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Effects of Postharvest Nano Calcium and Benzyl Adenine Application on
Physicochemical Properties of Chrysanthemum Cut Flowers
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Fig. 1. Simple effect of Nano calcium storage period in benzyl adenine on weight loss (A and B) and water
absorption (C and D) in chrysanthemum cut flowers stored at ambient temperature. The storage period
consists of four times: day one (T1), day 4 (T2), day 8 (T3) and day 12 (T4). Nano-calcium contains
three concentrations: 0 (Ca0), 2 g L (Ca2) and 4 g L (Cad). Benzyl adenine contains three
concentrations: zero (BAQ), 20 mg L (BA20) and 40 mg L* (BA40). Similar letters indicate no
significant difference in probability level of 5% using Duncan's test. The vertical index above the
columns represents a standard deviation.
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Fig. 2. Simple effect of storage period (A) and Nano calcium (B) on the number of bacteria in chrysanthemum cut
flowers stored at ambient temperature. Storage period consists of three times: day 4 (T2), day 8 (T3) and
day 12 (T4). Nano-calcium contains three concentrations: 0 (Ca0), 2 g L (Ca2) and 4 g L™ (Ca4). Similar
letters indicate no significant difference in probability level of 5% using Duncan's test. The vertical index
above the columns represents a standard deviation.
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Fig.3. Effect of storage period and Nano calcium (a) and benzyl adenine in Nano calcium (B) on electrolyte
leakage percentage in chrysanthemum cut flowers stored at ambient temperature. Matched letters
indicate no significant difference in probability level of 5% using Duncan's test. The storage period
consists of four times: day one (T1), day 4 (T2), day 8 (T3) and day 12 (T4). Nano-calcium contains
three concentrations: 0 (Ca0), 2 g L? (Ca2) and 4 g L (Ca4). Benzyl adenine contains three
concentrations: zero (BAO), 20 mg L (BA20) and 40 mg L (BA40). Similar letters indicate no
significant difference in probability level of 5% using Duncan's test. The vertical index above the
columns represents a standard deviation.
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F) on the amount of leaf chlorophyll in chrysanthemum cut flowers stored at ambient temperature. Nano-
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of four times: day one (T1), day 4 (T2), day 8 (T3) and day 12 (T4). Similar letters indicate no significant
difference in probability level of 5% using Duncan's test. The vertical index above the columns
represents a standard deviation.

L5 5 53 5 Ja)lS e 2 (0-5-0) 03l s 53 el GiSon s 5 () (505 0,90 ool I -F S
2 eSS ¥ 5(Ca2) 2t 06,5 Y (CA0) yaw :clale du Jolis pudS 5l Lammo (Lo 10 oo (5 lagSS (5055l Gy
(BA4D) ;) 1o o5 o T+ 5 (BA20) ;o) 5 0.5 Lo Vo «(BAD) ,au :clale aw Jolis ool Jjo (Cad) ol
(T4) w233l55 55, 5 (T3) i 55, «(T2) pylez 59, «(TL) sl 59, 10k ez Jols (55l 00

Yo


https://dor.isc.ac/dor/20.1001.1.16807154.1402.24.1.3.8
http://journal-irshs.ir/article-1-558-en.html

[ Downloaded from journal-irshs.ir on 2025-12-06 ]

[ DOR: 20.1001.1.16807154.1402.24.1.3.8 ]

Ohles 5 850500

m CaOBAO mCaOBA20 m CaOBA40
1000 o m Ca2BAO Ca2BA20 m Ca2BA40
] Ca4BAO m Ca4BA20 m Ca4BA40

Cy

(=)

3 500
%
-
T g

8 0

35

O

Fig.5. Effect of Nano calcium and benzyl adenine on the amount of leaf carotenoids in chrysanthemum cut flowers
during storage at ambient temperature. The storage period consists of four times: day one (T1), day 4 (T2),
day 8 (T3) and day 12 (T4). Nano-calcium contains three concentrations: 0 (Ca0), 2g L* (Ca2)and 4 g L-
1 (Ca4). Benzyl adenine contains three concentrations: zero (BAO), 20 mg L* (BA20) and 40 mg L™
(BA40). Similar letters indicate no significant difference in probability level of 5% using Duncan's test.
The vertical index above the columns represents a standard deviation.

