 3- The effect of weed presence duration on peppermint (Mentha piperita L.) traits

Sampling times (days after peppermint planting) ( Jald glias cudls 51 uas j9,) 5,10 paiged Jolpe

16 32 48 64 80 96
Stem lenght (cm) aélw Job
5mile 3] (ke 00 16 1232 222 35.2¢ 40.3 55,5 cd 64.4 ¢
s, b sl 5 32 10.1 % 18.7 35,7 d 43.7 54.3d 70.0
Weed-free period 48 10.2 bb 21.8 35.8 j 44.0 56.2 bdd 72.0
from the beginning of 64 9.7 18.3 35.7 453 56.0 72.0
the growing season 80 10.5 ab 19.2 35.7 de 48.5 62.82 70.0 ab
growing
96 12,08 20.33 36.2 ¢ 51.3 62.3 8 7212
o ) 16 9.7¢cd 16.7 36.7 ¢ 49.2 53.0¢ 7222
somdle 2 035l 0,92 32 8.5 d 20.2 40,5 o 50.5 57.0 bod 703
15 Joab sl ) 48 9.7 25.7 43,5 abc 49.7 54.34d 64.5¢
Weed-infested period 64 10.3bc 24.0 46.32 47.0 55,7 o 66.6 b
f“;]m the beginning of 80 9.9 bed 22.0 457 46.0 57.7 bed 65.7
the growing season 96 8.3¢ 24.2 44,3 e 46.0 54.2 d 62.3¢
Branch number in plant aig > oo ,8 ad Wi dlaxs
5mile 31 (ke 00 16 5.50 14.2 abc 155 13.67°¢ 16.6¢ 17.6¢
o L il 32 3.83 1558 28.22 26.33 33.7%® 36.3
Wegdﬁf veriod 48 5.50 12,2 o 2752 31.83 % 353 36.1%
from the beginning of 64 3.83 14.3 3¢ 232 26.33 % 327 3794
the growing season 80 3.17 16.72 2754 3250¢% 36.2% 3862
96 5.67 14.2 abc 29.72 31.67 42332 375
et 16 3.17 12.2 abed 26.2 % 35.832 350 39.22
ppmdle 435l 05 32 3.67 9.3cd 19.8 b 26.67 % 377 36.7
15 Juab sl ) 48 6.17 10.0 bed 13.3 ¢ 20.50 b 30.2 b 342
Weed—infeste_d period 64 5.50 7.34d 73¢ 9.50¢ 21.3cd 31.6 bc
from the beginning of 80 6.00 754 11.8 e 12.83¢ 12.0¢ 255¢
th
€ growing season 96 4.17 6.7 ¢ 8.3 % 10.67 ¢ 6.6° 14.6 ¢
Dra matter (gr.m?) Suis 9
5pmile | g le 0y 16 5.93 1752 37.7 cde 196¢ 23.4 26.3°¢
A5, b el 32 3.78 15.2 abe 81.2® 85.1 bed 140.8 b 14750
Weed-free period 48 3.02 1852 94,12 1235 159.8© 188.42
o 64 2.73 13.0 ¢ 62.6 abe 129.5 2 142.3 ¢ 197.92
from the beginning of
the growing season 80 3.53 15.8 64.2 abe 118.4 2 199.12 203.92
96 5.20 14.6 ¢ 97.0¢° 131.2 2 174.4 % 204.42
e ad] 16 1.70 13.7 abc 62.4 abc 91.7 a¢ 189.0 194.72
sale 4035l 0,90 32 1.95 10.0 « 30.6 cde 48.7 d 90.0 172.62
A8y Juad (sl ) 48 4.78 10.3 bed 23.7 % 23.4¢ 49.4 d 119.7°
Weed—infeste_d period 64 4.73 10.4 bed 228¢ 15.3¢ 184 ¢ 50.9°¢
from the b_egmnmg of 80 4.63 10.7 bed 30.0 cde 19.2°¢ 2.8 de 252¢
the growing season 96 4.67 8.8« 24.6 % 18.1°¢ 9.4¢ 17.8°¢

