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ABSTRACT

Pre-harvest application of herbicides is considered as a way for decreasing seed production, vigour and
germination of the weeds that have escaped from weed control methods and have the ability to increase
the soil seed banks by producing their seeds. This study conducted to investigate the effects of pre-
harvesting spraying on properties of wheat and Glycyrrhiza glabra seeds in different growth stages of
wheat. This method also may cause damages to the crop seeds. A field experiment was carried out in split-
split plot design with three replications. Experiment treatments consisted of different growth stages of
wheat (milky, dough and seed ripening) as main plots, application of glyphosate (SL 41%) and paraquat
(SL 20%) herbicides as sub-plots and different concentrations of herbicides (0, 1, 2 and 3 liters per
hectare) as sub-sub plots. The results indicated that herbicides applied at different growth stages showed
different effects on the properties of wheat and G. glabra seeds. Glyphosate and paraquat had different
effects on the properties of wheat and G. glabra seeds. Given the various concentration levels of herbicides
applied, different results related to different concentrations of herbicide were obtained. Application of 1
I/ha glyphosate at the seed ripening stage showed the lowest negative impact on the properties of wheat
seeds and the highest negative effect on the properties of of G. glabra seeds.
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* Corresponding author E-mail: malizade@ut.ac.ir



(WY seclacale ls doe /(VWA9) O K0 5 (6,08 £Y

Fischer &) 555 0 olS 0us iz colg o 5 Lid
SIS Ysens (Summers, 1980, Halliwell, 1984
o odr oS W ek gatls by (Sl
Lhp il anns J s gbaals 4 5 550

.(Vaughan, 2003, Lock & Wilks, 2001)

Al e 53 S Csls 5l i il 3 5l eslind
Aalt 13 Gl e | pdS Sl Sleedss O aulS
Sl Gledy sy Ol dKa s dleel 5 s
Oldlas e ol s il sl 6;‘8 Sacle
0 VU Gl alS L1l s OlalS oS sl Ol
Madafiglio et al., 1999, ) K, iscde Jlsl
L glackle 3l eslinal (Griffin et al, 2010
dls e 50 J g Hdy Sleeli g, (iSile
<, (Bennett & Shaw, 2000) ols 5 oo Sladlas
5l S B eSS 5SS sl Ol e
33, 5es 1 pslasls Sl idpamn (S s 1S
Lo 5 OAS e ¢ 53405 ) du}g,@u)x_ o 31
Walker & Oliver, ) sl 5 Sy s s sla,d
AU s e dile gy (Lhas ol &S X5 S 0L (2008
ey s sl s e sS85 S Ll ails
A a8 s Som s U B LL A
VY 38 Glad el sl 0l s ol
e 53 S ptIS JUSa J e S5 ele oSS
o g B ol M5 S sy Sy A8
Lo A0 5 N AT M LS |y a8 Son

.(Walker & Oliver, 2008) sls :als

ol (5 acdle (Glycyrrhiza glabra L.) Ol oy o
ol ¢l « (Fabaceae) Vi oslils 5l 5 dludor
0558 Ghle 58155 Ol (e e e S 4 Ll
«(Bahrami & Mirkamali, 1993, Mirheidar, 1994)
(o @ kS ol 3 Sl IS 5 adile S Olpe «

