Iranian Journal of Field Crops Research

Vol. 16, No. 4, Winter. 2019, p. 743-759 EAgiAdn

45,5 Lyl s > (Bassia scoparia) i oS (g s g3 o Kimws gy L5 ,5\3

° , ¢ AN . Yo =L, .
d:ﬁ#tj‘)w_‘J‘W‘—;l&_°§|)u)“"ﬁ4+“—"élsm_ ‘;’quw
YWAO/NY/ b isl s 'cub“

Olpl =155 Gl gy 4 pis
VEF-VOR .o AV lins) o F o,led V5 alo

daS

Sl 5l (S g 20,5 e (Lol 53 J9SUge 5 hordn ((Seigrid Sl B ) (ramy Sl Sl s 395 (1T

Oglita (595 423 9 olS i) 5 65 & i 5L £55 g lime 25 B 198 L5 Sl o Wl e o el 0dizey 5 O3l (St
5V /D DIV) (655 s s b oad 35 )b 93 (Slo S g0ty ilojl s oS (citunsd sla Sy » 69 Sl gy sglaieds
Olyedn (6 ySojlasl ploj cam g (28 Jole plgieds (Slajem 9 3,293 i) LidsS 0395 aw g ol ole lgis s (e p (oo VY
Siwog olie oles 515 b 0w lolag plos )3 48 ol i s b 2 S5 as b (Bl JolS Sl o B 1 (28 (25 Jule
@S 9 1 g (ogleS" 5, Slas wasjoy pj SELT )8 3uSTiod (ian 9 (201 Jido)lS (o ko 5 (slaije) Culi o3y 5 s
ol s gy A5 Jlasl loj Jgbo 3 1y siissid (lS e 5 oy B 3320 5 i slbedg 8l (I Gl e
e 595 iz y5L5 Sl cal bk (g, Colam g 35 g e csituogs Jlo tae SialS el ggee 13 25 (6ypb G (I
9 $g i 598 A5 Jlaeh Gy 4t (ot )3 Bl I oo (oagilsS 3Shos g JiBg)lS" (o e (g5iinngd (slaaliST,
4o S LudgS ol (g tungid Slols p loj 1145 3l (Lt gl cpl 292yl Loy odgs g (6590 (slalas )3 0 (5 S 0jlul 3,5 9 s
Sl el 3 e 9 e Gl alasly 42 oS o255 GRIBI 5 loj IS b oy oo 5 & 29 i 005 Jlas] (5398 (slayles
BT ()8 dpmSTied a8l (e glajgy ol (il g o Cuagizmo d2g b byl (o (g5t (RIS L LS oS 45 0l oo Sl
5y ogde e o 2l 1 g cagilsS 5,Slae 5 Ol e S Mo cjiingid L 350 ()8 S0 (el 5 ) 2
9 o g b Sl @ 595 3985 )3 (5 e (A Nl oo Jidg)lS el (5o (S s 0395 STyt Jlible S @ 4 ) 0

ol ol a9 5 o glle (4S5 (A5 el e ol i
Lol ehj glals ojugan lals ai) cales ) 5 0ad bl
SLai) ol 1 aod Vel Gl ()98 LS (o0 9yh9) JSde
2 e padns Glae pobie 3 5 03l )8 395 3l covi ) ol
e Jolae dlon 5l (oo (IS Cpumed Cuwl S b
oy 00l G g Cosl bl @i 9 ol 659k 048 s
(Bray et al. 2000) sa> o SialS' 1y ely; olS > Slas
(S99 b alBuin slani] s gy olS wdy aShlyen gl
SIS DSy S g 2gd o Sy (J9Sge 5 (olendan
45 (olondgd sl wiSly imd oo £ )l Bl 93 g
331 3] 5 i NADPH 3 ATP &y less 55,0 of o
d)j LSl OT 2 as ¢ 2 bhouiign dLmui‘J_fb 9 D95 oo

sl sl ayy ol > g5sss ey il

o515 3,Slos 3y g s 16l gWo3lg

.

