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Interaction effect of gibberellic acid and potassium sulfate on soluble sugars and
dry matter, resveratrol content and antioxidant capacity of grape berries
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ABSTRACT

In this research, the effect of foliar application of potassium sulfate (0, 1500 and 3000 mg/l) and gibberellic acid (0, 30, 60
and 90 mg/l) on yield and its components and qualitative and antioxidant capacity of ‘Bidaneh Sefid’ grapevine were
investigated. This study was conducted factorially based on randomized complete block design in a vineyard at Malayer
town. Vines were sprayed during three stages including of a week before bloom, two and four weeks after bloom. Based on
results, the content of berry TSS, anthocyanin, ascorbic acid and antioxidant capacity was found to be highest in K,SO, at
3000 mg/L in combination with GA; at 30 ppm treatment. Also, the highest berry total phenol and flavonoid content were
related to 3000 mg/L K,SO,treated- vines in combined to GAz at 60 and 90 mg/l, respectively. Moreover, the highest berry
sucrose and glucose content were related to those vines treated with 3" levels of K,SO, and 2" levels of GA; combination
treatment. Foliar application of K,SO, improved berry resveratrol and viniferin concentration in GAs-treated vines and berry
stilbenes increased with increased K,SO, doses. The highest activity of catalase, guaiacol peroxidase and ascorbate
peroxidase antioxidant enzymes were observed in vines treated with K,SO, at 3000 mg/l in combination with GA; at 90
mg/l. Totally, foliar application of K,SO, especially at 3000 mg/l in combination with moderate doses of GA3 improved the
yield, accumulated dry matter, increased the sugar content and the antioxidant capacity of the grape berries.
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* Corresponding author E-mail: Rouholahkarimi@gmail.com; R.Karimi@malayeru.ac.ir



e Sz o0le 5 W Slyie by Ollgw § S ol S0 it e )l5 g g0 S ooy

ojlul 4 oge aSial gl g 35l D92y alal, Sy
S 5l S o g ey & S 00, (S
(Singh, 2002)

bolSt 55wl gboniSedas 5l esliul
Lol oo (Slod S Sjgo & (Sieg) sl ysSl
o)l ndy Slhasl Al Ay 4 b o
GRS cely a5 a8 @y alulis Gdgyaee 5 (Jole
oMb sk g o 09,5 a2 50 5 oo o Jemily
5 o8kes GRIEl 5 Al cage 035 o sk
(Pires et al.,, 2000) o5i oo ;o5 gy CeasS
o3l Al (sl Sz awsl (9092 5l Vgone
B 08 s oolaiul wlay sle,6Sl A
PBI o (oS 5 (505 Db Senpe 4 S e Sl
.(Kaptan et al., 2017) Sgd oo yo 48551 sl
5o alag b, oSl o S awl (2B 0
3 ok s il s o3ee LS5 e
g b ojlail molidl daas o b Jolu ol S5
Pires et al., 2000; ) 545 o alss o, Slas 3540
.(Casanova et al., 2009; Nampila et al., 2010
3 oI Ogan ;S )9Sl )0 Sl ael 008
155 badyd: uieSS com bUS LbsSs al>
35550 Hlediay laaal) S e ogee oSS al> e
Sy 0,8 uizes (Dokoozlian, 2001)
chle b 2al8 5l ey aiin oz g i 9o sl
GRIP 4 e b (283 el el T
Jsloee sl Slge o3 1alS g oas (oye 5 Jsbo
.(Badr et al., 2005) .

