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The effect of foliar application of three calcium compounds on the calcium concentration

of pistachio seedlings under controlled conditions in hydroponic cultivation
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Abstract

Calcium is one of the most important minerals that plays a very important role in resistance to plant pests and diseases, especially
in pistachio trees. One of the accumulation sites of this element is the plant cell wall. The presence of calcium pectate in the cell wall is
essential for plant survival. Lack of calcium in pistachio fruit causes the Endocarp Lesion in early May during the millet stage and when
the fruit is growing. Calcium spraying is one of the strategies used by farmers to eliminate the Endocarp Lesion that has become prevalent
in recent years. In this regard, various calcium compounds including various chelates and calcium fertilizers are used. In this research, the
effect of foliar spraying of three calcium-containing compounds (calcium acetate, calcium chelate, and calcium nitrate) on the concentra-
tion of calcium, magnesium, and phosphorus in the aerial and root parts, as well as two growth factors, including the height and diameter of
pistachio seedlings, in two bases of Qazvini and Badami Zarand were investigated. In order to control the nutritional conditions of the plant,
pistachio seeds were planted in hydroponic substrate and complete nutrient solution without calcium was used. The data were statistically
analyzed in a completely randomized statistical design with the help of Duncan test. The results showed that foliar application of different
calcium-containing compounds had no significant effect on calcium concentration of pistachio seedlings. However, the use of calcium
in the nutrient solution of the culture medium and also the type of cultivar had a significant effect on the calcium concentration in the
plant. Also, foliar application of calcium acetate caused a significant increase in phosphorus concentration in the plant. It seems that foliar
application of calcium acetate probably increased phosphorus uptake due to its acidic nature. The results showed that the spraying of
different calcium compounds had no significant effect on the calcium concentration of pistachio seedlings. However, the use of calcium
element in the nutrient solution of the culture medium and also the type of cultivar were significantly effective on the concentration of
calcium in the plant. Also, calcium acetate spraying caused a significant increase in phosphorus concentration in the plant.

Keywords: Calcium, Foliar application, Hydroponic, Pistachio seedlings.

marieh_nadi@yaho0.com :J s odiws 5


https://rhsj.areeo.ac.ir/
https://rhsj.areeo.ac.ir/article_131921.html
https://rhsj.areeo.ac.ir/article_131921.html

1€ oGy g jles | o)laids W sla (,30L€0 eole )» Jhagy alas

338 gr o5 53 SY g il LS
bl Carge o 2 edST 5508 (e by
Bitter) o (b S ol 4 pld ws)le
313 L3 4 ) e oS S2alS &S 555 o (pit
asyle 4o V_WK o (Jemric et al., 2016)
(S £l Y g 53 o8 St sy
Sl 0 A6 5 gy p 5 A3 5 Jalb Olmesly
o S 3 sl p (Taylor and Locascio, 2004)
cmﬁsgﬂfu:;:@,;z,gfw\mgmm)
03 (heind 55 .8l 2alS OT 5 g sl ciS
b olse g o OL53 2 (A skme 51 Ol
cr:mlf Sl fols )Ism,.Lf OS5 5 bghses
DA o o5 pelS SN 5 dS IS
Hid s & 313 0L G ol mls 23S
5 o5 055 oube o Shes slajles .
awlis jesli g andenl (Jaee Oldal> Clale
o ol bl 5t cals b s o
rrelS o (6 (Sl (sl o Ba )
5 sy sdie sl ol Sl 6t e (gl
o R sy Jldn dald Ol ) 4 o
JRCRPOUN g TP SN P PP PRI
'Cl.:&l ol Sl e g dmily (g Rie Al
OLS 5 Bl g5y pedST s Ll
G b (G5luo 53 3l e e 43 3gge sl
Sl 1y 0 gee Cubls 3l ey (S sy Lol (B
S ) T o S 0 (6 ol (glas 5 51
Wojcik and) Lus Jase 135 ke Jul oo Iy
.(Borowik, 2013
RS g S PR eelS ey e e
SRSy ST 5 sl oS s gosd LA
Lows )3 puiie 5 e Ll jole (S Coen

