Y050 Slmis / VFo) Sler/ Jal e)led / oas s dlu / bS5 S5 Laly,

Sy o olE o Cdlli- (5,08 AT 4 Cwplas il53l 3 LED 4 g r*w»‘w ﬁL’

(Physalis angulata L.) o3 i
Y(u . B3 . \ - ., .
gy Loy deam 5 7 sl o ¢ (AS 55 (5 ot ok
(oo /ol o b 81 oo /N o/ il s )

o AS>

23 el 03,5 3 9don |y (6355US S gramme M5 45 0dd fS amecan) JSie 0 S5 O Das U 5 55 05 4
3 o 3 83Ul 313 DL 5 Khas 5 4y 53 oot oot GH s Lol DL g 5 o 0S5 ol sl 556
gt (i3l alie iy 08 WS 5 e S 55 (5550l Y pams 5 Syl AL o il s LED g
e Sl 5 e S A 1 0 S e VO 50 S dile 1 p gl ST e s (Bl Sl wl b B 5 S
2 g e i des S Yoo SAS LIYe ol 58+ Ve 303 55 5 (N ee) ol 55 (N ee) a5 (aald) GBS ad 5
3 GV e Yo b Ao g Vot Fo tald) s S+ s Ol S0 55 it o hile coni 03 pdy Sy o oS st
5 O b Bl S 53 @A LED 55,5 b Olijed e (5 4055 55 0L gl S 2] 15 51 a8 s Lol o by
Ll b 53 05250 Il ol & 48 OF OB pas oIS przmen 5 S OF (ol (sl sme Gl Sl ddd 5 3 15 Lol 3 oo
0353208 5505 Sl i Bl 5s a5 G Bl d 55 a1y Gl 5 B Ol s 1 03liiel s g et ol
5] lowe Gl Blpe gy 250 Jol g SiSen il i B1dd b pas sl I3 Sl 38 a3+ (al 55 o34 LED
LED 5 Grionad 3 b 3208 (5 A 1 inn ol (Koo a5 5 (555 5 5K polis (ol g oIl 5 ady ) Slikies oyl 5IS
S oS 5ty (5 L 5 ey s 15 0 LED S5 3 s 32,08 ol gl izdls b sl ol plas 31

b Sl (58 S5 4 olS pl Cueplie Il 5 es oty

.el.._f df] L.gb) ‘@Wﬁ u,arl.i ‘rl.)...« .\.5)5 ‘rl.)...« QLQ)SJ gﬁ.&u Q&:.L:u !‘5.’.5.15 ‘5\.&03“3

w2l 3 S 0lgr LLE ST 5 0lal e b s 5 5l dodin
S Sl SV gz Sl (S 00 piidy Sy o (TO) o AUS (Physalis angulata L.) o> ;o iy Sy o oLS
0T o518 bl 5 Gl 53 0T 5L W5 OISl a5, el il s 3l 1y Ly (il (6 s S
Sl 53 0T sl e (e 5 (b s 3 3 5 Sy iy i S Sl S e 5l elS

Oliw ol ((g,5LaS aSiils ( SLEL pske 055 )
;Sbl em‘é g@.ﬁ)’lﬁtmjks))jw 0 ASESNs ngL.OL; L;.»J»@Ajr}l& ojjf—Y

zahedi.b@lu.ac.ir : S5 ;S oy (DS J g *

Yo



oK 5 S5 o e

VFod Lle/ dy a)u/r.h)jfw JLW/AL:?}\S\’. Ly,

s Olaasin a5 5,50 how A8 BLI e 5
SLs s s se Sl b b 51 eeddiw ol 48 5515 6lS
gy A3 YA L S Gl Olgl 3l jomie oy
Olsl 3 SLs 55 b STV s o LSCE5 15 a0
LSt S5 5 00d S5 K0s oo L Y smme Lol o
i gess bl Cygma OLS 5l &S das e O
OS5 (0F) s QLS sl o s JB 8 JSS
sladT 5 5l sk oz |6
(F) les ;87 5158 (6) 5 it o ol SO s 5
5l e OLalS i lises slaas S 5 i a0 Caslie 35y
d50S° s ‘CJS Lile SV sams 23 b (S50 5 5 e3lial
o (VF) ol 0 5,158 S e S s L gl
Ly Sl a3 s S clle (a3l o
S eslinal gl oS LUls oS Jds IS chale il
Al s Aol Lyl 5 S e 5 e dd 05 5 )
@Mx‘j;j\jd)ﬂwjleJLd'.‘I...«:l.(V\)JJSJA}J
O VI p] IPCISUNRCIN [PY o P W PSP P
Slacd sol ez dbpaiy) 5l i ol 51 (S Sl