CV.RU
uL_,.os..ab- dl)b Sidd ey 9 Sis d]oLm d\.lbp”a.;py

55Lj s YL slod (05 (o Y55 plai (9354 e
..\>)1u;.wf_9).«4a o]/w.mc\;lwl)m u,l J»w)l)u.o U")Lc_s"‘“‘"wﬁb)

Mpda (w935 oSty ¢ BLS pole oaSiiaghy jbdliul g (cale wla guae -

(LS pole 0uSinghy 5 (65yslitS 0aSiily skl 5 (ode lin gie =¥

Ao (w3 olSuiily

Mede o9y oSl ¢ 6ygliS 0aSiisly w6y aisgel iils —Y

29 ply o bkl 5 ale Cla gae ¥

o e bisel gate okl 5 el la e -0

(Email: jafarnabati@ferdowsi.um.ac.ir = :Jstus otiws g5 —%)
DOI: 10.22067/gsc.v16i4.62845



WAV ylio ) F 0 ylod I8 s (ol (8155 Sleindgly 49 pis VYY

— e bl yd 3 cudglls 43eS -yl (Al Ahmadi and Kafi, 2008
935y (Sl o] oblys g ealy s odle il ( oLB
BoonS i (sl 3 olS pl il & Ygase o (A5 frs
.(Jami Al Ahmadi and Kafi, 2008) sl o oS j55 4
AD 500 L5 o ialidl g cl i slacSs L 55k LsoS
e e g S oole o5 Vee 3 Vs (ST L
oolio 15y gbls ol 3 olS 13 5 08 e 3l (gp0 ol
ilsl —ilesl y> (Edwing and Dobrowolski, 1992) »,l>
L ool ain V5l g e 1 tonjiomd Yo B SB (93
Salehi et ) 5,5 sloul LigS sladig Ad) p fie 3l gud j9d
(al., 2009

S gl piaw STy b bL3)I > (63b5 e g2yl b
S Olpieds LdsS (g jhngtd wluams p Gloj (b 53 (5)98 Jl )
A plxil ()98 4y Joie olS

395 9 3190

Slagdss olKiw] 3 WA =AY ely; Jlo (b > Lol ol
(59,8 oSkl (65)gliS 0aSlils ooy lalS (ele b (9
otelail B ) g5y (a8 il Wigad as )i )3 Bl agte
aw L (Bolad oS Sobgyb b posd 35 5k 95 oS
AN (oIl culim b g)lol Of (6y9 o dw b |l 185
0=l > &y ol | oadans) po p (uter) (03 YY/N 91 /0
sbrodgs Jold LudsS 0395 duw 5 (Lol (slas S plgica (adlaia
Codn g ooy SLa)S plgisd Jlosam g 029 p iz g (e
8 b 4B a3 (o8 (28OS plgisa S ojlul olej
15 b S hesd Sluogas (Sl gl iz b cuils )
() Jos2)

O Lacaydy s alold 5 , 20 SXY/D o3 &y S ya ool
9 C8)8 g olodld 5 ol jo cubls .ab a8 )3 Jlas > 2o Sl
b plosl 0/YAS.M™T T L (6yLl dinasals oS )l il &
e 4y 0pgl Lt b (5905 (2365 g nrg Jols sl Clides
o 2l w815 5 €855 el (Cugs 9 ) Sl )3 p)S5kS Ve
59s Vo) Loty ol sl 5l g 05 0l @rpopio s> gy ¥+
Jles YYASM™ g V10 OI L oyl sl jlos (aslS ) amy
29 2 pan Ol i g plonl (Stin &ygos o)lo] 05
xS o3Il 58 kg ol liee &5 292 qpesie o ¥ o)l

d9-bisn bl bohamg S 4 olidg) sba STy (6551 davlges
Sl gl LS 6 cwdlys IS (Taiz and Zeiger, 2010)

hordon 9 (olerdgid (Sl STy dlod 93 b & Cul Fiwgid
ool s Salil cpl g gpl b0, o plodl o] jo jiiwgid
P RAS  (oote BB 5 0351 (590 Aol e sl (5 4
Iy piwsd b 5)ea (Saravanavel et al., 2011) s> b yiis
9 o531 g Mol ((lase) Colin ials dawlga
Yiais! sigis (2als w3 o (2alS T gty cllsd s po
b Siwed slaos S cumilos by g badije, yad ding Cdlaie
clble gials 5l Sl cpidn Ollllas uad o &) (slass,
obS 1) 5l Cunilew 9 355 9 3505 Ol 1oy Calin (Jidg)lS
.(Zhang and Deng, 2012) cusl (g g (5 doxsyd