0y lapmme (slad ;3 (5,le% 0,55 (b 355l (G 4L S )0 S w58 Gliee ol by g Sl ST -0 S5
il ol oS s (TA) mo33l9 595 5 (T3) w2 59, «(T2) p)ler 59, «T1) Jol 59, :0ke; e ol 6l
sl o a5 e Yo «(BAD) jio rodale aw Jolis ool Joju(Cad) il 1o 0,5 F 5 (Ca2) wd 005 Y (Ca0) a0
oy O Jleiz] o jo jlo sse BB 0929 pae (goains Lis luws By > (BA40) ;iJ o6 5 Lo - 5 (BA20)
el 3 ili] glas G5y Loy YU (goges ol sl e SIS Geeyl 5l eslizal b

ST T cdlad 3 udgighld Jgid (slgsino
Sl jo ad ls gime oy ol 40 WP 5 JiB (e p ol b 5 eeaedS (6 )10e S 0)90 [iiSen
Ol 18 5yl o 905 Lo 53 052 4l ghme duoyd Ko s o JlanST T Elad woy0 s (610055 0y90 5l Lo
Obey crl 5o 9 Sl 2ol bajled den )3 Job e 55l 59, Sz 5l o 3,5 odeline (gl ime ST Joib
ol ) Js lree (noml 5 0l a4 g0 VY BT L vl g 5 o 08 oo Vo ol i e
Sladiges plo g (o2al5 %) 2l @ il 50 £ 93 Sl 5 S Bl WBB (slolas )3 o2 (liee aslal o il
e 5V i) 0 55 39 el ol 5 paadS il A3 sl les o 2l )0 5 QLB 33l Wi el il b ot Lo
pedS 50 L ol e g ol 4 s o )8 (o Vo sl st jled ()5 090 slegil o plowil s isls las 1) Jgd
asls i |y Jgid oliee Vb yid 5o 05 (oo §o ol s+ 5l j0 08 ez meadSeil Jlos 5 5 0 05 oz
Lol i 6, 10455 030 Eard e 50 Aiaigd lpme ,a5 5 S5 oo smlie o IS o a5 slailen (il F JSL)
5 ko Gl cplas wols plas |y cials wig, b les ded 6,l045 39, Lz 5l G 0l 3529 (5)l0 sie BB
BeIhe FEN -+ b o Jade o5 6)gSi VF 55, 50 s o sine yiad 15 o5 ¥ waelS gl b ot Lo (sladiges
99 ol 36 i 10 0,5 Lo Fr g Vo ol s slajlesd 10 oS s sl 4 s LS ao o YVIV e 5 FAIY
Sl 6155 090 Sl 5o el 0,8 ssmlive o o 05 (oo Yo (ol s Lelyen 5 (e 4 2 0 05
Al ols plas ] adgiedd (liee (n YL sl a4y S 2l VIVE ST (ol & 5 jo 0 S (e Vo ol 5o
SRl ()l 595 ez 3l ST T e i aalol )3 g ad oaslice Jsl 5, 50 ST T Colad vy
05 sl 55 blh (zF S se il ShaeST 5T alled a0 g, (6,005 090 bl b aslol Lo g il
e 5 55,5 on ST ol Gl 4 e o5 08,5 S 1y gl sloclpie i o] s
55 ool Jiste 98 (Vo) e g a3l i 5o slaplannST 5T 51 (e plsieas a1, (Lagdsighhs alez 5 Lo 58y
Yozl 5955 (oo 233l 5 Joid o5 4 bgapo sla 51 5 Sl (6l jnne (8 Jld o (ol il )3 coiS anne
55 a5 s 5 S o 3 45 a5 g i b i ol i, (slaosisS oliss L i
aS 850,555 (V) oLes g swlie (imgh onl o odwel Cews 4 i b Gillae (YY) &S oo psd 5ud aiylo &8 00