23

Gl sas g g 0 lad L 5 s 3 Ol b5k Q5L
O 5¥0) ans il 1505,
3l gl 8w b S 5 g g OLS
Slnol 5l ol slag e Jb 45 ot o3l 0L
o e Jlie Olseas s dde OLaLS (gl il
Il Gra gl P70) 5o 3 55 o 5 (el ¥Y2-¥00)
Al s s Jlsd LB 5 Kb e b S A S
3 S slvair e dsb 53 n e
L eSS 550 (Y0) e e e 1) OLLS G35 58
A5 03 s s eS8 slaceY Sl esle
Al opdlae Laul s sl gies 5 sllbdS SN ams
oS ity Slas s 055 8l 35 0 o 5 DY pame 61
Laol (55 Lo tassn & den (5558 s (LEDY) 5

1. Light Emitting Diode

s S 1,5 OS5 Sl (Gl x5 2550 055000 Sler
(o) el

Sl 53 (et Ol s &4 s 5 kS LA L
Js S Sy SO cal 5 65 Oler LS
SRl ($5,5liS SN ez 5 (ol M5 15 sl el
L 5L s Oler e Sl 3ls ol (YY) das e
Ly O Sl eslial 0Ll e Sl 3l ol SIS 08
35 el 03 S 3 sdome |5 QLS CiS (gl gllas kS
e Gla el o Sege Sl S 5 Ol o SUS
5 Si GhLis 5o (g3usLaS OV puazee W 5 0 iSs s
ol sl Jal 3 ) s Ol e 31 Lis St aas
sy falS Cel 500 0SS gle JALS slag S 5l
Sl S 5 (COFT) DLy S .(F8) 555 e 0lalS 5 Shee
S s Ol O el Lol Lelse 51 (HCO3 )
slactivs ( N lasl SLisel (Ol S ss0n S
Sl S s dledd astlis b Julse Olse 4 Lol
ol il s O sl eeb as el ol 0
Ve do ¥ 51 i glacble s el ey e 0T (30
Tl pH o oo s S 0i ) (b 5 Esls Ll 5
s sobe S el 5 b 5l 0s gy SUEL(F0) 550
s e obe eal b 2als 108 e b olS s, 5
ol Sl S s ol S ke Lo ea pH 15
s oty ol S S LB B 2L sLpH a5l
ol 3lse 8155 Jlmopl b aS (6,8 g b OlalS Al
o ST sl 355 0 oS 45, 1Al s S 3 pH
o5 (F0) Sl g5l 50 nl (ol Jole s S 0L 5 ke
ssban e e IS ) S 5355LeS lagwes ST s 55
S 5 5 (SIS 5 o gn QLS 3 (6558 A5 JS
S 3 Sl 3 Sl oS50 Gops G e S
¢u a4 Bl gl ml sl Comse 25 93l o dleds L
(F9) Xy o slhenS| i

Sols bﬁl@&\jélﬁﬁ&&aulj@wgiﬁ

¥5



e S )b 5 4 Caglie Gl 3 LED 5 5 ek ST

o Ll 3 s Ll i1 S QLS i s ki
5 i Lo S5 53 i (sl ol )15 S
e 3,8 SLED 5 s L OlalS Gy 5 551
o o Ay oL el Wl e Vot g
Lol bl 4 olasl 3laias Silsl 1 culls
e H 350 53 Sledkd e Gl 0556 b 2a
03 iy Sewy,e olS HLED 5 L Of Oleses oslizal
35 b DU oy Ga L 5l a5 5l s
5 S5 s S gl Slio o5y~ LED 50
~Sost 55l 53 olS el Sl el IS 0 5T e