@ el SRl e )3 ilSe slaaghy
S 9 S 5 o5 sbasls Gl sl
Kiamarsi & Eshghi, ) J&lo pdise lawgs 65l
2011; Afshari et al., 2014; Baghalzadeh et al.,
,945 5l z,> 5 (2015; Dolati Baneh et al., 2017
Dimovska et al., 2014; Nampila et al., 2010; )
plil (Kaptan et al., 2017; Kaptan et al., 2019
S ez sl 3l eolainl b o, e el ool
Gl g ades deas hs L8 5l 6Kl o
s Sy sl 0,187 5)lg0 el o 00 Sas

doNdo
5 ploowd ogS sl slacdale I oolarul
slagley ,o Ll 9,5 50 5 0l slooaisSie b
5 gy My Sl Jole )0 ks a4 el
@l &S Sl (L pde 98 1 (S s
Syl b lSE j0 jielS g ogee ddgi e 4o
oS ol glooly 5l (S ladss pole Spopls
slegame CoiS g3 Sloe S5t 9o Wl o
Nojavan et al., 2017; ) 595 ,65] alox ;| calize
& 4>¢ L .(Zaree, et al., 2016; Karimi, 2017
O (Sp ol gelbe SB oyl slcusgasws
Gl red Wlgioo gy g JoSe B9, So lee
Marchner, ) ol ogee oles coinS els o Sloe
b ;0 el (20127 Karimi, 2017
Jeb 5l glesden 9 (Sigdnid slaanl
Wi sl g cole ey cole e
ity s sl g5 P05l G (siboled
5 basyy, pudaias 5 5k @b (P 9 el
Cakmak, ) s,ls (gaudS gl uds mSOl wigl JSis
et (2005; Marschner, 2012; Karimi, 2017
B sl 5 65, Gl Gk ) el
Nl sleas codS Gl cel gl S
.(Mirbagheri et al., 2018; Cakmak, 2005) 545 o
slaasgl jo ad sl by el jaie opl guaS
Sr 0 590l gead el Wlgioe 5 ond S
o Sl (Syoml Jouily 33eaS 3le b oad
3,0,5 .(Mengel, 2007) 05 quliy SgmeS i1 50
Gl crse bl 45K 53 7Y pelty Slile
SLST 4 Cond 3 Shoe 5 ads> 2)e 5 4> ()9
Jol> zls .(Arshad et al., 2006) <ol ool walss
085 585l S by Slisw (Sp (SBb sbre ]
A5 sl Bl slme 45 ceal ools lis ‘)
Zaree, et al., ) aas o ols 1) anaul ol
@ e el (S p 08 Ul S (ies (2016
Colled g (b LS 5 uilmgiil Jlogine il
ool ol b awslie o Ul oge oI SlousT sl
(Tehranifar & Mohammadi Tabar, 2009) <.l

2 99730 paliy b ogao o3lil 5 Jpamme (lie



oY VWAA 5l ¥ 6 Les Y 5,90 ool SLEL psle

Sz sl ol pgo 9556 5 (i 55 )5 e
S og Gl o p S ke A0 9P 9V sk
¥) wols 5l L3 atis K bt b e 4w b
Sz 5 o3 YF) 2ulS 5l o aan g0 (olosls &
S5 eolaiwl b (oloysV o) 2al8 5l o aian
Ol e S S Lo Ve hes
9y (Logee S5 Jore) s)lr Jad slaasla
Sl b ke 33, el Slel b a5
(220 o = Vo (39) Ghge el a3k Gl
b osals oSt aiman b adlol o Jylxe @
(BrhoS E9y% y0 ad (S sle (lge 5 T Jslme
Pl S osesl 5 Jlo)) sfislel @ (S aiged
S8kee 5 st i B @ 4295 L) Jgoz) WS
g o 0 slalex O (gals VO olow ogue CutS g
SBT L ol s oyp sl o 5 (gl
4 053k ol ooliinl b oSl lasaligs g s
b oplon sl o plodl b Ll L 3 a5
9 S Cugi 99,0058 J5 il (b S 6 )le
B8 Syso 4 S (g)Lol o eoliiul a0lS g

ol b Blhae je s p)ler aiia )3 boge
a5 el (ol GlaST ogee YYIT S iy
5 oS STy Sof 9 9, 8es (e (e jelate
e slad g Slel lides ol & S
aS Cal S @ Y e S e e oKl
ot Judo g SIS 5 am Jlo jo il
ol s Jless 5ol oSl (Jl 1 e
00,5 4l axllas