chl 5l 5m ladile 4 039l g 5l oyle ol lows 5,15 ,SuS b doyd B w43 (I3 gize MBI LSD 9051 poll oS yiio o 5 Jolas (gl (sl uSilio ¢ygia 5oy
39 b cglacile 4y 039l g 3l g)le e CuiS I g 3oy A5 g Ar ST FA XY AP L ) L
Means within a column followed by the same letters are not significantly different at the a=0.05 (LSD test); Weed-free and weed-
infested treatments respectively were hand-weeded and un-weeded from the beginning of the growing season up to 16, 32, 48, 64, 80,
and 96 days after crop planting.
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jpadile Sl gsle 5oy YA 5l puinr & (olajless 53 (m2pe 520 3 p)5
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S 39 alajles 4 bgye (@pe yio 3 p)5 VWIFA) 0395
sycale & odgll byl )0 o) FA 5l i de &y Ay uad gl
3or L S5l ey 59) VP 5l 4 (g)lesd 5 g W09 485 1,8
g 41,5 )13 5 ymiile 4y o9l Ll )3 (5l pdiged

0395 &5 2o Cuildyy plin 13 g CullS 5l a9, AF

0395 T § (p yisdi ey 395 HlAde oy ity ay Jald gl

b 0y Juob (sl 1 g CudlS 31 g gy ¥V b 0y Juoh (sl
A5 5 5F FA XY Lolajlas) Loy jpacale 5l o)le (gl paises o,
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o= 39 YA) )l ymasiged 59, L oS olojlos 53 9 VA 035
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oielS wd (g )lgd sle 4 Cund 2o 3 YY 2 lacile
Jeabslas el 6,5y adllas ;> (Walia et al., 2007) cdl,
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Hlews 4o cuws g (Yadav et al., 2019) swyd VY wd g
b ials’ (Walia et al., 2007) o> ¥V wd (g 5bsd

JA sladile J 58 Al s 090

0393 oV JS= 9 0 Joaz) Sitwad 9 5 peelS @l 510 L
Vg VIB D iy Ly (il gliss 5y lacile S8
YR 5 ¥O B YY A LYY 5l iy Syjelom 5,Slas Lials doyd
(7 Jga2) 29 Ml gl sloazalS culdlS I g 59, ¥Y U

oial38l U sl 5 Slae wlal i3l samlie peus alijly 4o
bl By J o oy 80 B S 4 yp slacile <o) 059
Mubeen et ) cusly g ps 3 Sas as Glals 51 (6,5 5l> Cax
(al., 2009

59 YV 9 W ki b g (5acile 5l gyle j5, 07 9 £F FA slajlas)
2y 8 5y mcade an ool bly s jd ady Jomd (clunl
CpyieS s odmlie jyaile 4 039l 5o, ¥Y V5 (clale)
F 39V 58S )lo 3 (@ye yio 3 )5 Yo/ +F) 03g5Cumn
iy )y B 5y acale @ oxgll Lalyd )5 Ay Juad bl b cusls
shaljlas alajles 3 35 9 (jadile Sl sle jg) V7 sles)
Sy jpacale 4 09l Ll )5 5o, SF 5l i Code 4 AS, Juad
25 oanliiie (jyncile 4y 039l o) A5 5 5F (ol jloss) Wing 41,5
(¥ Jg)

3y Shoe cadl el elyy Gl g)l50 0 50 slacale jpan
Gsilan 35 i gl 3 550 o3 ool 3,Slee (sl 5
My sialS Cage jpb slacale coliy 5 yaels A sdalie &S
9 S e mlio Cla L jya clacale 8ly o ub SUis ools
Job 15U coss jialS ol olise wcusls salgs Jlis 4 1 ol
239> Jy-b (I 4SSl 5 (0 )13 50 slacdle jpi> 0)90
Ohen g e b0 GRIEI 55 ol Olas e ladile gl
ColBy )90 Jobo iuls8l as” asily plsl (Hussain et al., 2009)
ol Syiglsn 3,Shos il 53 ol sine 5l o slacile
029 b Hled b duolde o jya slacale Juadpled coldy il
SUEE (jg 9§ Gy she A g Ve G s ol (e
(Yadav etal., 2019) x5 _5l5 gl