25 S el il

L sy 9ol
o b Joo Sl oo 2 Glac 1S sy e 0l
D dals e w3 Cilli- (608 5 el S
IS Ny e Yo b it Sl S oy e s Vo (e
QoS Ve e Ao+t Sl S o Ve e Yoy e
Va)(,uu),u;hw.éyb.ﬁw Sl 580 ks
b o5 e Dlexr 55 op ik sSU s 1 e S e
e85 s (Nee) ol 55 Vo) 505 55 (dald) slslS
53 ST skt LIS b LB s e T Ve
s s oSl (63,58 saSLiils S g5 den SIS
orSle 258 Sl VWAA-AR o5 Il 3 Ol ()
(MY 5VA &/Y)pH 5 (V¥ 50/) /%) EC (dS/m) ,slis
Nyl AotTe 5 Forto o oy tmn Lé Jylowe o
o3liiul 35 e ()55 e S e LIS e DL S
b e 2 058 dges S Yoo DAL LLED Ly
e Sl LS e 53 00 iy S o sl
sedd CAS VY Ces (e Je YUY) O+ Cn S S
S Lok 5 1) ¥ GOS0 (S e e 5l ey
S et Jsloes s sl 5l ) sm O s i il

\Yj\jf}fUTEC)W@LUTM@KZw)&

v

O35 Apdor slgning (ALS SIS 55 5 Csl 0l S e
b et bl slos (5 o (05 S 51 50D oS i
05558 o wsbwNecoee Sl iy s ee b (S
JmB Sl Gla e Job aals 5 ol oz e b ot
AJ5 sl | LaLED aS s sla Sis Sea skl
5 o5l glace¥ Wile) iy s mlbe 4 Cod J e
Y o () 33 o 5 lin SIS s (e 5L 4 L
) s GLaalSis 5 me slags 1o aey 53 o5
&= LaLED B 3 del)lS Sl 5 ML L3 b (51
e ol e S 03,51 Olie ] 4 SIS 5 s
3l eslizal |5 ol LLLED 3l eslizel rtiu 53 Jele e
S 3 s &S GLS L anslie 55 503 585 ol s s e
o5t M5 5 0lS 03 Py LI Lilas S 15 e o ge I b |
La a5 5,8 L ol e L 15 1S (V) e oo il 31
Sgme ol 53 kS 6558 5 it e g5 Jool (a5 S
S35 = Bdias 5 il Sl 5l 30 alS e
S5 o S LS @ls 53l e gyt g Al b
Ay S (§ e e yd Ale3 ;S US55 5 ol )
el ls Llasl s, sl @ e 3 s o oS Sl
S 3 s a8 oS SR 3 Shee O
(Sl il pladul 3 owls 53 als gl OlaLS anw s
3 gy Sy e 3 5 g i3 sy 04D L Bl 0dd b
S Slite jba S 5 0Ad Sop g ady,y A, (allS
a5 Lrass el (A) L5813 8 cile slacidb 3G
ol OLSal 528 53 Ol e 35008 5 Comer 1158 &
N 3 s 5 o 5 OLALS i (gl o llan oiS L O )
53 LlSely 5 e 1 (S ollaal kS L gl ol 58
Dt 3 S 53 pemamed Ll (5 5LES i
Ol O3y 5 el oS 503 5 Ay 6l s (sl 55U
Ao e S S A5 UL (i s lapts
3 @S 25 00 Kl e 5 Slag s Ik 00 i il
Aie 0T ay a5 Ly b Sl sl 1S 30 LS s Slee