Jud 3o (05 slagas s (s pSojlul sl
P9 Job > pye g Job s S35 55
Jlezms mdsS g g3l5 5l A (9 g ady>
O oolazuwl

do,o Kaptan et al.,, 2019) WS 5 az 0 ralS
Baghalzadeh ) cgue (5,555, lie 9 St 00le
S g5l sl g IS ol l580 (et al., 2015
Kiamarsi & Eshghi, 2011; Afshari et al., 2014; )
bkas> SaSs> 5 (Kaptan et al, 2019
wslse pl .l ool (Baghalzadeh et al., 2015)
» bl e g el CekS el el
i po alS el Wl o (s sl o]
Karimi & ) 0gd  cioiS a3l )0 jiolS 4y 6Kl
o a5 gpole 5l G el (Mirzaei, 2018
Sl iz oole gz g A ol 0 sege
Nojavan et al., 2017; Mirbagheri et al., 2018; )
Al 38 LS o Wilgs e a5 (Karimi, 2017
S5 9 (5 slaatld s 4 e Sy
4 ol Gua L ol adlhe 1 0l 6K
Qi b oSy 0 Sl ael clale o

szl g o,Slee il Coz pawloolWew (S

s ol ais il 55l S sla asls 5 o]

o 995 9 dlge
g o, Lol i b sawalag o8, 6l ST TP olass
Sl Cnp e Zo CSIES, e
ST o VXY ansls alols b (ad,bgs (y99,55)
Ol et @y 5l pudl (b, 5o @dls all VY
P e WYF L zha 5l oelslh O
FAC A oldla> Jsb o YO YT LS e
Jlos el YPA Gl Swb g
SVEIYY cwoy @ Al gleo iSlas g lawgine
Jlo by o (O Xaluas 0 FVFE 5 VFV0
KWV T IS BRVISK PSR PH RPN EH IR LA
L Solas L5 slassh z,b B o 956
Jol ,eSh a1l \W0-97 b Jlo b IS5
Verr 91000 o goha) pealy Sldsw Jold

Sialej] e (ST S loowinsSo 8 sl Sig ) Jgo
Table 1. Some physicochemical properties of the experimental vineyard soil

Depth Silt Sand Cla Texture H EC Available P Available K Total N Organic C
cm (%) (%) (% P (dsm) (mg/kg) (mglkg) (%) (%)
0-30 46 435 10.5 Loamy 8.1 326 239 0.04 057
30-60 38 39.7 22.2 Loamy 8.3 19.4 217 0.05 0.43
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Table 2. Interaction effect of foliar application of potassium sulfate and gibberellic acid on berry biophysical indices
of ‘Bidaneh Sefid’ grapevine
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In each column, means with the same letters are not significantly different (P < 0.05) according to Duncan’s multiple range test. (P < 0.05). G;= 0 mg/I
GA3, Go= 30 mg/l GA;, Ga= 60 mg/l GA3 G4= 90 mg/l, GA;. Ki= 0 mg/l K;SO4, K,=1500 mg/l K,SO, Ks= 3000 mg/l K;SO,.