Karimi ) ool o uﬁjsu Q‘YW Ji-,’,-’ E) J;b-

-

Ao

23 Sdle 58 By SOl p ol ey ile
5 emly Ly A e s eiS Cble 5l S glachle
oealS gl sy ol ol eslatal Al o J s adlS
el A3 5 bl (Gialer olas 5 o W
L 5l Jpame slasdy sy 6,6 5 005 5,8 e
Lals .(Bennett & Shaw, 2000) ¢l 3U 0T 3G
oalS o5l S glacide A Sleediy Ao s
Sl Sa slacie Ll 4 el Gy 3 Sa )
oS5 Aals el o, cnl (Clay & Griffin, 2000)
23 dpdee S gblls o e glacde jpa
slaiscie Sl e w2l n 5l e e S
sy edlimal SISLL 5 ConsdS Jre pTl 2
oyl & 1> (Bennett & Shaw, 2000, Zagonel, 2005)
b gl glaisiile 4 o b isile
38 51 s G ls b 5 e slacile 51 s
S e Ll gl Sny o isaile b i) o
SScile s ol OF a5 Sleey Al
() e S a8 Sl Seatn 5 oD S
Ol e O adle s e el J 1S e
G oapie oS Sn s Fl e Sl
sphe e Ay b s J gl
33 CuwsaMS (Hollander & Amrhein, 1980)
¥l Sl Jsl -0 r‘—ij Jos sl 0L
alo 3l 6,8 > Cel 5 o (EPSPS) jlow ool

(Franz, 1979) s 52 o SKslos,l duel (gladesl O
SScile b ol bl e iScile SO OlSIL
RS e s ope om 5L L OLLS s glacas
Dodge & Harris, ) 55, » ;5 o dluS 5 8 slacde
oS Jmn 5 Lap skt sl 05,5 5 SISILL (1970
sl G 3 Al S e s s
53 Nl 5 o OS]y e 3T U,



i

oAb B s lesl s ] (a3 ¥4 5 a3 00
A ell 1SS aw sy el 52 L e S
Aol o3l ek Wl S5 Al e a3 dla
Colo sla = pon ania b alas) (gt e ol
Ao 5 (le L0 Jgl ain U Golas) (6 e dl>
SO S Olgm Gl 5 pss ae b islas) (S,
SN Sile p8 s Sl el Loy Lo
Yo 0sSLlE) SISLL 5 SL asys FY o)
chle e s s sl S Ulgm (SL s
(ol oabe JISs 53 ) 4w 5 95 (S i) ASds
ol Ol ey S f\’-‘." RS sl S Ol
L3 ey s Sl o Rl Gl
S e 4oesdl 8 g8 Jl s paS i o
5 Gl S el 5l e b Sl n g Ol o e
LS L s ol 4 S cugbs O
Wbl Gl S Jsb s ess wsd Sl 018 5
Dt s aie 5 eaS Jeld) e aw 0T (B s e
wlo g sl B laslsl 53 C2lS a4 S s s (Ol
51 eslamal U golal s plil e LIS s olSias L
G o 10 bl Las b Sl Jlis o el 2,
SISLL gl aScile s el o S 0s S
Jole o3 ekl pasis glachle 53 CowsidS
i Pl SO LS s Sy 5 (6 et S
o Oly (el 58 e 5 S oy 2l s
bopdS b (So 5 bles sl ly s

A eslead OL:J uijﬁ'”"

Codlsyy a5 jiacile opl sses L(Alizi, 1989
S 2555 JSie) il OIS sl sl S
oo 03 el plaS a0l S e &
S b)) Jsame S e (s oS
Sl 5 by Al s e glacds 4 4 Jsa
e S s LS amy bl wdS Jpame o5l
S b il )l ape LI (acale
Jom 5 a1 Slagges & i 3501 e s VL
il slasds 5l ST (Musavi, 2011) s5i e |2 s
Gl S8 S G slacile S0 L byl ol
Sols ab e Caeal faose ) s ealind
sbwl 5 od SLow oul dlol cs b sl

.(Rastegar, 2007) s 52 o ool ;5 ul; laas yazms

SScile s LD aslis Gl 5l Cide
3 Sl oy 03 SISLL 5 ce S
gl s ls el clle 5 Ol clls Sy cldls
AU i o s ol sy ol 53 S il
50k e acile )0 Gl ety (g, 1 ekl sl
(’-’55 b gl par e gy L e llasl P S
e SOL & Ol e ok 0 LSl 1 L Al s
CiS 3 Ok et B slaas semms sl 5 S

AT Jos 4 58l S sn

L g, 9 dlge

. n}ﬂ ¢J.;§ @\Ju 0> AYAY Jle s glas e ubesl
Ol s C“e\} 3,5 g Ol el 55 Ol e )'Jzzu'd.o
B> YY 5 oaxyn F4 3,0 Jsb) ol 5 Jbwsler

3,5y dilaie y3 (S Ule 5,5 il (g )U )3 e (2 e o2 e 9 pAS ) Ul e -V Jgi

Table 1. Wheat and Glycyrrhiza glabra growth stages at different herbicide applications date in Shahrekord city.

