Iranian Journal of Horticultural Science el SLEL
Vol 50, No 3, Autumn 2019 (649-665) RN r’"&
DOI: 10.22059/ijhs.2018.259323.1456 FYAFFO (o) WWAA 5l ¥ 5)Lol B0 8590

9Bl 5 o 9 Sl 1 5T Cadled (59899 38 Dluoguas 3 el DLSY 30 Jolxo
Gl Wulyi oo (Lactuca sativa L.)

TSl 05 9 ok e Ty b Sl 93T
Ol by Ol ) s&ils (g5, 9LaS e dKils bkl 5 JLils (hd )l wlid )8 Golw (g gedils ¥ 5 ¥ o

OFRV/O/YY &y s = VWAVPAY 12l 5 g ,)

o>

- 4

(lleS Blps o als s Shes 5 ST ST (S5 Pn G SR 3 Fa p eSO S L5 sitesy

L \YA7 Jle s 0l el Ll 3 1S5 a3 (dalaas JolS S sh b al  odds 5 LS S &) s0n b
Sbdgon 5 ol 56 Olgsa (LS of 3L deoys Ve 5 A0 N er) il g Ll 250 4w Jols Syl slajles LA
sba GLleS A4S sl DL s Ly o5 S Olgea (R s p S V0 5 V0 ) e aw s dSOSY
ol g als a1y VB 5 jlaaSt ‘5u‘..3}ﬂ Cllad 5 A SN s Olges 5 (SIS ST Sl (g ,ln e
Solsgne ssba edSOUSY (5 5,8 ol Jals 1) s Shes 5 S O ekiledl (S Of i slgee L2 (sl0L
Sl Sl 5 g Sae o A als SR AalE Hles 4 Cad 1 olE 3 Shes 5 Gl BT Sl (S O cons
S ST Cdld S Ta As feols Aoy Ve w\:ﬂé Lyl s 5 2 s f; V0 S SSY 55,18 5l 5 5 VG
290 81 A 53 05 VO S TSY 5,8 (s 4 a5 b el sty do 3 A0 (5l Tl g 2 s p 8 VO Lo

03 8 or 2ty 9215 5 Shas 5 w51 5 Bl IS AT Sl oS O ans

W o e g i (gl (OligenST ST lep 5l 1Sl Slrosly

Effect of foliar spray of calcium lactate on physiological characteristics,
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ABSTRACT

In order to evaluate the effect of calcium lactate (Ca) on some physiological, antioxidant properties and yield of
lettuce cv. New Red Fire under deficit irrigation, a split plot experiment based on randomized complete blocks design
with three replications was conducted in Zanjan climatic conditions during 2017. Experimental treatments consisted
of three different irrigation regimes (70, 85 and 100% ETc) as the main plot and calcium lactate at three levels (0,
0.75 and 1.5 g.I"") as a sub plot. Results showed that deficit irrigation significantly increased the antioxidant activity,
proline, phenol, flavonoids contents as well as peroxidase and catalase enzymes activity. In contrast, deficit irrigation
reduced the membrane stability index, leaf relative water content, excised leaf water retention and yield. The foliar
application of calcium lactate significantly increased plant water status, antioxidant activity and yield. The highest
proline content and catalase and peroxidase enzymes activity was obtained with application of 1.5 g.I"* Ca under
deficit irrigation of 70% ETc. The maximum antioxidant activity was achieved under 0.75 g.I"* Ca treatment and
deficit irrigation of 85% ETc. According to results, application of 1.5 g.I"! Ca can be proposed to improve plant water
status, enzyme and non-enzyme antioxidant activity and yield of lettuce.
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Table 1. Physical and chemical properties of the Experimental soil

. . N Ca Na K
Soil Texture Organic matter (% H § E B i
g o) »p (@s.m) %) (gkg") gk (ake?)
Loamy clay 0.94 7.4 0.07 0.12 0.13 0.20

bl Joe g)lal O Slonds Sluogas ¥ Jso
Table 2. Chemical properties of the irrigation water used in the experiment

S0O,” HCO3 CO;? Cl Ca K Na EC PH
(mg.I") (mg.I") (mg.I") (mg.I") (mg.I") (mg.I") (mg.I") (mg.I") (ds.m™)
550.5 159 0/0 435.3 241.6 400 2.74 152 27 7.2
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Table 3. Meteorological statistics of the Agricultural Research Station of Zanjan University during the crop year 2017