e Sz o0le 5 W Slyie by Ollgw § S ol S0 it e )l5 g g0 S A4

Arshad et al. ) <ol ool valis & Cos aby>
Lse 55 s gjlailel, b bayd o> (2006
A @ it i o L5 slae il s b
o)lgs 0B sl LS 990 slajeRe Al g
ok ok e ol el g 0ud (ol
O Sy Sl pa b g o b ok (o
Sgdge dlg> Azl )3 g > (59 9 AdgS Heore
b o dlig> 5 ,e o yiion (Gasperl et al., 2016)
gl b penily, Sy pgu s (oS5l &
Gl ol boandl oS 0 Sl sl 03k
5 GKs claeeS 5 b oudlog oSl 4o asls
S (Y Jgoz) il (g)lo cime BT G4K;
S wald slasSt 4 by ales oye 5 Job
SlaS 5 b (Bl slome &5 a0 LS4 (Y Jgi2)
Sonte b Fhwgid 25 GBI Bk Sl ety
adg> e Gl cage polie JUil g Gl
&S » o) (Mirbagheri et al., 2018) s¢8
ol 5o meliy ol 13 LaST o el enly
Cadloy 5 B ogee 0d) (S Jolpe oy (S
N ST & P R\ REL AT L AP
Sl amii jo g 4> By 9 Jsb (il g b

(Karimi, 2017) 598 o adog>

S o Shos 9 4bg5 (339

2 sl Rl 519 Sz dpl cpealiy Slilsas Sl
Sogre 1Y Jletal o )3 5 Shee g al53 (59
V@ yho ) Sl sl clale 20180 L
Voo @ jho ) peuloolidsw 5 id )0 08 e
St oSlee 5 ade> 059 S )0 eSS e
039 i 8l Gl SlaS 5 Gl b oad e
YY) 5,Shas o0,V 5 (F Jgir 1,5 FYV) adbss
Sllgw jlod 4 bgipe (V JS3 «SE 0 p56lS
LSy 0 sl p Sk Voo clile b el
GaKa) yodys yd o oS e 80 Sz
sdnlicwsds polie b (5)ls cme glas ] a5 54
2 S ol pgw mhaw b osd)les oS 5o
S g bl (GaKy) by olilgw b oS 5
g aall led 4y by pe ali> (9

> B g (Rele <IAY) ok onteS
o s St 4 by (e osle /YY)
e olew 03, 5550 (55 laddllas yo (Y Jgoz)
Voo s 0 S ke 00 B L e 08
ab e ol 58,50 cel 5 ples 5o o,
o plil slo o, (Kiamarsi & Eshghi, 2011)
« Sy ul Sles L Einset Seedless Sl (s,
Ghaldl wals e b aglin o a> oye g Jsb
Kaptan et al., 2017; Kaptan et al., ) <ol axsl
Cillas oy ol ) odeliensay b b a5 (2019
Sl g A 90wl S e 0 )5 job e 1o
Ll paicdye 5 bas(o,e 5 Jsb il el
oy oS 1y Jolowo wul> slge slgizes (Jg ol
o,lg90 (g pdy iS yd > (Badr et al., 2005)
b 5 s oy Bdis b 5 o0l 2l 1, sk
3 2l ity (alS s a4 il 5,00
s @ i Ol og)5 czse 5 0ad (LS Jobo
Stephen et al., ) 55,5 o o] o Jisb 5 Jokw
o] Sl sl S 0,5 alanls 4 (2005
e yol oyl a5 anl Ll oL e bl
ok ojlows 0l sl jldyse slajeRe sl
s Job 0d) coge oy (al 4 g 09d o
(Gasperl et al., 2016) 592 o

adgs e 9 Job
2 sl Blie 51y S e aul el Slidgus S
el cdale 0l L Gleres a5 (g ebday
mlgw g iy e S e A0 i I S
9 Jsb s 0 pSdee Yoo 4 jao Sl ey
aby> Jsb (nyiie 28l GRSl adss o)e
al pilez maw Gl o (e ule F4/8)
adl a8 39 pely Slils pow o b S
Looad les oSt adgs Job (s b gime Dglis
p9o g b oS5 50 Sy sl o (ren

o5 sy Ve il el 45 (g5, 1 el



DOV VWAA 5l ¥ 6 Les Y 5,90 ool SLEL psle

Yield (Kg/vine)