2 ol slaail 5l (4 Sy S, cabin o b
Medici et ) ol oy Saeuslies <l 5 o zo s 5l 65l
Bicas (i3 5 (6y58 L5 3l 5 bdsjey opod dtwy L(al,, 2007
slopln L el )lou jlid g Sy puilef)s (il > 4
Siigd olsan RIS okt Adlhcgn ) 005 45 oo
e L Yyoas 45 (SLiS g (098 aile asme sl s cow
L g (Hdgie ol Sl (6 pSole 4 Jgese pobody Bl o 3la51
Chaves et ) 355 o by ye L g mdle iis o adije, ab
(al., 2009

slaje) sLacudgion 4 pudtns jobody Siwgd ()95
1y (idg3o pdalio g 3iws Colegys & lajls izl sl s o
D5 3 69 Gy Al 23,8 ey amd e )5 48 s
bl sl 390 pudgilio o (g 5itogid 0w 2 (g g (Sioml
ol plu (6)98 (15 4 (b eldd by Clilllas 4 g5
S)9= QA Co8 &S IS g s Ake pde sl (VL clale
3y Sl ass S L 4y 455 o iy o3 Casdlys IS
Jesl da e YL slacdale j> .(Omoto et al., 2010) wis’ -
0dd b (slaa 3 sLie 13 (6595 (gwdhyshud 5 ()9S
o 45 ax g5 L (Mittal et al., 2012) 35,5 o cabgio Cas pdy
a2y B JalS cage (5)98 (AT 4 095 g0 alanMe 003 S5
Podse sl jg) yut g SIUjgy SCudgine Gojbo I sisid
oSy a8 483, glulid SLlS Glgn o Shee ) cnlpl
>l sloasly )3 o] | olgiee 55 515 )b i85 b
Ol 90,8 edlatl b 3blie y3 CulS Cax (siloJal (> 4
8 oolatul 350 dipe (pl 43 Wilgh o &S Cawl aLS LissS dlayl,
25

Sas=5 & Jood Sluogad L bl ) 485 090 Clilas
ol Lis (Bassia scoparia syn. Kochia scoparia) Lusss
Kafi et al., 2010; Jami ) cowl (5y5-5 4 olS pl (YL Jooo



YYD laisgS (g pmmgsd olSiwd 1 (559 u“*’)-'sb

wb)i 33 03! 390 o &log (‘_g)lo‘;'bw YeU )M) SB oboad SOlogas -) Jgua
Table 1- Chemical characteristics of soil (0-30cm) and water sources used in the experiment

Na* Ca™ Mg* K* S0, CO,? HCO4 cr EC
(meq.I™Y) ds.m?

Soil 31.10 10.60 10.20 0.75 31.30 0.00 1.80 26.80 5.80

Water source No. 1 32.50 6.60 9.20 0.23 15.00 0.40 2.40 34.40 5.20
Water source No. 2 67.10 16.40 22.20 0.38 25.00 0.00 3.00 75.60 10.50
Water source No. 3 179.80 27.00 46.80 0.31 56.10 0.00 3.20 172.40 23.10
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Table 2- Analysis of variance (P value) of photosynthesis, evapotranspiration, sub-stomatal CO, concentration, stomatal
conductance, relative chlorophyll content and water use efficiency in different levels of salinity and three Kochia masses

. >, . . oS dmS1ed Colaa o (Slgime =Y
xS &0 ; Frwghd Gy% g puod . . . i
L] w9y 52 S3U! &'459, Judg IS ol S pan
Sub-stomatal Relative
. Evapotrans Stomatal Water use
SYOAY) df Photosynthesis piration Co, conductance chlorophyll efficiency
concentration content
Replication |, 2 0.005 0.319 0.234 0.017 0.019 0.001
Salinity 5,98 2 0.002™ 0.001™ 0.009" 0.001** 0.372" 0.777"™
Error a s 4
Mass o3y 2 0.312™ 0.206"™ 0.892™ 0.192™ 0.421"™ 0.939™
MassxSalinity esgx ¢ ,ss 4 0.036" 0.032" 0.033" 0.044 0.055™ 0.925™
> b
Time b; 6 0.001™ 0.001™ 0.001" 0.001™ 0.001™ 0.001™
TimexSalinity lojx c,ss 12 0.037 0.013" 0.045" 0.043" 0.001** 0.045"
TimexMass )l jxosss 12 0.037" 0.028" 0.018" 0.967™ 0.039" 0.026"
R 24 0.037 0.034 0.037 0.919™ 0.026 1.000™
TimexMassxSalinity
Error s 120