Meteorological parameter May June July August September
Rainfall (mm) 0.01 111 5.00 0.00 0.02
Average temperature (°C) 22.94 25.71 27.68 24.79 15.73
Minimum temperature (°C) 11.29 16.8 17.61 14.68 7.89
Maximum temperature ("C) 32.47 33.96 36.82 35.12 25.05




sov VWAA 5l ¥ 8Les B0 5,90 ool SLEL psle

POX) Ty w3l codlad s g JagSs o5 il
A gSoilail JeSLE ooleim 3l eslasl L
53 JSSLE padannS ol bl Qi l B
ey A5 Vo Soeay gl YVe zsesb
S rogidy Sl bgya  Units.gt FW.min™
oo ;3 (UV-6505 Jos JENWAY yiegids 2
.(Chance & Maehly,1955) a.is (s uSojlil olSiles]
lzd CAT) WS aupl clld o pSojladl ol
5 Sl VEo zoedsh (55, yiegids il olfiws
oot Al my Sloj alold b g aids SO ey e
@l mz b STy Lol jl ladiges 233 sl o
w2l e See YAee (gol> ;g )See VAT
VO 5 Oigpe denSTy 7y S V0 (Dlid il
o aio ool Sy aspil ojlae g S
O fegli VE e zaasb j0 o hals L 4]
ab ol ool o)las 0 ufign 05 e il s
.(Cakmak & Horst, 1991)

bwgie ()39 5 0 Sles b3l jslaiear Culgs o
o5 Jims ol b cllon 5l ey iy,
WSS lawgio )9 D (59 (EK30001  Juw)
S8 53 pSekS Sygot IS 3 Shee 5 05 O jg0n
VRS

SAS VO l3ile 5 5l aslizasl b Lol (sloools U1
glasels wiz ggel Bk 5l laosls (xSl anlia
o259 5 9590 G0 gy 9 Ko w0 S
s 3

o 9 @b
Slas ol plas e ol 5l sdslewsa bl
A e Slao aes p o6kl it gl
(JB lgize p )l sne Sl S SUSY (pizen
WOy lade (SlaST Tl sl
Gl 3l clad 5y Ol eailendl 5 (cons Slgia
ol Blie 1 .cails 5 Slas g jlagST, o VGBI
(JB Gl 2leS 5 g el SLSY ilise
ShaeSTy s Y slap sl cudled waseidls
30 0,8des 9 I ol onilendl ¢ SlanST ool codled

2oy ) o j0 s lgioe g g o0 O e

Sy 2l i Glime oy g pSejlal ol
s FW) o3 oS,y 5l 0,5 Sy laz (RWC)
Ol gy celo Y G 1) S 5 s 005
oS et 039 9 03,5 (39 0)kgs 03,5 gabogé jlaike
T Soeds ) S colys jo ab g 50;lul (TW)
ools 1,8 o5 il a0 Ve sles b sl 4950 el
ol 50 035 i OW) Sy S (5 9 0
aloms (F) aba, 5l ool b 5y o s (glsine
(Hanson & Hitz, 1982) x5 5

(FW-DW)

(TW-DW)
ELWR)) Sy ol ol oliee s sl

RWC (%) = X+ )

SIS 5 op 5ole> «( Excised Leaf Water Retention
FW) 5 (39 5 oad yglanz slalejl axly o
o YO) Gl glos o0 e S (6 Sojlul
Ol 059 199me 5 (5,55 ceeles VY aedy (ol 5 il
ELWR laie (&) abal, 5l ooliiul b g (WL) 08 (paess
(Lonbani & Arzani, 2011) o acwl>xe

ELWR = [1-(FW-WL)/ FW]x100 ©®)

ladigas sl )5 10 S dgn 603l (sl
¥ Skedlogtlons el i des Ve 0 5 S n
90 b Blo sanlunsds ojlac g ol (Ked oy
99 4 el Sl e 99 9 Sl ol i) e
Jslwo s adlol o Glo ojlas ol 51 52 L
slos 10 5 Ol plem o el G aedy odelussdy
Sle ol 5l e i ool Y13 g ax o Ve
St S 09> Gialesl sleals) (iaSTy (bl
o 5 ke far s 45 5
Sl oolizal L sl o ladiges oyl ulalé s ails
£ 2 eSSk w2 Gddon Wise Glaclile
(Bates et al., 1973) o awlrs 5 59
2 25 diged 05 S aril olae ai sl
i kty i il B ke
A ol ey 45 (PHET) Ve Lo Y+ - (NaKPi)
o las s 285 plxil & o gl peal oo ples
Sz los jodads 10,50 V0 o+ Laddo Ve S
Jobre (@Yl Ceond da Sy sl o S Ul 4z
azp =Y gloo b sapd o gl il ojlae olyiea



e eodld « S3gden 8 Sliogas 1 pedSOLSY b Jole i) Kan 5 Sl sOf

ol s sl 5 (A USE) wii oaslie
1 56b it S LSY s 0,8 VO 0,8
Sl o 5o baid 5 codls S adgidls jlade
Sl gre S i 0 65 VO maw b oo V-
O-B S ol ola

Slacdplis | (55 05,8 Jals Joib LS
55 5| SlounS] T olgs 4 situn oLS jo 44l
0diS  Glaedy OloS sl s e las
30 HlS st o g 00,5 oo ol31 slo G0,
(Rimmer, 2006) Wgd oo suslonS sl 25 ol p
s pS lped Sn 0 3szse slaadgidle
sl oty plls g aiS o Jes o1 sl S,
Oegred WS g Cdddlxe  gslalST gle s
soba SheSIil 8 ks Ldsar beadsisdls
ssba by bl Gy jo (ads)ly b it
o wle oal 0 SANS alwgds el yué
(Schallaer & Kieber, 2002) 54 o gslans]