oK 5 S5 o e

VFod Lle/ dy a)u/r.h)jfw JLW/AL:?}\S\’. Ly,

Ad S e 0V e b 5o ()8 e Olge 5 A
OLLSan 5 (sl S s, b Jgloms A3 (5 S o311 (Vo)
oslaas 5 s o) Egs cpl 03 L(YA) A el (V400)
SPPE RN WY TN W PR P PN
JEAPEWR R AJB’\_GQQJJ:JT(ﬁJ?A\O°)°MHSUU
O o Uljn s i b sline (Ao )3 VY S i) e A
e 5 ol e U PYO e Jsb 03 e g Sl
oIS s (6 Se3Ianl 0 abe J s (slatis
oo (Yooo) SoBLd 5 Ol iy bl Sl
2 sedd 03503l ) 5 S e S /) e p 2SS
Do Gb sl ke el 8 Ol s A sl S Osla
OF) Ao S o3Il a6 000 g0 Jsb 5o (520 5 525l
/0 lunl (S o 2K 5 Sy 2l ole g Seslul gl
33 e 3 93,5 033 1y ek Ol S lsa ell 51 e S
o 9 sl b Do 4 s 453 Y00 (Gl Loy S
Lol el ¥ e 4 sk 453 000 (gles s
Al 2 oo O e L S LS Lk pad U
by Gl oo 5 el dsed e Jb Y SIS
ol el e s ekl A e 00 e a e
e GBC AVANTA Jus) adl codr olKis L olie
o2 ld g S eslaal sl s (g S el (Ul 588
Ol S o ¥ slws 0lS s 51 (SPAD index) Koy
et NS s b 5 (S LS 5 edd Sl
s (Sl smee . AE (6 S5l (Minolta SPAD-502 Ju)
o3l (V440) OLSen 5 ey o o eslizal L S O

(Fo) A arloes 53 dge B L5 el (o5

M)Jé‘j:mwuiz <a)'l3 QJJ—&L}Q)‘))X Voo

(36 055 = olal 035)
Jge,500) &y st Ol O me H1LS pnd 5 e
OLLSan 5 o o 3l 5 (ST dsme o S AeSIiss
o ) jrew g U i 31 4SS 03l (14450)

IRGA (LCi Ultra Compact, ADC BioScientific e yw b

$520LaS o aSEils GllS 55 55 g e Sl eges S
Gl Bl s IS g 10 Jgloe J g0 5 S ol
KHoPO : ol Jshoms ol 5 osliel _glie Jshms il
0 Ca(NO;3)2.4H20 )Y o Lo O KNO3 ;Y5 o Lo )
Yse ke o\ NaCl ¥ 5oL ¥ MgSO4.THO )Y 5o Lo
Va5, S0 V MnSOLH0 V55 Soo Yo Fe-EDDHA
Yo HiBOs V55 Ses o/A CuSOy ;Y g5 Ses /¥ ZnCly
OLalS (F)) 550 Vs Koo o/A NaxM0Os 5 ;Y 505 Sen
b s ol A dls, (Sl gl e a Ll ) e
¥l o B (ool ol Jaloee b 2 s Yool
Dl g lais e Ao IS 5 e DL S les cania
S s g rames 3 Jlesl e Jsloes Lol jan
gt (17 54) 5L S lazis (PH=ON) o dor SASLs
Sao e bl egss Jsb s Jlesl | S
VEEY oy5s ol dsb o3 ObdlS Lo glos Kl oS 55
3ot 3 gaedes a3 VY 5 555 50 e gendis o
= a3l BLL 3 s A s3 OA e Cosb; 0 SSL
Jsbome Gladd s o JS 98 Jold ploondsn gl o Ls
st ole alsm pllil 5 ety Sl Gl lS 5T GlS
(S et L gl plUl 3 sy e K 5 655
A 6 Sl T G peas U 5 S Ol e (s st
0 53 o35 S oS o) (b LS 5 g Sl 6l
b yme Sl eslatal b e S sldle As 55 40 J 50T 1) e
syl 4235 oolul  (Folin Ciocalteu) sl 55
Je) sa gib 5 Sl olns b i Olpse (Yo o¥) ludS
Jsb 55 (T80 UV/VIS Spectrometer PG Instruments Ltd
s e Olee i 8l () A o g VY e - s
10 J U1 o hea O 5l o3lital U 1 il ane g S 2 p S
Ty 3l Jeols Jsdoe s 0du S o Osla 3 s
e O L 0L a5 b s plaad e s s, 006
s el LS sl rgs it 1SS s Ve s