G1K1 G1K2 G1K3 G2K1 G2K2 G2K3 G3K1 G3K2 G3K3 G4K1 G4K2 G4K3

Treatments

By gl o (1Sl ptwailan H6Sl o Slas 5 S pez it § puly, Sligaw (S 00,8 5l S ) IS
ROURLECATIPWWE [SRPSLN RPN gl VUYL, R W JOUE N VW] I c HPRL SN IS S VO R W JUDE N VN Y PPN R IPS gl PO o
S S Vo by olilon SRy i 3 )8 (L) 00+ pealy Sl Ky i 50 0 5 (e Sio
Figure 1. Interaction effect of foliar application of potassium sulfate and gibberellic acid on yield of ‘Bidaneh Sefid’
grapevine. In each column, means with the same letters are not significantly different (P < 0.05) according to

Duncan’s multiple range test. (P < 0.05). G;= 0 mg/l GA3, G,= 30 mg/l GA3, Gz= 60 mg/l GA; G,= 90 mg/l, GAs.
K]_: 0 mg/l KzSO4, K2:1500 mg/l KzSO4, K3: 3000 mg/l KzSO4.
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Table 3. Interaction effect of foliar application of potassium sulfate and gibberellic acid on berry qualitative indices
of ‘Bidaneh Sefid’ grapevine
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G:Ky 3.32bc 1.17e 22.2c 0.036e 17.1d 66.5f
Gi1K; 3.3%b 0.93f 23.6b 0.051d 18.7¢c 78.4e
G:Ks 3.47a 0.86f 23.8b 0.072b 18.8c 84.1d
G2Ky 3.20c 1.32d 22.2¢c 0.057cd 18. 6¢ 69.0c
G2K; 3.29bc 1.20e 23.7b 0.058cd 18.7¢c 70.5¢c
G:Ks 3.37b 1.15e 25.8a 0.081a 19.5b 91.5¢c
GsKy 3.12d 1.57b 21.2d 0.066b 18.9bc 90.2¢c
G:Ks 3.23c 1.42c 23.5b 0.069b 19.4b 108.8b
GsKs 3.45a 1.23e 26.8a 0.086a 21.5a 118.1a
GiKy 3.07d 1.68a 21.1d 0.054d 19.0bc 92.2c
GiKs 3.37b 1.53bc 24.0b 0.062c 19.2b 95.2¢
GuiKs 3.30b 1.47c 25.3a 0.085a 20.3a 121.6a
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In each column, means with the same letters are not significantly different (P < 0.05) according to Duncan’s multiple range test. (P<0.05). G;= 0 mg/I
GA;, Go= 30 mg/l GAz, Gs= 60 mg/l GA; G4= 90 mg/l, GAz. Ki= 0 mg/l K,SO4, K;=1500 mg/l K;SO4, Ks= 3000 mg/l K,SO,.
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Figure 2. Interaction effect of foliar application of potassium sulfate and gibberellic acid on berry total flavonoid (A)
and phenol (B) of ‘Bidaneh Sefid’ grapevine. In each column, means with the same letters are not significantly
different (P < 0.05) according to Duncan’s multiple range test. (P < 0.05). G;= 0 mg/l GAgz, G,= 30 mg/l GA3, Gz= 60
mg/l GAz G,= 90 mg/l, GAz. K;= 0 mg/l K,SO,, K,=1500 mg/l K,SO,, Kz= 3000 mg/l K,SO,.
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Table 4. Interaction effect of foliar application of potassium sulfate and gibberellic acid on berry soluble sugars and
stilbenes concentration of ‘Bidaneh Sefid’ grapevine”