Date June 1-5, 2015

June 21-26, 2015 July 10-15, 2015

wheat Milky stage
Glycyrrhiza glabra Flowering

Dough stage
Pod formation

Ripening stage
grain filling

ol >l s cilehe glachle s

SISLL 5 o st slaiSile 36 ) sl



(WY seclacale ls doe /(VWA9) O K0 5 (6,08 7¥

ni=100
Ni

Py (%) = 2, S\ dles

LQLA).,L: Sl cni L;ﬁ':)‘dj} J..p)b LPg )slee w\ B
Lé).;\{ JS slaws (NI B d_:)du\f 093 u‘b 63 45\}2.-
AL e

P idler sy

LSLA)"L’ D\.,\x: J.&‘J S L L ‘LA).:LE Ls_:)ﬂb‘j} &:APJ.MI

WS acwlee ¥oabslas leslanad bcgy o 5 en) 4l g

:(Ghalambaz & Fateh, 2011) ¥ dJslss

ni

Vger :Z E
Guo 03 033 &l L ii>ly)
Sl e Sialer Ce e Vger sl ) s
Sao i 5 5 55 eahle L sl i G L L
A2l g tabesl g5 5l
M A
SHlasdy el s lanl Od ey S o3Il sl
dob s A Selul Skl Aoy bl
Sl Ao Osasl el 3l e laemalS
Ol S eslinad b Ldy ay patls Al (Sl
TS el ¥ dslas 5 sles a3 azalS b

: (Ghalambaz & Fateh, 2011) ¥ dsles

Vig=(Ls=* Pg),/100

(cJu.l.A aJu.j ).14. J..p).) J}‘})

Ls (Gl a) 555 erls Vig blee ol 5o
(it 5 ol dob gyame) sl b S

Jwrbd»a u)..b. Oijm'\ﬁ Loy ‘Pgﬁji‘gfo‘f*“}ﬁ

5SAS LIl e 5 Gk 3l el s o 5 4
Loy bt O SH Srus Sl (il S 4
Sy 8l A Ll Sigmaplot 53! SIS
C WS sla iSCile clale f.,L, sla s RISY!

mjg‘ogwﬁjﬁqurﬁ);péuu»u
Gk wle slaye blsl 53 5 ilaws o 2T 51 e
S 52 DS a3 e Ol et gladin el
Voo ssde WO Soa s gl sl
e A 3 S s el Olge 4 el adsS
A 0k e i dile s kS slasds (gl
b S 8 Al bhansS 5 Ol g s 3 cale
b e 5 5sUS ms p Slidkes oSSl w0
ol Osesl eslesl o s Jize ol o8l
e il 5 edS Sl an s Sieler Ce e
S S bl 5l s 6, S eIl allaer s a0l
“obps Sip Sl ol Ok et S adde
.Juiosuzﬁ\u)&g\jﬁ-cé)d\ﬁué}:é

&30lg 23 905

9 VJS L.SLA)J"’ ‘JJ." cJ)Ml}P- Ju.p)b (5;50)‘)4‘ Ls‘f
Aos gy (U315 D e o JSpem b Ol op e
YO (Fu38 i A 00 s CiS sl o mel sla o
Bl Of 4 ke O 1) oo gy 5 8 esls L5 L4
g by L enls I3 5 5lw,) o la fusg Al
b i gl gles wlS e Al wg sle w
3 YO Oly o s 50 il 5 pdS (gl wg sles

Al as S L s

o sl g As s A o el YY
R T I X G- g e R e
L onss onl slesl oo Al 1SS olS o gl 55, Cia
Slod S slaas 5 bayds S slaas omdls cows s
Olo e 5 p kS slasdy S3alr doss o3 4l

b S 13 alee 3550 ) Wslas 3l eslazal b



£0

Ay sy sme bl glales i o
gwsqbtfawwswmdum
Lk;...;'\b e‘JAA 4 Lﬁjju"'d C’J‘L‘J &Sul} }J.:)ls ;_)Ld)
P s 5 s 3550 a3l Slasles San
RO