eala ol J)J%Adb QJJM‘)‘)J)J (\QVV) U‘)&@}J&f

A



e S )b 5 4 Caglie Gl 3 LED 5 5 ek ST

5= Ol e (Sl i bl s
3Bl er (R Ol &8 315 (1B S s
Yo i dld s (55 b Jsane Lald 53 S s o
W) Ol a oo LIS 5 ot Sl S o Ve e Ve +
o Sl S o DY e Yo kA0 S5 Ll 5 s 5 Ao
5 ey (Fe) IK2) 55 doys 1) Oljas a5 s LIS 5
o)) (S i Wsls OLES 50 (Yo V) O,
o by DAk 5 5 A8 ey S S S
PONp o gl oS 55ke 51 S s SLS 5 cnl Sl
b e Sl (pslaeeS) (bt 25 L ks )
S LS el i SLS 5 e QLS s i
Sl o 5 03,8 s 33T GJIGs)) ok S Ol s
(FA) Ky o oS AT gla 25 ol 3 OlalS e slis
Jedsan s s DS 5 a5 Gl ek G
S el VT b o 5T 5 0inSTol slag 5T e Jlas 2ol 3l
5 Sl (b OS5 Sl s eSSl o T ) L
el ol ol E e G158 L s 3L Jlez
LED (cla, 5 3,08 .(VY) 55d 00 b LS 5 Ol il 33l
il a6 glacd plio A 5 2ulyil Ssl 3o 5
o Sl Jlal s 5 058 e OS5y b LS S
3 ol o oo S e Bl 1 S
Wl LS o Jld | 3 LS 5 5w s 45 A3L 503
Gl @t Ll 5 el 1y ol 400 3 S5 e
.(A)
S Sl o sae STy S s (s e
s oRLST S sl asil s s el Slew
Sopge L ps St 3 s S0 5l S sl
Chle il b e L i S5 S il s 0,8
il Sl il sladeal S5 a0 S 5 el A
a5y 25 51 S s i p s o s S
ool i > It dad S50 S a5 51 6,5 Sk
oLS 53 i s sl foS oo LS 5 ke o)l

¥

oK 3 B ,a5 o 4 olS (W eslizwl (Ltd,. Herts, UK
IRGA (LCi Ultra Compact, ADC BioScientific oy b
bl a2 (Fo) el Cowsas (A eslizal (Ltd,. Herts, UK
L Lo nSloe 5 038 plnil SAS i35l 3 5l eslinal b Laesls
A demlis 2o ;3 0 Jlex>| e ;3 LSD RIS VI
¢L_>,u'l MS Excel )|J-_é\¢j‘ Sheslaial b Uayls ol - R

A

o g s
Sals ol bl 4 @l:j UGV PUTR I CORGE W g
SLS 5 el 0l sla i a5 ek 5 55 (SR
Al e en iy S oS S s s
4 5 pemeghew Sl eslii ol L Olojon a5 LED (gla, 5 5 )08
S R s s 8 Olee sk (S 05 05
Slass @ by CS S ansm 3 8 03 RIB S e S
cargbbal S0y ol o5 mh o8 e it
Ol s Sols e s sban illi-(g)58 2 (d ) ) IS
LED (slay s 3 ,0,lS ool asls Shll 1, S sy 5 b
53 ol Olme M58 Bl 3 s 5 295 Bl s e
et Sl s 4 g T 5 als Rl el
i il ol s sl 0L dald U 1 s (gl pme oslis
o5 2 Ll s SIS ek 558 o o3 VY Ol e
Cl So5 e e a R s 50 S s Ol
+ =l Glas s Gl Sl cpl 48 wsls LRIl |y aesls
Lol 53 s Ao 3 A VO Y i a5 503 e
Sl ab 5 i (o5 et a0 )8 (S
ol L S s 5 B Ol 3 ol SRl e
Gl GBS 8l Sp odsn s S8 patle 5 e s Rl
Sl S Vaa o Yo+ Yo 25 gl 5 505 e i
O Sl s eV 1A FO L S e IS 5 i
A b S e Sl ST o Y se e Yo A

5 RS Tl 53 e sls DL sl g 4o )3 T 5 YO Y



oK 5 S5 o e

\¥Fe JL@./‘J}‘ D)L&:I/rﬁéb-w dL.»/oL:f,sSls .he'})