S gl bl o jSlas g o ja Sa59d g8 8 Slas
Jradplos S8 jlow p3 (Hild glisd 1359l gm 3 ,Sdes
3y Sas nyiar 9 LS )3 p 5o LS V¥ oy slacile
sdalio (olaylas 3 (S )5 oSS VAV ) A el SGjglgn
1939 el )l oy YV 5l pui ady b (il 5l a8 s
L aag ymcile 4y 039l jg) YV 5l a8 &' ol lod (iien
S pace a8 el oS e jyadile Sl le g oy
et i My Juad ol o) FY 5 FA XY A5 3 5 slacile
s Sojglam 3 Shos Lials wo > YV/A o VIA XY o /Y Cam
Jad gl 59, V7 ) e J S (B &S Jlop sl 0l il
593 A 53 IS pae) b Uiy o5l g 9 485 000 0
OBl o) VIV Jild lisd Sojglgm 3)Sos (1) Jad (sl
s glisd Sofglgn 0o jya slacile fuab plos <ol cdly
03¢ (6w yd 5yp slacile S pas by LialS asy VWY,
3y Joad glanl 5l ey A g £Y SA XY A8 U, mcale 4



Y\ e A gL 50 5,0 gladile 508 Sy 0590 i 9 S14igS o JS 15 (slojosw ).uL ol )Son g o5 (SrosY

Caild e o 4> (Mentha piperita L.) Jild gl Olho o 352 sl s 0,95 J1-£ Jodo
Table 4- The effect of weed presence duration on peppermint (Mentha piperita L.) traits at harvest

S5lon 2 ,Sas ol a0 2 il 3 s
Biological yield (kg/ha) Essence percentage (%) Essence yield (kg/ha)
o 16 262.6C 1.51e 3.73e
padle J sile 09> 32 1474.7ab 2.14c 39.45¢
A3y Jab glaz ] 48 1883.8a 2.38hc 44.85bc
Weed-free_per_iod 64 1978.7a 3.17ab 63.14ab
from the b_egmnlng of 80 2038.6a 3.49a 71.87a
the growing season % 2043.9a 3.49a 69.90a
o g 16 1946.7a 2.05¢ 40.20c
))zm_nl; £y 0.59” 093 32 1725.9a 2.22¢ 41.05¢
Ay e gl 5l 48 1196.6b 2.38bc 27.84cd
Weed-infested period 64 509.3c 1.75de 8.54de
from the beginning of 80 252.3¢ 1.75de 4.48e
the growing season 26 178.2¢ 0.48f 0.85e

a03gll 5 5l )le slalows 05,05 50085 b dioyd O prdaws 43 ()b ine BT LSD 905l Llil oS jiie s o JBlis (il (glo puSilio pgin o )
L5390 5ym clacale 4 039l g 5l oole ol ga cutS Sl s 9y A g A ST FA XY AF U ad, b el 5l jum clacale
Means within a column followed by the same letters are not significantly different at the a=0.05 (LSD test); Weed-free
and weed-infested treatments respectively were hand-weeded and un-weeded from the beginning of the growing season
up to 16, 32, 48, 64, 80, and 96 days after crop planting.
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Table 5- Coefficient estimates to determine relative peppermint (Mentha piperita L.) biological yield using the Gompertz
and logistic models

55,:;1? dalro o 2ol Sovmd ddlre &L el )b
Gompertz parameters Logistic parameters
D B A C R2 D B A C R2
90.25 5.72 22.18 8.62 0.99 94.96 453 50.82 2.30 0.99

Sy d SS59lom 3 Sas slodly 4 s gy Y=C+D/(1+exp(-A+Bt)). Siwad xb g Y= C+Dexp(-exp(-(t-A)/B)) <5 ,0l5 &b
sl 9 (oYU il MBI D (¢ goxin sl ibre C ¢ s S5elan 0,Slae Y dbleo 90 y2 j> b o3y (ol 50 slacale o 03l sille

ol (Jild gl i8S g gy oy Olaj U ein JSb 018 (s (slapial)l B g A (05 ol X goxie
Gompertz, Y= C+Dexp(-exp(-(t-A)/B)), and logistic, Y=C+D/(1+exp(-A+Bt)), equation was fitted to relative
biological yield of weed-free and weed infested series respectiely, where in both models, Y is the relative biological
yield, C is the lower asymptote, D is the difference between the upper and lower asymptotes, exp is the mathematical
constant e, A and B are parameters that determine the shape of the curve, and t is the number of days after peppermint
planting.
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Figure 1- The effect of weed free (Gompertz equation, e) and weed infested (Logistic equation, o) duration on peppermint
(Mentha piperita L.) biological yield compared to full-season weed-frre control
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Table 6- Number of weed-infested and weed-free days for 5, 7.5 and 10 percent biological yield reduction of peppermint
(Mentha piperita L.)
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