Kaya et al.,) Sl ods dub 5 cw) oS 4l

doNdo —)
WS Gospe pobe I S Olgea wndS
IS5 o Ml 550 4 5o sk D3
13 g 5 bogee 53 OVl 5o 50
L LT Bl G b 5 bose o
2> e bl bdghe (e Gl Ll 2
reelS SO g 5oL A Ole ol 5o L LU
Sl e S sbolaely Olses
S e &5 Ulssa edS (5 psh i
Saddsd 5 Jobe ool Ol Ols s
e 5T b ediS'J 28 omen 5 Jsho slis
5 eSS 0l DL Ol o ot i
ol Sl B oS S (63 5umb 53 5aS
S S0 kb el Gl gy A J s
et (6 oy i o7 303 OLES 0 g0 Oy 5 5
Sosba (el dily S3L 55 ldST CasBse
S alizes (gla a4l V'"‘“K Oljae sl 3l &S
Cllw 5 Jds S Ol (o n (et Ails
O 53l (Poovaiah, 1986) das oo o | slis
A Gl Ol o 51 Os syl (1AVA)
Joor S s DS sl F 00 s
3508 WMo 51, (LS (slail s s 558
Szl (51 S el 35T ok &y oS
@ .l g0 clid s sk o)lgs 5 Shes
(oo i 3 dST 2B el Ol o 5 4
oo 2L (ondS 5508 SN ) g 2 e
e iy el oS Y 033 8 o dIgs Ll
Sl 55 il 4 e ol pl &S s oo i |
eelS Y si o ST G35 5 B lis
o530 S (Sidnss Lol o p Ly
ssba das i ) dns bLGSI s clis S L
Jils 4 oy san JESl el Lig e Jbe

23 puedS” 3 508" (Poovaiah, 1986) 558 ol



(533630)330 CAilS )y oaid J)TS byl €183 awy Jled eaulS CBIE )y )lseamls uS5)3 aw ¢bldolas WG

S ol IS Y gas CiST gla i,
JﬁfchMJJ&\i&J}l’u}\wWIJAJQ
ol 3 eslizal ol ply sl e ol w ks Lol Ja
W5 bl 5568 SWlE s Slid )3 i)
)8 G ) 53 el Al sl g e
I8 Ol s 4 Spasde S8 Lo
SRS 5 i ) S Dol (S ol 385
o3linl J 383 gy p a3 5 Jaes slalls
g5 Hhdsle S (g 2 G (pl e S
5 S NS (@enlS” Dl Julls 0lS S5
s 3 s S ol Bl S S
23 el 3 pde 5 3 Ll s w8
L) ool s B el 90 sy p 4k Laoe

b o

by w9y 9 3lg0 =Y
Ay 0l g3 Sl G1S 3 G oyl
fg Slaydy i el Olreindy Oli g 53 Gl
al Olgea (G) u958 9 B) Lyj olsb 5 92
q?o)'m\ra‘_;u,x_ s Ol andlls 5 ) 40
S S s sl 53 423V Dde 4y s 2l
RS RSV P VSR PPONR
JolS Ol (gl 5 odd wnad o ol Jlada T
5 Sl VP Oe 4 (o o IS gen J gloes
Al o 33 LS ol o Sttty B S
ol 5o 0334l 6l s (AT Lyl 2T
s 0303 13 Jlomde 5 azia S Sde 4 szl
s OIS s layd Skl S w
s olaSy 1 g Ly 8 2t S g5 )oon
e V) 53ls ()5 46 & (HF) JulS™ 1
6lol LOlE 4 el yslas 1, oS s
3 Gpany pole Jali gliE S5l Al
C Jds 4 87 il po (V Jsir) O e

A g phon Bl 68 o i 55 53 ol zg

eSS il e 2 ol 3528
Os S 1 S o gme s 2l L S5 o
5 B by Jaale o35 55 Sl 4y
oS bl el LT s 8 s 2 (Y419) 01 Ses
e S35 3 slos Dlabs (S LS 5
Sl 53 (LBl (g 5 ad g 53 aty sluws T
(S do)d G Ao)s p edS LS 5
.sﬁ)\:@oﬁwoikjgﬂwwp
¢M¢L?4|MQ&;@WJA,>SL§&;>J,>
S adsle 53 i s @elS pais 33 S B
O 551y aila) s & b Sl sl sy
sliie 1) pelS 3508 55 s L ((VFAD
W3 505 Ol g a3 Sltalia gy S as)le
(Sajadian and Hokmabadi, 2011; Sadr et al ., 2019 a)
Oy pohs ol Caliee SLS 551 eslinal

