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ABSTRACT

To evaluate the effects of bromicide AM (bromoxynil + MCPA) alone or mixed by salicylic acid,
cytogaite, and ammonium sulphate on chlorophyll a fluorescence (ChlF) of redroot pigweed (Amaranthus
retroflexus L.), a greenhouse experiment was conducted in randomized complete block design with three
replications in Agricultural Faculty of University of Tabriz in 2017. Bromicide AM, 16 hours after
application, increased minimum fluorescence (Fo) 84%, thermal dissipation quantum yield (Fo/Fm) 89%
and the rate of accumulation of closed reaction centers (AV/At,) 59% and decreased maximum
fluorescence (Fm) 40%, maximum quantum yield of photochemistry (Fv/Fm) 71%, electron transport
yield (@eo) 94%, normalized area (Sm) 97% and time needed to reach Fm (Tfm) 89%. Salicylic acid as a
growth regulator had not negative effect on the efficacy of bromicide AM. 64 hours after herbicide
application, synergistic effect on bromicide AM ammonium sulphate and cytogaite reduced 52% and 45%
Fm, 62% and 37% Fv/Fm, 25% and 11% Fv/ Fo, and enhanced 6% and 3.5% Fo/Fm, 72% and 25%
specific fluxes expressed per reaction centers (ABS/RC), 83% and 30% ratio — flux of dissipated energy
per reaction center in t = 0, respectively. Results showed that assessment of chlorophyll a fluorescence is
a rapid and non-destructive technique for detecting photosynthetic apparatus response of plant to applied
herbicide alone and or mixing with adjuvants.
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Table 1. Measured and calculated chlorophyll fluorescence parameters

oolensls Ll Cell wud 4 (g8l esle

Fluorescence Description

parameters

Fo Minimal fluorescence, when all PS 1l reaction centers are open (at t = 0)

Fm Maximal fluorescence, when all PS 1l reaction centers are closed

Fv Variable fluorescence

Fv/F, A value that is proportional to the activity of the water-splitting complex on the donor side of the PSII

®po Thermal dissipation quantum yield

Ppo Maximum primary yield of photochemistry of PSII

0eo Quantum yields of photoinduced electron transport in PSII reaction center from Q™ to plastoquinone

ABS/RC Absorption flux (of antenna Chls) per reaction center

ETo/RC Electron transport flux (further than reduced Qa) in active reaction center

DI/RC Dissipated energy flux per reaction centers (at t=0)

Area The area above the chlorophyll fluorescence curve between FO and Fm (reflecting the size of the
platoquinone pool)

Sm Representing energy necessary for the closure of all reaction centers

AV/At, The rate of accumulation of closed reaction centers

Tfm Time needed to reach Fm
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Figure 1. Effect of herbicide treatments on minimum (Fo) and maximum Fluorescence (Fm) of redroot pigweed

(Amaranthus retroflexus L.), 16, 40 and 64 hours after treatment . Bars by different letters are significantly different (P <
0.05) according to the least significant difference (LSD) test.

Mehta et ) al s (2l 1 s 555 Sdla 2alS Cle a5 lala s Slas ulagsh Ol



AN o bl el Sl 5 S g g pol O b T dslag S 5

o5l 2L Sl g (FV) jedie uilujold

(FV/FM) 1 gl 953
Sl il sl LBl 51 (RY) gine il s
O350 Sl 2pdipr dmlee Jild uileysls
e 3 e odias DL aze il 5k
S PS5 RS Bl s IS il b
Baker & Rosenqvist, ) <ol sl s gla [2iS1g
Slasles plas 53 FV Ol Oley <osdS L (2004
A ol L S (oSt sk iS il
Glasles 4 by s les Jlasl 5w el V1 s
ekl by 5SS+ el Ll
Sl el 5t s s Al Sl
<‘“T doslos p les 3 malS ulaScale s S

3 SN0 Gt Db ) el S +

oo 53 (FM) Slas il 4 Ol e (@l 2010
gl sl ol s wuld 4 ascide gl
S paisel Sl g+ ob T dslos 53 2alS
VY Ul b anslis s Gl Jlesl 5 celes
Slesi LS 5 55 Lla, e 5 (5 R 2alS A
gl 3 el STkl # ol T deslag b ol
S ol B 5 VE (LleS @ (,1—1 dclog o b
3 e bl sl 0L (6 i ialsil Fo oles Jlesl
T dslos s Sl b aslie 3 FM 5 Fo ccsla g
Laslie jo ol sl bl s (g 2l uiALSc{:\
5 opssel St el dnlesy sl
GeS odd Gl S8 4 ekl by,
IS Sl e aS sl 0L @L.: Dl s
SScile L oSS 5 aed Sl el