oy iy Jlainl pdaws )0 510 dze pf g Moy S g gy Jlein] e 3 3 gime cad A NS g s
* and ** significant at levels of 5% and 1% and ns: not significant at level of 5%
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Table 3- Means of photosynthesis, evapotranspiration, sub-stomatal CO, concentration, stomatal conductance, relative
chlorophyll content and water use efficiency in different levels of salinity and three Kochia masses

|
s - .. U")s KWW Colaa LS}“-"T‘ J)m u.ﬂ)ls
Bt o G 9y .. . B .. T ;
w95 52 S3U! &40, . <!
Jido 5
Photosynthes  Evapotranspi Sub-stomatal Stomatal Relative Water use
; . Co, chlorophyll .
is ration . conductance efficiency
concentration content
. -1 21 2.1 21 (umol CO,
&9 (Salinity) dSm (umol.m™@s™)  (mmol.m™s™) (ppm) (mol.m™s™) mmol H,0)
5.2 12.24? 4.06° 309% 0.538% 29.57° 3,93
105 10.78% 3.32° 297° 0.414° 28.44° 4,07
23.1 9.07° 2.87° 3122 0.334° 29.41° 3.93°
o3¢ (Mass)
R Birjand 11.48° 3.70° 305° 0.472% 28.87° 3.94°
Sy Borujerd 10.32 3.34° 305° 0.413° 29.43? 3.97°
Sl s Sabzevar 10.28° 3.21° 307° 0.402? 29.12° 4.02°
&9 X395 (SalinityxMass)
ol 12.16% 3.85%® 3107 0.569° 28.88° 3.97°
Birjand
5.2dSm’* Sakes 12.77° 4.38° 309 0.563? 30.06° 3.87°
Borujerd
g 11.78% 3.97® 308° 0.483® 29.79 3.95%
Sabzevar
ol 11.20% 3.83% 290° 0.437%® 27.23° 3.918
Birjand
10.5dSm™ Sakes 10.59% 3.17%® 292° 0.392%® 29.14° 4.22°
Borujerd
Jlosem 10.55%® 2.95% 308° 0.413%® 28.95° 4.08%
Sabzevar
ol 11.08% 3.43% 3147 0.409%® 30.522 3.95%
Birjand
23.1dSm™ ekt 7.60° 2.45° 315° 0.284° 29.08? 3.82°
Borujerd
Jlosee 8.52% 2.72° 306° 0.310° 28.64° 4.03
Sabzevar

35,15 LSD 0]l olsl 2 5036 b ()l stme BB +/+0 pans 3 Sliso | S5 o (sl gies y2 3 g Jale )3 wlite g (sl (sl nSikee
Means with the same letters in each factor and column for each treat are not significantly different at 5% probability level based on

LSD test.
el ghals (gyed i ol )il L sl ol i Salehi et al., ) cwl (gys i 4y Joodio alS LissS
A4S Go0dny dgy I sine OS] (6)95 25 il pobaw (yr s N /0dSM™? gy oo L5 as dlas M oS pobo lon 5 (2009
5 V10 slajlas 4 o OIVASM™ jlos )3 Cibo ) (SSlio hw > i 9390 owls 4jgy pj SBUT p SunST e clale
o Y Jods) 390y o> £Y o Yr s e YY/NDSM™? 5 50, 5 BB, S anSled Lialdl lise 55 VYN dSM™
S e WS (dlasy) culun 1 Laijl adllas 550 (gloodgs 4 bdsS ol Vb Joou 1 (36 Wl o0 o5 < Sl 0o )3 WY
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Table 4- Means of photosynthesis, evapotranspiration, sub-stomatal CO, concentration, stomatal conductance, relative
chlorophyll content and water use efficiency in different levels of salinity and three Kochia masses during salinity stress

period.
3 VT ° ST g 5 gla
:::.,Jw‘ prP By% g i ::i f) 5.?0! Slajey colan WL?;M Gl dpas )8
Weeks
stzfrtt?;g Photosynthesis Evapotranspiration SUbSé(())Tatal Stomatal cthgll'?)tp:\l/willl Wa_te_r use
salinity concentration conductance content efficiency
stress
0395 (Mass) (umol.ms) (mmol.m?s?) (ppm) (mol.m?s™) nglrﬂzfll—ifgi)