Slyme g Lad g)lwly Gasls g ol s
(0 5 F sl suz) cuilas gyl cime 13l Ol s

S5 S g asdgigdld
G5 Jleel daosls il ly ayie @S 4 4z L
1) S 0 adgidls g Jib (slgiome (5 o sima jebar SIS
Dl el @undSOUSY 0, )5 yizren wls i3l
O J5a 9 F Jouz) oS JS J3 g adgidle lade
aS ol las bosls (. Slbe awslie 3l Jol> b
el (lS Sp s S5 S e (n i
Sie s ion g yid 10 8,8 VO pendSOLSY L o
boad (2l Jsle (LS Sy 5o cod S algigdls
Lls cos il 0 08 VO g o IVO S lisY
azgi b.() JS8) wl ol ‘_SJ s as,e Ve bl
o925 b oolal alire lojlos ulyl o @l &
S SSY 3l Jyloa U S 5 slyie ol
Sl gre Oyl pandSOlSY e slocdale

SHlelnS Ll s cos 9alS oyl pud g cou ] (Sl 6T by mueadSSLSY 31 il lg 4520 F oo
Table 4. Variance analysis of effect of calcium lactate on enzymatic and non-enzymatic antioxidant activity in lettuce under
deficit irrigation

Mean of Squares

SOV af Phenol ~ Flavonoids  Antioxidant activity Proline CAT activity ~ POX activity
Replacation 2 0.002 0.3083 16.7254 0.1025 0.0577 0.003
Irrigation 2 61878  11.9323" 132.4716™ 15.3456™ 1.9531" 0.851"
Error (a) 4 01352 0.3306 23.524 0.371 0.0094 0.0018
Calcium lactate 2 1.0575"  24.2656™ 318.416™ 6.7774"™ 0.7021™ 0.052"
Calcium lactate x Irrigation 4 0.4755" 1.1492" 43.0049" 1.3735™ 0.0751" 0.0302"
Error (b) 12 01211 0.3384 9.6861 0.1483 0.023 0.0084
Coefficient of Variation (%) - 2.31 419 3.73 3.9 8.87 16.93

Ao )3) 50 Jliol mlaw jo s s BB 5 lo e BT 005 st g 5 NS

ns,*,**: Non significant, Significant at 5 and 1% of probability levels, respectively.
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Table 5. Variance analysis of effect of calcium lactate on physiological characteristics in lettuce under deficit irrigation

S.0ov df

Mean of Squares

Yield ELWR RWC Membrane stability index

Replacation 2 206838.82 23.6771 8.6149 27341
Irrigation 2 21349043.15™ 238.2608" 42.7998" 29.1756"

Error (a) 4 83934.71 14.1064 9.0367 7.3687

Calcium lactate 2 6105376.18" 420.1241™  186.6916" 2.052™
Calcium lactate x Irrigation 4 413961.66 29.6617" 1.3029" 0.2965™

Error (b) 12 101407.46 6.1765 9.3237 7.0076
Coefficient of Variation (%) - 2.82 34 39 334

Ao )3) 50 Jliol o jo s pae BB g lo e OS] 045

ns,*,**: Non significant, Significant at 5 and 1% of probability levels, respectively.
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Figure 1. Effect of calcium lactate on Total phenol (A) and Flavonoids (B) contents of lettuce under deficit irrigation
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Figure 2. Effect of calcium lactate on Antioxidant activity of lettuce under deficit irrigation
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Figure 3. Effect of calcium lactate on Excised leaf water retention content of lettuce under deficit irrigation
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Figure 8. Effect of calcium lactate on yield of lettuce under deficit irrigation
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Table 5. Correlation between physiological characteristics and antioxidant activity of lettuce under deficit irrigation

£ & 2 2
Attributes 52 S ) S < < L
= o & 25 3 & £ L x >
< = o 4
MSI 1
ELWR 0.383"
RWC 0.443" 0.686" 1
Antioxidant activity -0.248™  0.263™  0.380™ 1
Flavonoids -0.234™  0.041™ 0.181™ 0.714™ 1
Phenol -0.4117  -0.142"™  -0.090™  0.465" 0.553" 1
Proline -0.214™  0.039™ 0.109™ 0.449" 0.540” 0.725" 1
CAT activity -0.440"  -0.035™ 0.030® 0.560" 0.624°  0.8177 0.8947 1
POX activity -0.376™  -0.344™ -0.140™ 05207 0.678" 0.7897 0.7737 0.824” 1
Yield 0.5287 0.802” 0.6307 -0.050™ -0.210® -0.5137 -0.398" -0.440" -0.704" 1

aoy0) 50 Jlaaml mhas (ol poe BT 5 o sixe BB g5 e 5 % NS
ns,*,**: Non significant, Significant at 5 and 1% of probability levels, respectively.
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