Y }1.1 -
( ) Arglog b aslie 53 L FM 5 Fo ol dslos
sls 3l o iy dgs e
« Control = Bromicid + Control * Bromicid
1200 % Bromicid + SA % Bromicid + Cytogaite % Bromicid + SA & Bromicid +Cytogaite
& Bromicid + Sulfat ammonium 08, 5 ¥ Bromicid+Suffat ammonium
0001 2 a R a a
0.7 4
8o oo E 06
> | S
SEC'EE D L\" 03
HE i HH |I 0.4
400 - |
03 b b
02 :
0- b ¢

16 HAS 40 HAS 64 HAS

Times (houre) after herbicice application

40 HAS 64 HAS

Times (houre) after herbicide application

09950 (FUFM) 11 panpaogid 0533158 (T )18 5510 g (FV) yunitio (ilew jld o (liSidle (slajlond 53T Y UL
&alol GBI (g1 1d glisie By y> b (b ygiaws « jlowd 31 oy sl TE g £+ 31 ((Amaranthus retroflexus L.) je yidui

(LSD=5%) s 415 _gize

Figure 2. Effect of herbicide treatments on variable fluorescence (Fv) and maximum quantum yield of photochemistry
(Fv/Fm) of redroot pigweed (Amaranthus retroflexus L.), 16, 40 and 64 hours after treatment. Bars by different letters are
significantly different (P < 0.05) according to the least significant difference (LSD) test.
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Figure 3. Effect of herbicide treatments on efficiency of the water-splitting complex on PS11 (Fv/F,) and thermal quantum
yield (Fo/Fm) of redroot pigweed (Amaranthus retroflexus L.), 16, 40 and 64 hours after treatment. Bars surmounted by
different letters are significantly different (P < 0.05) according to the least significant difference (LSD) test.

(ABS/RC) I piaumnw g5 yiiiS g

Pl Gonips by s o 5551 b



owlwygld oo Sloj duold 5 (AV/ALD) duwd i
530, 51 e sl YT (TFM) 2STas 5 JBlas
S dle ol

a5l 0, Jlast s sl el ‘tl—T deslo s
5 (ETo/RC) Qa) A 05558 5o b 5l =Sty S
3 0s SN ) el S essl S alg o
51 eslizal s (@eo) (PQ) 058 sudly 4 QA
Y dsdr) spl ksl DA s S350 sl
05 A8 0 1S GO S &l azm> Ared (V5
(Goncalves, et al.,2007) aas o oL 1, (Qe Qa)
Al 4 Sty S e 5 ol Jsl B
A sgb & mhe ol wsd &SH 055
el V1 (Kalgji & Guo, 2008) .l » als
awlis js Area (iScile slaslad 5,08 51 ey
YL ok Jloji s SM 2l el aals L
w8l (’ﬂ G55 ey QLS &S ol o
3o el V5l ST S eles O
Sty (St eSSl lasles 508
Uizl pde 5 03, QU] e O3 4S50 L 1
Sdd 4y bl ol Q4 el bl Qa 51 0 S
53 0p U glaedi S OAd 4S5k LSl Al
ot 05 QU et 5 05,01 Ul o
@AVG/dty) ot atuy [2S1s 810 mazs Ol s cols
o Fm o Fo 5l Oy sl oY Oles 5 SRl
5 ¢e0 SM Area  jals il el ol

fl—T doslos p sles 53 AV/ALy 2153l SETO/RC
“t S g S ppgel Sl LSS 0
@ eESdle A5 LA e LS Al

AL el ol L Scle S

S5 Ol 0l oS L 5 iScale s S L
(e 53 SN ST e e 1S Lo 5 0dd o
Sl ol el il s« (ABS/RC) I
3 s IS SLawlaS oS ol ol edias 0L
Sl 7Sl e s (65,0 A e oS
oS il 5 e 55 caas JLanl (RCY)
5@po malS Sl AU Ols o Ly siy cnl 355 o0
oSIs S e a3 S5 2d5,48) DIVRC 5
Glas Jlasl 3l e cslw e .ol (PSII
+obl dsles 2 sl 612 ABSIRC Ul o i
5 S gt T dlog 5 p sl Sl
Sl ol dlos (sl OF Oloe o2 208
Ao S als boanolas s ol

(DIO/RC) STy 55 po y )3 (5551 ©3) )0

o s e (551 JS 2, s Olpe SL DIW/RC
e sty She a4 G SRSl S1he 2S5
LS o w0 LS e (6550 Sy e ol Lol
WL bt gl b UL 5 el
L DI/RC (VL ,slas (Strasser et al., 2004)
Falqueto et al., ) <ol LL,l 53 T8 Salsst
Slasbeg oo s sl (il (65,51 e (2010
&0l sl L wals b oanlie s LiScile
S5 A e GRIB el S Rl cal
e 3 passal Sllge b b oy Sl
LA ens 0L Ll e & 2y R oS s
P sl b Asdle S 5 s A8
il