S Cal Saly Sl 5 S o e
o) 3 iy sl ) sladle s OlsleS
O SLS S eslizel L8 e S w4l
Slr ot 5 elS S (7S pudS SlaNS
Sy sk 4 olS 5L s, wdS b
Sajadian and) ! |5 ¢ S| Bl Sas e
SO U ;I s > .(Hokmabadi, 2011
(AT Jol 5 Sen olis pla s g jin 5 gaelS
oslizal asyle ol J S Gl 5K 5 e (S0
@ olie Sl eslizal o sls Ola mls s S
ol w53 s Ll o &GS s )le JialS 4
2 S PSS 4 e 5 e GeeelS
L .(Sadr et al, 2019 b) wxils as,le J xS
SHhd sk Sl QL) Sl (& o5 4 ar 5
Sl s S ode Ooda L N3pndS” (glas S
Sl 3V oS 53 Ks olie Sl (S s S
b ST ray ile Gl B kil 3 5o el
RGN B P RV S T STRRU SR



1€ oGy g jles | o)laids W sla (,30L€0 eole )» Jhagy alas

B oA £61) 50 865 38 05590 yolis cdald -V Jgu>

058 ol Oudee B9y 3K 39 e el el AW OJ9g

0
S R R I T R - IR AL - ey oysy oAy A
- - - - - s - - vwya B

sl S5 ler d(Solution) adST 05
ol b L6 s SIS s s ((Treatment)
Senlizal b e SSls 05037 ¢SS b Salas Sl
33 bl 3BT 5,550 SPSS 5 Excel sla i 5l 05

b S

o g b -F

(¥ Jger) il 425 Jpilr s bl
Sy l3pedS” Cakiee LS5 (SL o
030l 55 g0 (pedS” Sl 25 5 el IS (S
I oodS Sl (sl ome 36 Gl )3
ROEIRPt

(Y pdor) ilisls 4 st s bl
e 5 peedS SLIE Oljs 53 odE gl 5
S oled IS8 el .Cdls g ls gae 1ol
e Jyloes 4 Cd (HF) ol 1de J plons
Chle Il ls s S (H) ol 236
qgwja.w\;ou)wougﬁ}:@)w;
23 Gl sme Sl 50 Wy bl s g sla
Sbls s oS jid 5 o st ST IS O e
) Jsas)

(B) slsl 4l 55 olE (e 5 peelST LU
GG (Y K8 ss i (G) a5 4 S
Fole e 53 6T s Ses cpslas glaaly bl

Al e 2Dl 5o BT Caslae 5 olds

S AL s pais 93 S5l B g5 pais 0n sl
bglone oa b e OT 3 68 Il 51wy
%;;wjl(H)MﬁBdh)ugﬁ..\}.w
3,8 Bl OIS 4 5 4 el e 136 Ll
Ld o e dlale O goas olde lad sloee
Sadsle s wdis Ol 51 595 05 51 ey
3 ‘...w.lf Sl pendST DS Jols )l_sr.:wif
OIS aan 54 Hi5a 55 Y LI b S Sl
Lkd 2] sk HLS 55,0 Aol by u s F s
85k Jouo 51 (H) oS plis)l cole ¥ 38 1 ey
G Jous 55 (D) ilo Jbd 5 25 hast 5l eslizal L
i Sl Jasus ST 51 eslizal L
it oBile)T e 43 ods Cils, OLE
L BlS GalSTL 5 Ous s Sy g ol
Ve G #0 Sl amyn b osT s Cole FA Sk
3 (.jf&*,w.a A 0513 13 geads a5
S 658 55 el 53 g colii S (b ol
cﬁcu‘..::c).xﬂqu a5 00 gbes 3
IS el b edn Gl 5 s S S
<l (Kalra, 1997) as 5, 8o lae Jboj
s 3 e 5 pelS ol e (58050l
Barrows and Simpson,) EDTAL gl 25
Siay ) e chle o, Seslul gl s (1962
s3lizwl (Murphy and Riley, 1962) nwesS,
wl 55 Jols Sl V8 4 by gbeesls s S

3L ge Jsle 93 (Type) L5 5L 9 o958



(533630)330 CAilS )y oaid J)TS byl €183 awy Jled eaulS CBIE )y )lseamls uS5)3 aw ¢bldolas WG