Treatments Glucose Fructose Sucrose Resveratrol Viniferin
(CLp) ") @) (hgg?) (hgg?)
G:1K; 2.53f 1.79% 2.4e 1.31e 2.53d
G:K; 6.14bc 1.83bc 4.83d 3.45¢c 3.90c
GiKs 8.34a 1.93b 6.85ab 4.50a 4.75b
GKy 3.52e 1.07d 4.52d 1.34e 2.82d
G:K; 5.37c 1.91b 5.81c 2.97cd 4.39hc
G:K3 6.91b 2.10b 6.78b 3.86bc 5.37a
GsKy 4.14d 1.68c 4.74d 1.33e 3.84c
G3K; 6.77b 2.65a 6.29bc 2.23d 4.90ab
GsK3 7.93a 2.94a 7.49 4.32a 5.66a
G4K; 3.75e 1.73¢c 4.25d 2.82cd 3.45¢
G4K; 4.66d 2.25ab 5.83c 3.97b 4.39hc
G4K3 4.83cd 2.31b 5.99c 3.89b 4.77b
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Mean values marked with same lower-case letter in each column are not significantly different (P < 0.05) according to Duncan’s multiple range test.
G1= 0 mg/l GA3, G,= 30 mg/l GAs, G3= 60 mg/l GAs G4= 90 mg/l, GAz. Ky= 0 mg/l K;S04, K,=1500 mg/l K;SO4, K3= 3000 mg/l K;SO,.

SRl oo g e d5d 0 05 el Gl
(Mengel, 2007) sl oo (yiol33l

Ot (T (glaes 35T
el e 51 S el ol Sl
jl@lﬂab)ﬁﬂ oSy JsSLE M}ST Codled
W O A TG P B 1 SV S F{ L
Oligw b oS5 50 Sy ol (8L gl
Slampl el a8l cel 350 jsb a4 penly
ol b eas s ST g ol GI.\Z_M.SlG';ﬂ

(VIS as olus s
IVE) 5l JsSLE slag 5T collad o i
STy Dbyl g (Cuign pShee o a2y
St o (g pS ke o axly PPNY)
L M'5)-‘ ° &J}M?M‘ ﬁ)l-é{? Glﬁ*“ L °M)L°~:3
JSMJ) A odeline (G4K3) Mbubﬂw P G]a“’
JSLE Glam 3l colsd Gliwe (neS (F-B, D
5 (Oefisp plke o azly /oY) lasly

(\”—B, D Jg..u) Sgs VYW 6L®&5Lv 0guo A Joyfo

Jokme o9y
PUSTRY - PN USUE SRV N Sl
e 2oy Sy mhw 3 Jole efign Ol
CHE L aables glS o (oF 2 o5
ool b oSy o ) o S ke Yoo
2l oS 33 GiKa) dod Sl 5 3 25 o
b oads b Jslme ST o Lasle opl e |
S G:3Ks 9 G3K, GyK3 G"'S)" GL:”)L“'"
Q‘)’.:.A Sres (Y-A %) alas olad sl e
@ Loy (05 2 p59,50 AVIY) Jole (0t
(KA S8 op wals St ope ol
RVESWIPY] X VRSN ] R RA pet LT 1 PUVRppI Ty 1N EN
4 e oyl slaclile b oS5 0 by ks @
Canl oals Jolme  slapiign  cdale ol
gy adlas o puen (Karimi e al., 2014)
(02 b S 3 ey iy (L2 slre 5
Mirbagheri ) col oo ba> (pus5g, iuliél cely
Syls e ol aslllae gl L a5 et al., 2018
g wSle anldalege T e el
5'35 oL:f J:}lo)e R\ ..\..SGA u.s‘..\.b ‘) u]ﬁusj.m



IN4Y

250 -

_ A a
2 200 - a i a
& b p P
o b
e 150 - c C
oo c
=T] e
2 100 -
£
] ]
g 50
S0
4 N ™ \ ™
= e&e@e&e c?"@c@ee”;t-c?;k e& @&k
Treatments
60 - © .
50 - a
= b ab
>T 40 - b
s 2 be c
5 a2 30 4 c ¢
i
[e)] C
220 -d ¢
<=
ECZ 10 -
0 |
N S D
o&oyo&o&o@o” & @ 4‘:}0&1~
Treatments