5 17.8° 6.67% 28531 0.581° 37.28 2.67
6 14.8%°¢ 7.447 2641 0.576° 34.1%4 1.99"

- 7 14.7%¢ 4.26%¢ 282" 0.510° 31.9°f 3.45%"
T 8 10.7%¢ 1.90% 319°%¢ 0.480° 29.3%9 5.63%¢
Birjand 9 g.7"d 1.55% 324%® 0.455? 25.6%7 5.61%¢
10 7.30%¢ 2.65%" 335° 0.465° 23.5™ 2.75M

11 6.40% 1.44% 326% 0.237° 20.5! 4.44%"

5 13.2%1 4.99%¢ 29231 0.465° 37.9% 2.659T
6 14.7%¢ 7.58° 269% 0.606° 34.7%¢ 1.94"

, 7 11.7%¢ 3.84°" 290%¢ 0.394? 32.40¢ 3.054"
9 8 10.5%¢ 1.79% 319°%¢ 0.399° 29.4%9 5.87%P
Borujerd 9 7.80%¢ 1.31¢ 313%¢ 0.379° 27.8% 5.95%¢
10 7.90%¢ 2.50%" 330% 0.409° 2291 3.16%"

11 6.40% 1.34° 325% 0.237° 20.8! 4.78*°
5 15.7% 5.77% 286%¢ 0.556° 37.1® 2.72™
6 13.6%¢ 6.40% 296%¢ 0.500° 35.4% 2.13"

s 7 12.5%¢ 4.15%¢ 2844 0.439° 32.9%¢ 3.01%"
29 8 10.2%¢ 1.58% 314%¢ 0.348° 28.5%" 6.46°
Sabzevar 9 7.80%¢ 1.49% 328%® 0.465° 27.6" 5.23%d
10 7.20%¢ 1.86%" 318°°¢ 0.308° 23.31 3.87""

11 4.90° 1.22f 326% 0.197° 19.4) 4,02%9

&9 (Salinity)

5 17.28 6.49% 287%¢ 0.606%°¢ 36.3%¢ 2.65"
6 1752 9.28° 288%¢ 0.702? 33.9%¢ 1.89¢

7 14.7%¢ 462" 289%¢ 0.556%°¢ 32.2¢" 3.18%9

5.2dSm* 8 10.0%¢ 1.85™" 314%°¢ 0.429%¢ 29.6%9 5.41%
9 10.0%¢ 1.85™" 331%® 0.641% 271" 5.41%

10 10.2%¢ 2.82¢h 325%¢ 0.566%¢ 25.09" 3.62%¢

11 6.30>¢ 1.559" 331% 0.268 23.0M 4,067

5 17.1° 6.08™ 281" 0.576%¢ 36.8% 2.81%9
6 15.1% 6.52% 239¢ 0.601%°¢ 34.9%4 2.329

7 12.6%¢ 43179 292%°¢ 0.470%¢ 32.9%¢ 2.92%9
10.5 dSm™ 8 10.7%¢ 1.64%" 315%°¢ 0.364%°¢ 29.6%9 6.52°
9 7.50"¢ 1.29" 307%° 0.333%¢ 25.39" 5.81%¢

10 6.40"° 2.10°" 322%¢ 0.354*¢ 2147 3.05°°9

11 6.00% 1.28" 320%¢ 0.202° 18.2) 4.69%¢
5 12.3%1 4.87°° 295%°¢ 0.419%¢ 39.1° 2.53"
6 10.5%¢ 5.62>¢ 303%¢ 0.379%¢ 35.2% 1.87¢