BgA £4 1) jold 395 38 39590 polic cdalé - J9u

s gl b S":"K 35T 4 ys s sl
VS AN vy S Y Slasls
Al sl
¥y e FIYFR " o/+ ¥ s PE/YYY o0 3 2l J s
AN /g AL Y/YOY > 3 shgs
WA VE/AA Y/ F YF/4% - CV%
N g/eb Cla..u 23 13 gme Ol (g yls 4ls gme M| O gs 5 4 s o IS
35 09
3 088
L P 086
% 2 % Q84
i 5 1 082
< < 08
s 078
0 a76
HF . H HE ’
e Jsloee

13 Joloo

Jol 2108 Jalomo 31 oud 403 LS 13 m w0 § st S p Ay 9108 Jglome 30 uaels” 31 o3laRw! S1-1 Kb
(H) poads™ 990 9 (HF)

Abed Jeber and Khaeim,) ,ole ods Oleily
(2019

J513 4 055 5 Sty JT sladead (5 slone
Sladenl Ob o Cor g 5 03,87 Slniy 1) aady)
e Sk el gl 53 8 e aty 530505 JT
RIF ) o8 g i 5 Sl ensw Oy
& (afari and Hadavi, 2012) das
hdgloe oS 5 5, 5 JT ekl
dLise 5 Sl &8 J35 IS olsomn 5
liuer al.,) b oo il 55 ol i g Ol jae OT
Sl ol L eSS 5 S sladsl (1998
S 55 b LB e S 25T
b oS il 51 5 (Delfine et al., 2005) & 55 o0
(ol g T3 53 5L s pole 5 S
e Rl el L5 jind Ll

wl g g Oolite and Al jale 3)ee )
IS8 sls Olis 1) jaed ) gt bl g5
Sl 3 jole Chle 3 (g)ls sae sl (Y
S5y b p228 3550 3 4 okd (LU o
elS Sl ajlog 1) Jde) St
JS8) 35 0 olS Lo 5 b o 131 s
S 3ysm G pny polis o Feger 3 S e (Y
Uil 5 45 55 cagr sl 25 4 LB o OBLS
(Wagar et al., 2004) 5|3 olS (¢35l
Sl S ons 5 Ay 4 5
Sl o sl Cale s 4 Ylaas! 0dS
Ll ST ladnl Gl ol Jaud Ol il 53
@l wds de Syl OLLE Gl 6ol
5 ek 05 S (il e R
GRIB s B ST Sl Sl Gial As



1E W 9l g jlgy | o)ladds W sla (3Ll eole )s phag)y dlas

35

N

(1) paeds il
o

0.88
0.87
0.86

% 0.85

. 0.84

' 083

0.82

0.81

(1)

3

25

1

05

0
G B

ab o8,

(1) s cdale

ols™ Lawgi ol DU ud § ) s el SRS p (B) W) (0f0b 9 (G) (9938 Sldpdy - IS

uli

0.45
0.4
035
03
3025
1 02
2015
0.1
0.05

oL b O30 3 N3peds” S5l b s’ il 30 Jplomo 1T

0.76
0.74
0.72

0.7
0.68
0.66

0.64

0.62
0.6
0.58

0.8

G B

al of,

Control

Ca(No3)2 Ca(C2H502)
soldgle oS 5 ey

CaEDTA



(533630)330 CAilS )y oaid J)TS byl €183 awy Jled eaulS CBIE )y )lseamls uS5)3 aw ¢bldolas WG

White,) 5,8 oo plowl (2Bl T s 1 2|
whoy bl i eSOl ik (1998
el Gladl oo 55 oo lulS Sl a8 ol
el L IS5 S oy et S S
Jlasl codis S5 o )bwlS g oS sla idu o
e SLLT U T s I iy oS
S Lls S ol s Ll s sd e ol
o) sladshe 5l edST el bS5 J s
e s T e 51 pyas) sladsbe b
S5 Jdoa pra sl Gladshe Jous 53 5 555 0
JHIs 4 s AU G b Sl obulS s
b s (oedST Slaay Go b 51 g 5 e J s
(o 0 1) Sy 3 sk 4 (5551 0
White) duy g0 o5 slatisT 4 Culg )5 5 Jame
Js & o i3 > .(and Broadley, 2003
4 poeedS” Jal Bl JalSS JolS” ) sbay sl
et 3 o 5 Dy 5T s Sl on g SlaisT
Nl dsb s ads opl s sl eDhyam
bamaly ) 5 4ty Ll 8L L glad sl G b
reelS Lolia Ll S Ol Jl s e
osb 4 Sad T s Gib Sl g 5T 4
Ll e s s 45 G b e g LB
ali @ ol 5yl {..,45)\45.‘,3 SR 4 e
White and Broad-) s 4% f’"“K YNl slow |
.McLaughlin and Wimmer, 1999 ¢ley, 2003
S il oSG 5 s 51K Ole
S o Iy 2l 0lE b 5 el Ui
awdujuwj‘%wgi?uék)"
Sl nl e 5,8 o plawl 4k Ol (sl ism 5
3 e o DA IS (sl el ST e