58l wo

L ¢x§ slasds Jialsr Aoy Jials el g i
o e S5 gl dde L ol
5 SIS G iScale (b e 3 LA
S L pdS Sdiler A wISIL
slackle o Ol e el gy sy sl
sp agme SISLL 5 CawsaW e iScile
.(\ }i.;ﬁ“ Jed>)

(Scde g a3 s s ) an e 58 L
Los pdS bl Siilxr dons 2als o iy
Mls L};‘J?— gdj;‘d&‘)&)éﬁ Lgﬁ kLJQLPJJJ)lS
J}-‘JA 03 LA odalise rJ..f LSLA).JU J)“”‘)" Lo o
oals bl g (AScde chle Al Lo
A5 edalis oS glaydy el o

5 S s Gl iSile I eslinal 1ol o pgwd
S Ol 4 > ‘r,us/ Wls (6 i A= 0 53 I SIHL
s e Ll gl S el Ol s )
Je b S2alS opl & (F oo ) ISK2) i Oly cp e
SScde 58wl ey Oli L o4 laSSss
Sy 3 St Jrle 50 SISLL 5 S a8
s sl Sl Aoy fals Csl cr.x;f £ls
s PP male de b rals Gl s s Ol

I NPV

Gl sld g Seilll slaatls L, SISLL
dolee (pAS ) cilims >lie 03 Oly o e 5 e
o3ls 53l (0 alslae) o el )l 95 5 ke \Jﬁ}’. sl

W

f =a*exp (-b *x) 10 Wsles

by polie VL A @ tarly uine of talslee opl s
S A s 0l ot s il s pdS Slis o
2o ot b sl e Sl clle
Sl il o 5 S o st sl Ly &S (GlaU
sl scle cble 3U gl jowe 03,51 cants
sl (¢ Seslhl slajaxli  SISIHL 5 o sadS
53 olas (@S &ils (g s Al e 53 Ol op et Sl
s esls 35l (5 alslae) o el g3 sl TeSS
02 aslee

Regionl(t) = (y1*(T1-t) +y2*(t-t1))/(T 1-t1)

Region2(t) = (y2*(t2-t) +y3*(t-T 1))/(t2-T1)
o by ol VU as Yl ol s
S A 3 O et 5 e L sl el
Ly pilis pfeS T1 5 Adb Sio isile chle
S A s Ol et 3 e S Gla el o
Gl il Eb as o mie iSaile chle
s w2 3 RMSE  exls 5l dadae L)
A eslezwl (RZA]) o e

i 5 kS ok b Shs i S b Ol b
il W 5 SiSdle 4 A WIS e Ol
chle Cule 4 oag LY dads) AL oosla
8 5 sline ml ks ey G sla tSile
S bl 5l casw iScile il glackle

' - Exponential Decay
¥ - Piecewise



(WY seclacale ls doe /(VWA9) O K0 5 (6,08

55

95,5 oloj U CoT ol el 0 e 5 0S4 b S g Jullio g ol 15T (p-ValUe) (il g 41525 ¥ S
ST g Camgi WS gla LS ile cdalé

Table 2. Analysis of variance (p-value) of wheat and Glycyrrhiza glabra seeds characteristic affected by date of applications and dose
of glyphosate and paraquat herbicides.