GPX activity
(Unit mg! protein)

APX activity

(Unit mg protein)

VWA 5l o 5l D) 5,58 olul SLEL psle

0.25 a
(B)
0.2 - b
b
0.15 - b b
0.1 C C c
C
005 {e 4§ ¢
0 |
> >
0@6@0\@& @/ S &@@% @/
Treatments
70 A a
(D)
60 -
50 - b b
40 - b b
bc
30 - d
d d
20 - . d d
10
0 n
N 5D
o\‘k'o\@o\*'c>"7bc>ﬁQ @&*'c?* @
Treatments

eI T sl 3T e WA Jolono (otig p (Slsiome Syl 5 bty Sl (55 0551 S
O 8 55 S piie By 5l (slaSile hesailiny s D) ey b sl 5 (€) VLI «(B) Sl J5SLE
P Sk Ve S ol 2By i 53 )5 (e jho Sz ol 26y (0 mha 9) 955105 e L (55l e Lol
25 e o ey Slgw =Ky i 5o 08 (e Ve S pez ol 2By i 53 S (e P S ezl 2 Br 2

EAPNCRL Y

el Sy Ky i )3 )8 (L) B0+ sy Sl =Ky o2

Figure 3. Interaction effect of foliar application of potassium sulfate and gibberellic acid on berry soluble protein content
(Panel A) guaiacol peroxidase (GPD; Panel B), catalase (CAT; Panel C), and ascorbate peroxidase (APX; Panel D),
activities in ‘Bidaneh Sefid” grapevine. Mean values for each enzyme marked with same lower-case letter in each panel are
not significantly different (P<0.05) according to Duncan’s multiple range test. G;= 0 mg/l GAz, G,= 30 mg/l GA;, G;= 60
mg/l GA3. G4: 920 mg/l, GA3 K1: 0 mg/l KzSO4, K2:1500 mg/l KzSO4, K3: 3000 mg/l KzSO4
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Table 5. Interaction effect of foliar application of potassium sulfate and gibberellic acid on some berry leaf nutrients

concentration of ‘Bidaneh Sefid’ grapevine”

Treat-ments K P Mg Fe Zn Mn

(%) (%) (%) (nglg) (Hg/g) (Hglg)
G:Ky 1.26f 0.13c 1.49d 64.9d 43.3g 33.3g
G:1Ky 1.87b 0.34b 1.17f 76.1ed 74.1f 44 8f
G:Ks 2.11a 0.39ab 1.22f 88.5cd 134c 83.3b
G:Ky 1.26f 0.23c 1.80b 69.7d 112d 44.4f
G:K; 1.54d 0.37ab 1.38e 80.8d 140b 53.4e
G:Ks 1.79c 0.42a 1.88ab 103.4ab 148ab 92.1a
GsKy 1.30ef 0.24c 1.67c 82.7d 105e 56.9e
G:K; 1.63cd 0.38ab 1.97a 107.6a 108e 65.7d
G:3Ks 1.79c 0.44a 1.47d 109.5a 157a 99.6a
G4K, 1.169 0.25¢c 1.48d 88.3cd 116d 66.1d
GiK; 1.37e 0.36b 1.77bc 96.3b 156a 77.9c
G4Ks 1.54d 0.35b 1.83b 110.6a 123cd 81.6¢
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Mean values for each nutrient marked with same lower-case letter in each column are not significantly different (P < 0.05) according to Duncan’s multiple range

test. Gi= 0 mg/l GAg, G,= 30 mg/l GA;, G3= 60 mg/l GA; G4= 90 mg/l, GA;. Ki= 0 mg/l K,SO,, K;=1500 mg/l K;SO4, Ks= 3000 mg/l K;SO,.
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