\itd


https://dor.isc.ac/dor/20.1001.1.16807154.1402.24.1.3.8
http://journal-irshs.ir/article-1-558-en.html

[ Downloaded from journal-irshs.ir on 2025-12-06 ]

[ DOR: 20.1001.1.16807154.1402.24.1.3.8 ]

Orize 00,5 00 (5,55 oy e (b 5 el Sy als S o S 0l (s5ime g el ol s 08
oS waii cpl o p 5 (OY) 0l Job slacaS 5 jlade La> cow Jald ol jo ool iy ol 500 R 50
02335 oLS ol GlaS S jo oS T Cudlad 5 adgigdé « J5id slaceS 5 Jlade (ial33l s Lo dden S 0 0,
O o ead (bl Jeloee Jalb sladig jo l) Jgid slacoS 5 jlake sied;)l oS5 (ol 005 iz (04) cl

V) ols aalially Sl S
m CaOBAO m CaOBA20 CaOBA40

I
B Ca2BA0 M Ca2BA20 M Ca2BA40
g 300 o . A Ca4BAO M CadBA20 [ Ca4BA40
% o ) ) @ )
1 : @ ) o |
S 200 Ealﬂ_}’himgn; ngm ¢.°’w__ A o
=5 ! [ ; - ng rP -
12 B == --.—:lrJ_--DBg- “ 53 < =~ 3'_3—~i =
=5 Q 1 55353 4 7 , T
g 100 14 1353 o T e
= I
S 0
=
o
m CaOBAO mCaOBA20 m CaOBA40
- m Ca2BA0 Ca2BA20 m Ca2BA40
ElOO g o o o B i Cad4BAO mCadBA20 m CadBA40
e} gl) ] [l ) 6_ ) T
0] + 9 Q09T » < oo
2 TIiTgecd o Tgvo ThHa2 g
9 o [ =~ J_ I = I §* o
N D 1 > _. o9 3
5’7 E 0 r T = TrTT TH7% I
= - : -
S
3
r o
T1 T2 - T3 T4
&)1e55 0590
Storage Time
;\;,\ 100 . z
> 9% C
9 2
3 % 9 h B
A< g5 .
3 € C
4 S 80
X
S 75
[y
< 70
T1 T2 T3 T4

Sl 0599
Stoarge Time

Fig. 6. Effect of Nano calcium and benzyl adenine on phenol (ﬁ), flavonoid (B) and simple etfect of storage
Ferlod on antioxidant activity (C) of leaves in chrysanthemum cut flowers_during stor_a}%e at ambient
emperature. The storage period consists of four times: day one (Tl)1 d%y 4(T2),day 8 { and day 12
(T4) .Nano calcium contains three concentrations: 0 (c:ao%ig L aZJ and 4 9_5_ (Cad). Benzyl
adenine cgntains three concentrations: zero (BAO), 20 mg L % A20) and 40 mg L™ (BA40). Similar
letters indicate no significant difference in probahility level of 5% using Duncan's test. The vertical

index above the columns represents a standard deviation.

S (@) STl clad (6,045 0590 00l 5l 5 (0) 953 () 5 liee 2 ol i3t 5 oandS 53l 51 -8 U
eolez 595 T Jsl 53, 20k Jlaz Jold (65laeS5 090 armme (glod ;o (5)laS5 090 (b (gog5ls (v 4l S5 )0
25 ¥ 5Ca2) 1) 0 05 Y (Ca0) yio obalé ds ol adS il (TA) a05lso 59, 5 (T3) pitn 55, (T2)
(BAAD) ] 5 6,85 Lo Fo 5 (BA20) jid o p,5 Lo Vo «(BAD) jao :clale aw Jolis opsol Jojo (Cad) )
ol sl e SSlo Q}A)'T Sloslaiwl b oo 0 8 Jloiol mhaw )8 s pxe OIS 0929 pac (godims Lis lues g ,>

el ot glas 8 pee la gt YL (5050s

YV


https://dor.isc.ac/dor/20.1001.1.16807154.1402.24.1.3.8
http://journal-irshs.ir/article-1-558-en.html