Germination Seedling length Seed vigour Germination rate 1000 Seed weight
S.0.V. df wheat Liquorice wheat Liquorice wheat Liquorice wheat Liquorice wheat Liquorice
Rep 2 0.33 0.1736 0.4534 0.5153 0.4980 0.2184 0.4534 0.2264 0.2429 0.2721
Stage 2 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Error 6 - - - - - - - - - -
Herbicid 1 0.6847 0.0018 0.0001 0.0241 0.0073 0.0418 0.0058 0.0002 0.0001 0.0001
e
Stage*H 2 0.5831 0.0004 0.0001 0.0001 0.0001 0.0001 0.1273 0.0005 0.0001 0.0001
erbicide
Error 6 - - - - - - - - - -
Dose 2 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Dose*sta 4 0.0001 0.0001 0.3126 0.0001 0.0001 0.0001 0.0009 0.0001 0.0001 0.0001
ge
Dose*He 2 0.0031 0.0148 0.0001 0.0001 0.0616 0.0001 0.8257 0.0328 0.0001 0.0001
rbicide
Dose*Sta 4 0.0007 0.0119 0.0807 0.0001 0.0001 0.0001 0.0363 0.0970 0.0001 0.0001
ge*Herbi
cide
Error 24 - - - - - - - - -
C.V. 2.01 6.16 245 0.02 2.80 10.59 4.28 8.53 0.67 1.17
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Figure 1. Germination percentage of wheat seeds affected by different date of applications and dose of glyphosate and paraquat
herbicides.
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Table 3. Parameters of germination percentage of wheat and Glycyrrhiza glabra seeds affected by different date of applications and
dose of glyphosate and paraquat herbicides using piecewise and exponential decay functions.

Germination
glyphosate
W heat maturing parameters wheat Liquorice wheat Liquorice
stage
wo 98.73 (1.15) 66.66 (0.59) 97.62 (2.77) 66.66 (0.59)
Milky b 0.48 (0.01) - 0.48 (0.02) -
R? 0.99 0.99 0.97 0.99
RMSE 2.75 1.03 5.04 1.03
T1 - 1 - 1
wWo 100 66.53 (1.23) 100 64.58 (2.19)
Dough b 0 0.36 (0.01) 0 0.51 (0.03)
R? 1 0.98 1 0.96
RMSE 0 2.28 0 3.97
wWo 100 66.21 (1.18) 100 66 (1.16)
Ripening b 0 0.33(0.01) 0 0.33(0.01)
R2 1 0.98 1 0.98
RMSE 0 221 0 2.18

WO: The highest values of the wheat and Glycyrrhiza glabra seeds characteristics, without herbicide.
T1: The Lowest values of the wheat and Glycyrrhiza glabra seeds characteristics in highest concentration of herbicide.

b: Slope of the curves.

Paraquat Glyphosate
80 80
60 60
~
g ~ =
s h s
§ 40 - ~ § 40
= \v\ =
= — 5
&) <) ~ (&)
- ~ -
20 - s 20
S~
0 T > 0 T T T
o 1 2 3 o 1 2 3
Herbicide dose (L/ha) Herbicide dose (L/ha)
[ ] Milk stage L] Milk stage
o Dough stage o Dough stage
¥  Ripening stage w  Ripening stage

WIS, g Comghs W5 LS ile lie SIS § B ao (o) mil Coxi (b o s (S0, 35ailgn a0 p3 Y IS

Figure 2. Germination percentage of Glycyrrhiza glabra seeds affected date of applications and dose of glyphosate and paraquat

herbicides.
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Table 4. Parameters of germination rate of wheat and Glycyrrhiza glabra seeds affected by date of applications and dose of
glyphosate and paraquat herbicides using piecewise and exponential decay functions.

Germination rate

glyphosate paraquat
W heat maturing parameters wheat Liquorice wheat Liquorice
stage
Wo 98.86 (1.70) 35.97 (0.41) 97.66 (2.62) 35.97 (0.41)
Milky B 0.68 (0.02) - 0.70 (0.03) -
R2 0.99 0.99 0.98 0.99
RMSE 3.03 0.71 4.65 0.71
T1 - 1 - 1
Wo 100.15 (1.42) 35.91 (1.09) 101.33 (1.66) 35.42 (1.24)
Dough B 0.10 (0.008) 0.49 (0.03) 0.13 (0.01) 0.70 (0.05)
R2 0.92 0.96 0.94 0.96
RMSE 2.83 1.98 3.28 2.20
Wo 100.85 (1.44) 35.88 (0.90) 100.25 (1.45) 35.53(0.97)
Ripening B 0.10 (0.008) 0.44 (0.02) 0.13 (0.009) 0.49 (0.02)
R2 0.93 0.97 0.95 0.97
RMSE 2.86 1.65 2.85 1.76