7 11.7%¢ 3.32¢h 275%¢ 0.318%¢ 32.2¢¢ 3.52¢9
23.1dSm* 8 10.8*¢ 1.79" 322%°¢ 0.424%¢ 28.1%" 6.03%
9 6.80%¢ 1.21" 326°°¢ 0.323%¢ 28.5%9 5.62%¢

10 6.00% 2.09°" 336° 0.263™ 23.3" 2.87°¢

11 5.40¢ 117" 326a° 0.202° 18.9) 4.62%°¢

L)l LSD (905 ol 10350 b (gyld ime IS +/+0 xans 5> il 1 S5 s (gl ygien 52 53 g Jole o 55 aliie g > el (cla pSSlio
Means with the same letters in each factor and column for each treat are not significantly different in 5% probability level based on
LSD test.
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Table 5- Analysis of variance (P value) of chlorophyll fluorescence indices in different levels of salinity and three Kochia

PRT @ . . ; " . ; .. . : framnsant 58 0953195 3 Slos
i galio ey QoS (il gl Sl il y9l8 e il ol . ‘;:’I’H d
J
SOV df Minimum Maximum Variable Quantum yield of
T fluorescence fluorescence fluorescence photosystem 11
Replication ,|,$s 2 0.914 0.696 0.665 0.654
Salinity  (¢)s5 2 0.415™ 0.376™ 0.311"™ 0.150™
Error a ks 4
Mass oy 2 0.066™ 0.271™ 0.450"™ 0.509™
8dgiX W
4 d)?w. 4 0.758™ 0.755™ 0.603"™ 0.532™
MassxSalinity
Time b; 6 0.001™ 0.001™ 0.001™ 0.001™
‘La'X & . . .
(OETE 12 0.841™ 0.047 0.043 0.045
TimexSalinity
TimexMass .l jxosss 12 0.821"™ 0.049" 0.034" 0.039"
Lo X033
| ORTEITENT 24 0.125™ 0.260™ 0.135™ 0.127™
TimexMassxSalinity
Error s 120

oy gy Jlanl pdaws )0 50 ze g Mo )d S g gy Jlein] e 3 I3 gime cad Ay NS g s
* and ** significant at levels of 5% and 1% and ns: not significant at levels of 5%
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Table 6- Means of chlorophyll fluorescence indices in different levels of salinity and three Kochia masses

. . . . . . .. . R (o) g 231gS 3 ySos
WooS' yuilw y5ld Wbt (udlw 55l o (il y ol # "TI’“ 4
Minimum Maximum Variable Quantum yield of
fluorescence fluorescence fluorescence photosystem |1
)95 (Salinity) dSm™
5.2 1792 3178 1382 0.410°
10.5 170? 3042 134° 0.408%
23.1 1752 2962 1212 0.374%
o3¢ (Mass)
i Birjand 1722 310% 138° 0.409?
Sygp Borujerd 1842 3152 132¢ 0.385°
g 3 Sabzevar 1692 2928 1232 0.398?
&9 xo3g5 (SalinityxMass)
»’w 1732 3122 1382 0.414%
Birjand
5.2dSm’? 2R 191° 322 131° 0.377°
Borujerd
g 1722 318% 1462 0.4322
Sabzevar
e 163 308° 145° 0.434%
Birjand
10.5dSm™* 2R 179° 315° 136° 0.392°
Borujerd
o 1682 290% 1222 0.404%
Sabzevar
»’“ 1792 3112 1312 0.379%
Birjand
23.1dSm’* 2R 180° 309° 129° 0.385°
Borujerd
g 1662 269? 1032 0.357%
Sabzevar

L)l LSD (905 ol 3 10380 b (gyld ime IS +/+0) rans 5> il 1 S5 5o (sl ygie 52 13 g Jole o 5 aliie g > (ol (clapSSleo

Means with the same letters in each factor and column for each treat are not significantly different in 5% probability level based on
LSD test.
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Table 7- Means of chlorophyll fluorescence indices in different levels of salinity and three Kochia masses during salinity
stress period