250  WBlue:red mRed (2) EBlue:red MERed (¢) 250 -mSilicon 75 lSiliconOa (e)
§ ®Blue CControl 0 ®Blue 0 Control & b
i b
= 200 4 200
[=11] C
150 - d
o0 150 - h e
= fg8 h f
E 100 - 100 -
g
= 50 - 50 -
=
o
&= 0 - = 0
75 0 0+0 10+40 20480 0+0 10+40 20+80
Silicon (mM) NaHCO;+NaCl (mM) NaHCO; + NaCl (mM)
250 - WBluerred ERed (b) 50 WBlue:red ®WRed (d) 250 4 wSilicon75 mSilicon 0
o B Blue O Control ®Blue OControl 2p a ®
200 4 @ 200 - 200 + b
: i C
20150 150 1 , 1507 d
= {8gh, f
¥
k= 100 100 + 100
2
=M 1 i
50 50 50
0 - - 0
0 75 0 0+0 10+40 20480 0+0 10+40  20+80
Silicon (mM) NaHCO,+NaCl (mM) NaHCO;+ NaCl (mM)

b 5 S50 0 5 (d ) L5 Sl (oo 00 (A5 b @) L 5 e 855 (S 5 T ks aslin N 85
M)‘JL;'&A C)}UJ LS‘)") C)}ULZA d}f\;&lﬁu_’:&: EAJJ.;C.,J.{: &w}f aL;f)A (fcd cb) ﬁ,r:.JJf.f ulﬂa}(e « ‘a)uﬁupglﬂf‘(fce)
(p<0.05 LSD)

Fig. 1. Mean comparisons of the interaction effects of silicon and LED light (a, b), salinity-alkalinity stress and LED light (c, d), and
salinity-alkalinity stress and silicon (e, f) on total phenol content (a, c, €) and proline content (b, d, f) of Physalis angulata L.;
Columns with different letters are significantly different (LSD, p < 0.05).
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Table 1. Mean comparisons of salinity-alkalinity stress (NaHCO3+NaCl), LED light, and silicon on soluble sugar (mg g' FW),
glutamine synthetase activity of root (Root GS), glutamine synthetase activity of shoot (Shoot GS) (umol GH g -' FW h''), Mn and
Zn of shoot (mg kg'! DW), and SPAD index of Physalis angulata L.

Treatment Soluble sugar Root GS Shoot GS Mn Zn SPAD index
NaHCOs + NaCl (mM)
0+0 3.76* 5.512 8.572 40.872 36.87° 54.032
10 +40 2.58° 4.38° 6.53% 31.37° 34.82° 50.99°
20 + 80 2.13¢ 3.40¢ 4.63¢ 21.46° 30.61°¢ 47.86°
LED light
Blue + Red 3.26* 4.99* 7.66° 39.27% 35.48° 55.10*
Red 2.91° 4.65% 6.70° 31.16° 37.432 55.78*
Blue 2.69 4.33b 6.36° 28.97° 33.25¢ 47.59°
Control 2.42° 3.76¢ 5.58¢ 25.54¢ 30.25¢ 45.37¢
Silicon (mM)
75 3.02¢ 4.71* 7.27 34.732 35.012 52.232
0 2.62° 4.15° 5.88° 27.74° 33.19° 49.68°
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In each column and each group, means with the same letters are not significantly different (LSD, p < 0.05).
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Fig. 2. Mean comparisons of the interaction effect of salinity-
alkalinity stress and silicon on shoot glutamine synthetase
activity of Physalis angulata L.; Columns with different letters
are significantly different (LSD, p < 0.05).
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Fig. 3. Mean comparisons of the interaction effect of silicon
and LED light on SPAD index of Physalis angulata L.;
Columns with different letters are significantly different (LSD,
p <0.05).
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Fig. 4. Mean comparisons of the interaction effect of salinity-alkalinity stress, silicon and LED light on relative water content (a) and
water use efficiency (b) of Physalis angulata L.; Columns with different letters are significantly different (LSD, p <0.05).
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Abstract