WO: The highest values of the wheat and Glycyrrhiza glabra seeds characteristics, without herbicide.
T1: The Lowest values of the wheat and Glycyrrhiza glabra seeds characteristics in highest concentration of herbicide.

b: Slope of the curves.
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Figure 3. Germination rate of wheat seeds affected by date of applications and dose of glyphosate and paraquat herbicides.
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Figure 4. Germination rate of Glycyrrhiza glabra seeds affected by date of applications and dose of glyphosate and paraquat

herbicides.
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Table 5. Parameters of seed vigor of wheat and Glycyrrhiza glabra affected by date of applications and dose of glyphosate and
paraquat herbicides using piecewise and exponential decay functions.

Seed vigor
glyphosate paraquat
W heat maturing parameters wheat Glycyrrhiza glabra wheat Glycyrrhiza glabra
stage
wo 308.96 (6.05) 34.91 (0.56) 306.48 (10.56) 34.91 (0.56)
Milky B 0.68 (0.02) - 0.78 (0.05) -
R?2 0.98 0.99 0.97 0.99
RMSE 10.75 0.97 18.62 0.97
T1 - 1 - 1
wo 302.99 (5.73) 34.61(0.83) 316.18 (3.25) 34.85 (0.70)
Dough B 0.09 (0.01) 0.70 (0.03) 0.08 (0.006) 1.17 (0.05)
R?2 0.86 0.98 0.95 0.99
RMSE 11.43 1.48 6.50 121
Wo 315.2 (2.19) 34.66 (1.28) 311.73 (3.37) 35.20 (0.97)
Ripening B 0.03 (0.003) 1.30 (0.12) 0.08 (0.006) 0.60 (0.03)
R? 0.90 0.97 0.94 0.97
RMSE 4.46 2.22 6.75 1.75

WO: The highest values of the wheat and Glycyrrhiza glabra seeds characteristics, without herbicide.
T1: The Lowest values of the wheat and Glycyrrhiza glabra seeds characteristics in highest concentration of herbicide.

b: Slope of the curves.
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Figure 5. Wheat Seed vigour affected by date of applications and dose of glyphosate and paraquat herbicides.
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Table 5. Parameters of seed vigor of wheat and Glycyrrhiza glabra affected by date of applications and dose of glyphosate and
paraquat herbicides using piecewise and exponential decay functions.

Seed vigor
glyphosate paraquat
W heat maturing parameters wheat Glycyrrhiza glabra wheat Glycyrrhiza glabra
stage
WO 308.96 (6.05) 34.91 (0.56) 306.48 (10.56) 34.91 (0.56)
Milky B 0.68 (0.02) - 0.78 (0.05) -
R2 0.98 0.99 0.97 0.99
RMSE 10.75 0.97 18.62 0.97
T1 - 1 - 1
WO 302.99 (5.73) 34.61 (0.83) 316.18 (3.25) 34.85 (0.70)
Dough B 0.09 (0.01) 0.70 (0.03) 0.08 (0.006) 1.17 (0.05)
R2 0.86 0.98 0.95 0.99
RMSE 11.43 1.48 6.50 1.21
Wo0 315.2 (2.19) 34.66 (1.28) 311.73 (3.37) 35.20 (0.97)
Ripening B 0.03 (0.003) 1.30 (0.12) 0.08 (0.006) 0.60 (0.03)
R2 0.90 0.97 0.94 0.97
RMSE 4.46 2.22 6.75 1.75

WO: The highest values of the wheat and Glycyrrhiza glabra seeds characteristics, without herbicide.
T1: The Lowest values of the wheat and Glycyrrhiza glabra seeds characteristics in highest concentration of herbicide.
b: Slope of the curves.
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Figure 6. Seed vigour of Glycyrrhiza glabra affected by date of applications and dose of glyphosate and paraquat herbicides.
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