Fro2 Qe jlan @) gepSl JEI oL
09N JURT ogiileS 3, SMos (ETORC) LiiSTy
(50 Cluo (PE0) (yghadgS gty 42 Qa- 51 S
Jboy maw (Area) pSlas o J8las pwilwyold o
STy 3150 go Glie dSM) (Sodie WL oo

' - Reaction center
¥ - Photoinhibition



M aslacde (2ils dees /(1749) g\,lfwj&)ua),‘.?m Yo¥

i = Control ~ Bromicid
60 | % Bromicid + SA ] = Bromicid + Cytogaite
= Bromicid + Sulfat ammonium
) 50 - ‘
T b
I =
< 30 | %
20 - [
b b !
© By ‘| g
0 R % : '-:-;-;l ﬁ
16 HAS 64 HAS
Times (houre) after herbicide application

080y 5 w9 AU (ABS/RC) STy 3550 2 13 (00355 (sladidy l5) (lyn i 5 oS il glajlosi il € JSS
S5 x5 kol BWAT 1,15 Ciglitio By b g ygim - low I g aslw V€ 9 £+ N\ (Amaranthus retroflexus L.)
(LSD=5%) wicumd
Figure 4. Effect of herbicide treatments on light absorption flux (for PSII antenna chlorophylls) per reaction center

(ABS/RC) of redroot pigweed (Amaranthus retroflexus L.), 16, 40 and 64 hours after treatment. Bars by different letters are
significantly different (P < 0.05) according to the least significant difference (LSD) test.
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Figure 5. Effect of herbicide treatments on dissipation energy flux per PSII reaction center (DI0o/RC) of redroot pigweed

(Amaranthus retroflexus L.), 16, 40 and 64 hours after treatment. Bars by different letters are significantly different (P <
0.05) according to the least significant difference (LSD) test.
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Table 2. Mean comparison for some chlorophyll a fluorescence parameters of redroot pigweed (Amaranthus retroflexus L.),
16 hours after treatment.

Treatment chlorophyll a fluorescence parameters

Tfm  AV/At Sm Area ko ETJ/RC
Control 300® 13769 22.18@ 21289° 0.137@ 0.30842
Bromoxynil+MCPA 32.8° 2029° 044 713" 0.0078° 0.079°
(Bromoxynil+MCPA)+ Salicylic acid 825"

38.5° 1.681° 0.627° 0.0112° 0.1297°
(Bromoxynil+MCPA)+ Cytogaite 31.3% 1.996° 0.449° 75° 0.0075° 0.0823°
(Bromoxynil+MCPA)+ Sulfat ammonium  21°  2.436% 0.296° 65° 0.0042° 0.0529°
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Tfm: time needed to reach Fm; (AV/At0: rate of accumulation of closed reaction centers; Sm: normalized area; Area: area above the
OJIP curve between FO and Fm; og,: quantum vyields of photoinduced electron transport in PSII reaction center from QA to

plastoquinone; ETO/RC; maximum electron transport flux (further than Qa’) per PSII reaction center. Means within each column
followed by same letter are not significantly different (LSD= %?5)
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Table 3- Analyses of variance for some chlorophyll a fluorescence parameters of redroot pigweed (Amaranthus retroflexus
L.), 16 hours after treatment.

Source of Variation  Df Tfm AV/Ato Sm Area deo ET/RC
Block 2 169.1 ™ 0.021"™  1.73"™ 3775090 " 0.00022"™  0.00007 "
treatment 4 43563.3** 0477** 279.1** 270371925** 0.01002**  0.045**
Error 8 85.7 0.023 2.1 3716866 0.00029 0.0027

Coluo Area ¢ gove oYU odd oy pdaw :SM fods ditwy (iiSlg SThe xez5 ylise :AV/AL 55 T0s 5 JBlas il ysld oy Jloj alold :TfmM
{9595 gdly 4 1 ingid (23Sl 550 50 3 Que 3l (698 I (9 S0 Jas pagilyS 3 Skoe 190 185 Tao 5 JBbis uiloygls o (soxia
35,15 g )b e (gylel MBS yiio By G JBlis b yginn g3 b 1 SSle 45381y 350 5o 50 (Qam 5w ) 59l Jsl )by ETo/RC

b oo (o)l iz M pas g o3 ) 50 paw 3 (o) xe Sly i ans o ** * (LSD=70)
Tfm: time needed to reach Fm; (AV/At0: rate of accumulation of closed reaction centers; Sm: normalized area; Area: area above the
OJIP curve between FO and Fm; @g,: quantum yields of photoinduced electron transport in PSII reaction center from Qa to

plastoquinone; ETO/RC; maximum electron transport flux (further than Qa’) per PSII reaction center. * Significant at p<0.05, **
Significant at p<0.01 and ns not Significant
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