[ Downloaded from journal-irshs.ir on 2025-12-06 ]

[ DOR: 20.1001.1.16807154.1402.24.1.3.8 ]

Ohles 5 850500

S

Gy OBl 5o (2l Wy eghy asbl e g ais sasliv (gl pxe IS o jlerd i (55l 090 £9,0 5o
ool eyt id 50 005 ¥ enlSl 5 52 g0 05 oo Yo ool st lojlesd )5 p)lez 9y 50 ) svaline
RS ake Ve ool dazs jled IMSNY 5 A g, 50 (izean iols (LS | (g )5k ot il 50 )5 (e ¥
AV JS8) wisls polaisl ogs a1y (i, lik 00 5L 2]

@yl JB ol cdS g () S L IS s 4 g 35800 (e (Al Jilge bang Jpame Sy SodS
WSl 9 S ) dle (Blo g cwlis plioniul (Job (S ke 5 S8 il (5 55 Jult S (o215 CodsS ool
@S b bl yen il ol Db Goizan § S g beadle oS (59 5 Jols Guizman 5 omly Gl 2 (So 0 42,0
Sy als b S 0l gim sl B aladl Ojse a ol b oI5 (Giegh cpl 0 sael Cuns 4 (g0l 5L
S |y oS 6 Bile sl L (F0) 1o, oS ol il 5y yoe Gial3él o 5 Il Ggn 4 ponsi]
oeme OV F) aas Ll Se et el g slad and arwlonSTy S50 g arsl slid gyl anwg aliwg ol
Lol a5 wigd 5 (S0 5 S @ e wilgion Gl ads b ol sla sl )3 99290 las 5SL 5l (A 0
s 45 Wl a3l Lol s Lsle oSy st 4 b ey 015 Sy a5LE IS CorS g giiamy 3l b paiians
Sl cerge (a1 5T glam 3T ils a5 JUb L (90590 0l (FF) 00 S o Jedg 15 i § S5 (65 50 25U
5 Okl Ol GRLS (i S pos 1S 0lge JUEl g 0l 50 (ol Ji Sl 4 az g b adly 0 (V) 005 o Lad
() Sl ogpein oy a3l Sla S oS Rl 0 ole cnl (A (aLS 0l pelass

Ca0BAD —T1
10 - T2
= T3
= T4
= \ . | ca0BA40

-

-
I
.,

gy I
J"1i|l‘ll“

Wt
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stored at ambient temperature for 12 days.
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Effects of Postharvest Nano Calcium and Benzyl Adenine Application On
Physicochemical Properties of Chrysanthemum Cut Flowers

R. Mahmoudzehi, R. Etemidpour* and N. Ghorbani?

Chrysanthemum is one of the most important ornamental plants in the world and post-harvest
studies on this valuable flower will improve its quality and marketability. In this study, the
effects of preservative solutions containing Nano calcium (0, 2 and 4 g L™%) and benzyl adenine
(0, 20 and 40 mg L) and the combined effect of two treatments in a factorial experiment in the
form of a complete design randomized study with three replications to maintain the quality and
increase the life of the chrysanthemum at room temperature (20-22 ° C) and relative humidity
between 60 and 70% was investigated. The results showed that the treatment of benzyl adenine
20 mg L' maintained higher marketability in cut flowers, chrysanthemum through reduced
weight loss and increased water absorption. Treatment with concentrations of 4 g L™ Nano
calcium showed 66% difference in bacteria less than the control, respectively, and its
combination with treatment with benzyl adenine had positive effects on the preservation of the
main pigments of photosynthesis, phenol and flavonoids. In general, according to the results
obtained in this study, the treatment of 20 mg L™ benzyl adenine and 2 g L Nano calcium in
comparison with the control and other treatments is recommended to maintain quality and
increase the shelf life of chrysanthemums cut flower.
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