Los! 31 gy B 5168
J ;‘f oS il jold Al il jgld  pukio (il jold G:I’U 95 )%:
wgeks aft'er. Minimum Maximum Variable Quantum yield of
starting salinity fl
stress uorescence fluorescence fluorescence photosystem I1
03¢5 (Mass)
5 206° 273%¢ 67¢ 0.240%
6 1572 266" 1097 0.383%¢
7 1687 339a° 1727 0.469%®
Ay 8 1872 354%¢ 167%¢ 0.449®
Birjand 9 150 247° 98% 0.352%¢
10 146° 274%¢ 1287 0.444%¢
11 1917 4172 226° 0.532?
5 1997 264 65¢ 0.239¢
6 168° 271%¢ 103 0.342%¢
, 7 185° 331%¢ 146%¢ 0.424%¢
ke 8 2012 372%¢ 171%¢ 0.449%¢
Borujerd 9 165° 255¢ 00« 0,322
10 178° 308°°¢ 1307 0.396%¢
11 188° 407% 219%® 0.522%
5 189° 246° 57¢ 0.2341
6 160° 260b° 100« 0.364%¢
L 7 159° 305°¢ 14671 0.458%®
rome 8 175° 320%°¢ 144%¢ 0.439%¢
Sabzevar 9 153° 250c g7°d 0.371%¢
10 1772 297a-c 121%¢ 0.393%¢
11 1707 367a-c 1972°¢ 0.528%
94 (Salinity)
5 2067 28971 83%® 0.290%
6 1617 28471 123%¢ 0.398%°¢
7 173? 3557 182%°¢ 0.479%¢
5.2 8 178 344%¢ 166%¢ 0.477%¢
dsm? 9 165° 250% 85¢¢ 0.322"¢
10 179° 2972 117%¢ 0.386%°
11 190° 401% 211% 0.504%
5 192° 2407 48° 0.203°
6 163° 2627 99> 0.344%¢
7 175° 320%¢ 145%¢ 0.445%¢
dlso"rfl 8 1772 344%¢ 167%¢ 0.458%¢
m 9 153° 276%4 123%¢ 0.427%¢
10 1587 3042 146%¢ 0.455%¢
11 173° 384a-c 211%® 0.540°
5 196° 254" 58% 0.220%
6 1617 251¢ 90%® 0.346%¢
931 7 1642 300%¢ 136%¢ 0.427%¢
dor 8 208° 3572 150%¢ 0.402%°¢
9 149 226¢ 77%¢ 0.2095"¢
10 1647 2807 115%¢ 0.388%¢
11 186° 407° 221° 0.538°

.AS)IAS LSD 054)’-‘ uuL»I » )i)JS\) L d)bu'u.o )L RYRYA él“"' 2 Slawo )'l S b Lgl)g OFw B 30 g J,olr— PN Glie g_ég)> ‘_;U) du‘)jat.o
Means with the same letters in each factor and column for each treat are not significantly different in 5% probability level based on
LSD test.
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Table 8- Means of chlorophyll a, chlorophyll b, chlorophyll a / chlorophyll b, carotenoids, total pigments, green area and
biomass in different levels of salinity and three Kochia masses

a Judg 5 b g5 agdgsy,l b Jidg 5 /@ Judg s JS A, s
Chlorophyll Chlorophyll - Chlorophyll &/ Total Green
a b Carotenoids Chlorophyll b pigment area
)94 (Salinity) dSm™ (mg.gdw?) (mg.gdw?)  (mg.gdw™) (mg.gdw™)  (m’.plant™)
5.2 1.742 1.25% 1.61% 1.40° 4592 9.932
10.5 1.56° 1.10° 1.45° 1.42% 4.112 8.64%
23.1 1.68° 1.19° 1.53% 1.42% 4.402 7.38°
o3 (Mass)
Ly Birjand 1.48° 0.95% 1.39% 1.57¢ 3.822 9.172
Sy Borujerd 1.82% 1.45% 1.718 1.25% 4.98% 8.392
g Sabzevar 1.68% 1.13% 1.49% 1.48° 4.30° 8.39°
&9 X395 (SalinityxMass)
G 1.27° 0.59° 1.20° 2.13? 3.07° 9.92°
Birjand
5.2dSm’* 2R 1.99° 1.712 1.81° 1.17° 5.51° 10.28°
Borujerd
g 1.96% 1.44% 1.80% 1.36% 5.20% 9.60%
Sabzevar
G 1.50° 0.79° 1.32° 1.89° 3.61% 8.80°
Birjand
105dsm?  7o» 1.59° 1.33° 1.62° 1.19° 4.54° 8.55°
Borujerd
o 1.58% 1.16% 1.43% 1.36° 4.17% 8.56%
Sabzevar
»’w 1.68% 1.45% 1.64% 1.15% 4772 8.79%
Birjand
23.1dSm* 2R 1.87° 1.31° 1.71° 1.43° 4.89% 6.34°
Borujerd
I .
I3 1.49% 0.80% 1.23% 1.87% 3.522 7.00?
Sabzevar