Sl s s oliads s 5 O 8

g5 On S SN (b, Slaw s
odalie @b ki 5 g pli)l 5 olde sk
3 by o sl oS ailes () S i
@l JolS sloe (oedST 05 5 JolS Jsloes 55
(F JSK8) sls 0l (6

ol el G5 dsb p Solagme S 85 8 s
I e Gols g Soge 4 (sl 05, 53 e
S bl 4 by s (0 JS) o5 (2535 03,
S G S Jel (SO s s
b al oS sl ol (Y1 9) oS 5 6oL
SO 5 sl slarls bl I ,;
F 05y sy dsb (dlg il Jold w3558
Bl 95 4 S 0, g Sl Syl (WSS
ol Jp e 5 (85

oo Sl Ol gl Sl
() Jgda) Lis sdaline ol 5L gloes sla jles
DS 5 5 s & 5ls 0L Gyl s
2 S gne b andS NS 5 Dbl (il 2
o Jleat @ly 3 5 3,1 kg ST ke
033 2l 65 5 3k sl o b 51 ol 53 S
)y e Go b Sl ST Sder 5L Jlezl 4
0l plol Slalllan ulal 1.3 5y o &) 0 olS
S ) (e Law g S gl Sl S
@l bl 4 o sladisT Gk Sl 5 a5k o
(White and Broadley, 2003) 5,5 » iz
aly) OS5 dsdee g T 4 ST U
gor T o Gl laaty; & Cul bl
JWsl (Clarkson, 1993; White, 2001) 555 o
e L;LMJTWA{@)CL.»;I e ols
3 s (ko) oy T s S o il oo
White) s 54 plail (o s20m) (oMo s
o dsa V.m\f 3,4 > .(and Broadley, 2003
Jst (ol gt 53 0T ol Clle 5 S



1E W 9l g jlgy | o)ladds W sla (3Ll eole )s phag)y dlas

25 0.5
20 0.4
2 15 -}: 03
o) g
E 10 £ 02
g
5 0.1
0 0
HF H HE H
s Jylna e Jolne
S0 Joloxo 3l oud 408 LS 50 gk Jkad 9 Jlg gl p 4l s 2108 Jokome 30 muds” Sl odlitnl Wb -£ IS
(H) pods” 0929 9 (HF) ol
25
20
Q 15
o
E 10
5
0
G B
4l o,

J& W5l onl oolitl 4l w3y £g5 Wb -0 IS

B ol S By (6 S sladlg S o -4

STl 4L L eSS 5 (ahd sl 30 s 4 G ) Jeol S el
s B ks G b 3l b ol B ey 588 Do s b il el ol odae
& ISE S 035 S5 b e S A o

J;451,wp,;.:)‘5)1,_4,:&,‘5,\,;51(.;\8u>w,u,z)wa;ﬁof,uw;-éém&,w,aw

iyl g 35 Sl 0k 200 1 i 8 b dtes LUl

&b
Abed Jeber, B., & Khaeim, H. M. 2019. Effect of foliar application of amino acids, organic acids,

and naphthalene acetic acid on growth and yield traits of wheat. Plant Archives. 19, 824-826.

Barrows, H. L., & Simpson, E. C. 1962. An EDTA method for the direct routine determination of



(533630)330 CAilS )y oaid J)TS byl €183 awy Jled eaulS CBIE )y )lseamls uS5)3 aw ¢bldolas WG
calcium and magnesium in soils and plant tissue. Soil Sci Soc Am J, 26: 443-445.

Clarkson, D. T. 1993. Roots and the delivery of solutes to the xylem. Philosophical Transactions of
the Royal Society of London Series B, 341: 5-17.