Today, soil salinization and alkalization have become an environmental problem that has limited agricultural
production. The use of silicon and LED light can reduce the limitation of agricultural production in saline
and alkaline conditions. For this purpose, a factorial experiment based on a completely randomized design in
three replications was implemented to investigate the effect of sodium silicate and light sources in reducing
salinity and alkalinity stress on Physalis angulate L. Treatments included sodium silicate at 0 and 75 mg L,
four sources of natural light greenhouse (control), red light (100%), blue light (100%) and 70% red light +
30% blue light and NaHCOs + NaCl at 0, 10 + 40 and 20 + 80 mM. The results showed that simultaneous
use of silicon and LED light in all three conditions of non-stress, mild and severe stresses increased the leaf
relative water content and water use efficiency, particularly in severe stress condition. The use of silicon
increased the contents of phenol and proline in both non-stress and stress conditions, and the use of LED
especially blue + red light, also increased these factors. Although the interactions of the studied factors were
not significant on the amount of soluble sugars, glutamine synthetase enzyme of root and shoot, Mn and Zn
and SPAD index, the application of silicon as well as LED light had an increasing effect on all these factors.
Therefore, the use of silicon and LED light can improve the growth factors of Physalis angulata L. and
increase the resistance of this plant to salinity-alkalinity stress.

Keywords: Biochemical index, Plant water relations, Sodium bicarbonate, Sodium chloride, Sodium silicate.

Background and objective: Today, due to rapid population growth and lack of water resources, it is not
possible to use high-quality water for plant cultivation, so the use of poor quality water is one of the essential
solutions in the agricultural sector (2). Changes in the biochemical and eco-physiological properties of plants
with LED light and silicon application can probably increase plant resistance to stresses including salinity-
alkalinity stress, besides improving plant quality. There is no published information about the role of silicon
and its simultaneous use with LED light on Physalis angulata L. in Iran. This study aimed to investigate the
effects of silicon and LED light on some biochemical parameters, nutrients, and water relations in this plant
under salinity-alkalinity stress conditions.

Methods: This research was carried out in a factorial based on a completely randomized design with 3
replications. Experimental treatments included salinity-alkalinity stress in three levels of control (distilled
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water), 10 mM NaHCO; + 40 mM NaCl, and 20 mM NaHCO;+ 80 mM NaCl, sodium silicate (two
concentrations of 0 and 75 mg L), and the light spectrum was in four levels of natural light of greenhouse
(control), red light (100%), blue light (100%) and red light 70% =+ blue light 30%. The light source used was
LED light with an intensity of 200 pmol photons m? s'. At the end of the experiment, some biochemical
parameters including total phenol, proline, soluble sugars of the plant and glutamine synthetase of root and
shoot, some nutrients including Mn and Zn of shoot, SPAD index, leaf relative water content and water use
efficiency were measured.

Results: The results showed that mild and severe stress affected all the studied factors. In non-stress, mild
and severe stress conditions, application of silicon increased both phenol and proline levels by 11, 11 and
21%, respectively. The use of LED light also increased these compatible osmolytes, which for blue + red
light, the rate of increase in non-stress, mild and severe stress conditions were 23, 45 and 33%, respectively.
Glutamine synthetase of root and shoot, Mn content and SPAD index increased with the application of
silicon, by 13, 23, 25 and 5%, respectively. Also application of blue + red light increased these factors by 32,
37, 54 and 21%, respectively. The leaf relative water content in non-stress conditions with simultaneous use
of silicon and blue + red light increased by 65% compared to control, which was 53 and 180% for mild and
severe stresses, respectively. Water use efficiency also increased by 20% under non-stress conditions with
the use of silicon and red light. This factor did not show a significant difference between treatments for mild
stress, while in the severe stress, application of silicon and blue + red light caused an increase of 116% of
this factor compared to the control. Arouiee et al. (2012) reported similar results in pistachio and fenugreek
plants in relation to salinity stress and silicon application (1).

Conclusions: The results indicated the adverse effects of salinity-alkalinity stress on Physalis angulate plant.
The simultaneous application of silicon and LED light, especially the combination of 70% red light with
30% blue light, improved the factors related to plant water relations, especially in severe stress conditions.
Silicon and LED also reduced the adverse effect of salinity-alkalinity stress on Physalis angulata L. by
accumulation of compatible osmolytes such as phenol, proline, soluble sugars and also restoring of the
photosynthesis rate by increasing the accumulation of glutamine synthetase in root and shoot and SPAD
index of the plant.
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