L)l LSD (905l bl 3 1030 b (gyld ime MBS +/+0) rans 5> il 1 S5 5o (gl ygie 52 j3 g Jole oy alie g > gyl (cla pSSlie
Means with the same letters in each factor and column for each treat are not significantly different in 5% probability level based on
LSD test.
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Introduction

Low precipitation, high temperature and high evaporation along with excessive consumption of water sources
have led to reduced quantity and quality of water sources (e.g. water salinization) in arid and semi-arid regions
which ultimately affect crop growth. Environmental stresses such as salinity, cause alterations in a wide range of
physiological, biochemical, and molecular processes in plants. So, identification of plants which are less affected
by salinity could be of great importance in breeding programs. Kochia (Bassia scoparia) is such a crop which its
high tolerance to salinity has been reported in previous studies. Since photosynthesis is the most fundamental
and intricate physiological process in all green plants determining plant yield under salinity stress, the aim of this
study was evaluation of the effects of salinity on photosynthetic characteristics of kochia.

Materials and Methods

In order to study photosynthetic characteristics of kochia under salinity conditions, an experiment was
conducted as split-plot based on randomized complete block design with three replications. Three masses of
kochia including Birjand, Borujerd and Sabzevar were considered in main plots and three levels of salinity (5.2,
10.5 and 23.1 dS.m™) as sub-plots. Photosynthesis, evapotranspiration, stomatal conductance, Sub-stomatal CO,
concentration and quantum yield of PSII were measured in the youngest fully expanded leaf for seven weeks
started from thirty days after imposing stress. Chlorophyll a, b and carotenoids and green area were measured at
anthesis. Data were analyzed using Minitab 16 and means were compared by LSD test at a significance level of
0.05.

Results and Discussion

Results indicated that photosynthesis and evapotranspiration was decreased over the time after salinity
imposed. Photosynthesis and evapotranspiration in different masses and salinity levels was almost the same in
the 8" week after imposing salinity stress. At the end of the growth season, photosynthesis and
evapotranspiration indicated too much decrease in all salinity levels and reached to a same level. In the 4" week
after salinity was imposed, the highest photosynthesis was observed in Birjand, Sabzevar and Borujerd,
respectively. Reduction intensity of evapotranspiration in time was more in Birjand compared to Borujerd and
Sabzevar masses. CO, sub-stomatal CO, showed a pronounced increase in all masses and a salinity levels in the
8" weeks after salinity imposed. Results of chlorophyll fluorescence indices in the salinity imposing period
indicated an improvement of these indices and finally the increase in quantum yield of photosystem Il. Stomatal
conductance showed a decreasing trend during time and reached to the lowest level in the 11™ week after
imposing stress. The lowest mean of this parameter was belong to Sabzevar mass. Stomatal conductance did not
vary much till ten™ week after imposing salinity while it got a steep slope decreasing trend in the other two
salinity levels in week seven. Decreasing trend of stomatal conductance was stronger in treatments of 10.5 and
23.1 dS.m™ compared to 5.2dS.m™. Leaf content of chlorophyll a, b, carotenoids and total pigments at anthesis
were not affected by kochia masses and salinity levels. Interaction of salinity and mass indicated a lower green
area in higher salinity levels. The highest and lowest green area was observed in Borujerd mass in salinity levels
of 5.2 and 23.1 dS.m™, respectively.

Conclusions
Results of this experiment indicated that photosynthesis and quantum yield of PSII in kochia did not vary
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much as salinity intensity increased. Also, content of photosynthesis pigments was not affected by salinity stress.
Generally, it could be concluded that photosynthesis system of kochia is capable to maintain its normal processes
although being imposed to sever salinity stress and though could be used as a model crop in plant breeding

programs.

Keywords: Evapotranspiration, Quantum yield of photosystem |1