Delfine, S., Tognetti, R., Desiderio, E., & Alvino, A. 2005. Effect of foliar application of N and hu-
mic acids on growth and yield of durum wheat. Agron. Sustain. 25: 183-191.

Frost, D. & Kretchman, D. 1989. Calcium deficiency reduces cucumber fruit and seed quality. Jour-
nal of the American Society for Horticultural Science. 114: 552-556.

Hokmabadi, H. 2016. Study of the effects of environment temperature on uptake and movement of
some nutrient element on several commercial pistachio rootstocks. MSc. Thesis on Horticulture,
Shahrood University of Technology, 187 pages.

Jafari, N., & Hadavi, E. 2012. Growth and essential oil yield of Basil (Ocimum basilicum L.) as af-
fected by foliar spray of citric acid and salicylic acid. Z Arznei- Gewurzpfla, 17: 8§0-83.

Jemric, T., Fruk, L., Fruk, M., Radman, S., Sinkovic, L., & Fruk, G. 2016. Bitter pit in apples: pre-and

postharvest factors: A review. Spanish journal of agricultural research, 14: 15.
Kalra'Y 1997. Handbook of reference methods for plant analysis. CRC press.

Kaya, C., Kirnak, H., Higgs, D., & Saltali, K. 2002. Supplementary calcium enhances plant growth
and fruit yield in strawberry cultivars grown at high (NaCl) salinity. Scientia horticulturae, 93:
65-74.

Liu, C., Cooper, R. J., & Bowman, D. C. 1998. Humic acid application affects photosynthesis, root

development, and nutrient content of creeping bentgrass. Hort Science. 33:1023-1025.

Murphy, J., & Riley, J. P. 1962. A modified single solution method for the determination of phosphate
in natural waters. Anal Chim Acta, 27: 31-36.

Poovaiah, B. 1986. Role of calcium in prolonging storage life of fruits and vegetables. Food Technol,
40: 86-89.

McLaughlin, S. B., & Wimmer, R. 1999. Calcium physiology and terrestrial ecosystem processes.
New Phytologist. 142:373-417.

Sadr, S., Mozafari, V., Shirani, H., Alaei, H., & Tajabadi Pour, A. 2019 a. Selection of the most
important features affecting pistachio endocarp lesion problem using artificial intelligence tech-
niques. Scientia horticulturae, 246: 797-804.

Sadr, S., Mozafari, V., Shirani, H., Alaei, H., Tajabadi Pour, A., & Rajabi Behjat, A. 2019 b. Control
of pistachio endocarp lesion by optimizing the concentration of some nutrients using taguchi
method. Scientia horticulturae, 256: 108575.

Sajadian, H. & Hokmabadi, H. 2011. Investigation on effects of calcium nitrate, calcium sulfate (soil
application) and calcium chelate as foliar spray on Endocarp Lesion disorder and some qualitative
characteristics of pistachio nut cv. Akbari. International Journal of Nuts and Related Sciences, 2:
23-28.



1€ oGy g jles | o)laids W sla (,30L€0 eole )» Jhagy alas

Sherafati, A. H., Taherian, M., & Hosseinifard, S. J. 2016. Effect of foliar application of calcium
compounds on the formation and development of pistachio nuts. 9th Congress of Horticultural
Sciences, Ahvaz, Iran.

Simon, E. 1978. The symptoms of calcium deficiency in plants. New Phytologist, 80: 1-15.

Taylor, M. D. & Locascio, S. J. 2004. Blossom-end rot: A calcium deficiency. Journal of Plant Nutri-
tion, 27: 123-139.

Wagar, A., Shahrna, B., Zahir, Z. A., & Arshad, M. 2004. Inoculation with ACC- deaminase contain-
ing rhizobacteria for improving growth and yield of wheat. Pakistan Journal of Agriculture, 41:

119-124.

White, P. J. 1998. Calcium channels in the plasma membrane of root cells. Annals of Botany, 81:
173-183.

White, P. J. 2001. The pathways of calcium movement to the xylem. Journal of Experimental Botany,
52: 891-899.

White, P. J., & Broadley, M. R. 2003. Calcium in plants. Annals of Botany, 92: 487-511.

Wojcik, P., & Borowik, M. 2013. Influence of preharvest sprays of mixture of calcium formate,

calcium acetate, calcium chloride and calcium nitrate on quality and jonagold apple storability.
Journal of Plant Nutrition, 36: 2023-2034.





