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Introduction .
Poinsettia (Euphorbia pulcherrima) from the family Euphorbiaceae is used aS¥potted and cut

flower and has great importance in floriculture industry. Appropriate applicati nutrients
and plant growth regulators has an important role in increasing the quant uality of
crops. The successful application of various nanoplatfoﬂs in mediei er in vitro
conditions has generated some interest in agro- nanotechnolog i ogy holds the

promise of controlled release of agrochemicals and site- ivery to improve
efficient nutrient utilization and enhanced plant growth. N on shows the benefit
of more efficient use and safer handling of pesticides wit re to the environment.
Thus, nanofertilizers can be substituted for conventional ilizers. The role of iron in the
activity of some enzymes such as cagalase, peroxi and cytochrome oxidase has been
i i of many enzymes. The results of
some studies showed that in the absence of mig[o- ts_elements, the activity of some
antioxidant enzymes decreased, which i d sensitivity of plants to
environmental stresses. The use of nano-iron dpriate solution to remove this
problem. Some growth re , paclobutrazol, bayleton and daminozide
reduced the plant growthgGr ornamental plants enhances their overall
quality and marketingCyco portant growth retardants which inhibits
gibberellin bio
reducing compou i 0 |culture industry. The effect of plant growth retardants,
depends@n the time and pplication, concentration, species and varieties type, type

by having a negati on gibberellin structure. Therefore, the present study investigated
the effect of di els of nano-iron fertilizer and different concentrations of cycocel on
growth and development of poinsettia (Euphorbia pulcherrima Willd.).

Materials and Meth
These experiments were carried out based on a randomized completely block design in three
replications to eval he effect of various levels of nano iron chelated fertilizer and cycocel
on growth parameters of Euphorbia pulcherrima. Cuttings with a height of 15 to 20 cm, each
with 3 nodes, were prepared from the mother plant of poinsettia. Cuttings were placed in water
within 24 hours for exudation of latex. Then, cuttings were planted in perlite for rooting. After
rooting (60-65 days), cuttings were transferred into substrates including cocopeat, municipal
compost and soil in ratio of 1:1:1. Poinsettia cuttings were grown in pots. Treatments include
nano-iron fertilizer (0, 0.9, 1.8, 3.6 and 4.5 g I'*) and cycocel (0, 500, 1000, 1500 and 3000 mg
IY). Application of EDTA-based nano-iron chelate as foliar spray was performed on plants at
the beginning of the experiment and 30 days later, as well as the use of cycocel 30 days after
the start of the experiment as foliar spray. Stem height, internode length, node number, root
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length, root number, root volume, leaf number, leaf surface, leaf total chlorophyll content, iron
content in leaf and the number and longevity of bracts were evaluated.
Results and Discussion

Results showed that the least plant height and the most leaf number, root length, root volume,
the number and longevity of bracts were obtained in treatments of 1.8 g I"* nano-iron chelate
without or with the concentration of 1000 mg I* cycocel. In some traits such as root volume
and chlorophyll content, the minimum amount was calculated in the maximum of nano-iron
chelate and cycocel concentrations. Suitable root characters were severely reduced through the
use of 3000 mg I* cycocel. Overall, the most suitable treatment, especially for reduction of
stem height and enhancing some vegetative traits (such as leaf number) amflowering (such as
bract longevity) was 1.8 g I"* nano-iron chelate along with 1000 mg I"* cycoceNySimilar results
were reported in some species. Studies on some ornamental plants have,sho
increasing concentration of cycocel, plant height was reduced. This stu
research studies. The present study shows that cycocel playS@n effectiveyol
weight of the aerial and underground parts of plants, as well as leaf iron an
growth retardants increase the content of cytokinin which lea
chlorophyll.

anging the
rophyll. Plant
ed levels of leaf
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Figure 1- Poinsettia stem cuttings cultured in planting beds containing perlite (le
(right).

and a rooted cutting
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Figure 2- Culfivation of pginse oted cuttings in planting bed containing equal amount of cocopeat, municipal
compost ang field so growth and development. After 3 months (left) and after 6 months (right).
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Table 1- Type of treatments and their symbol. Treatments s n u“*n the next tables. Treatments include
different concentrations of cycocel, nano-iron chelate, and cycoc ther w‘nano- n chelate. Totally, 25 treatments have
Treatment type
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Table 2- Analysis of variance of the effect of different levels of nano-iron chelate fertilizer and different concentrations of cycocel on s

.(pulcherrima

leaf surface and root number in poinsettia (Euphorbia pulcherrima Willd.)

internode length, node number, leaf number,

©la e a0be
MS
Ay y Sl Sy o Sy dlaxs 8,5 dlaws 5,5 3o DR ICHJOVES S VIS
Root number Leaf surface Leaf number Node number Stem height df S.oV
2.07%* 27.90% 221/92%* 65655 67.90ns 4 (N) 5 555
A\
Nano fertilizer (N)
A\
2.77%* 120.13%* 714/89%* 3.83ns ssieh Wy, 428.00% 4 (S) duwsSolo
A\
Cycocel (S)
0.67ns 7.48ns 70%2ns 15.62* 53.40ns 16 NxS
)
0.41 8.38 B 58 62 0.37 35.10 48 skl sllas
A\
Error
7.88 21.36 12.40 17.14 15.19 - (%0) &l yuui5 gy

C.V. (%)

*:

INre ©glli pus ™ oy 0 5 Sy Jlis ] a4 15 e i T A g

*and : there is a significant diffef@nce in the probability level of 1 and 5%, respectively; ": No significant difference

VY



Jgid iy aaiST s (6, E ko 9 3axi 9 Sy IS Judg IS 9 o jlafie iy ) por ey Job Sl (59, JwoSolw e CBLE § o %,su 395 Ltk palie 1 uily g S350 —F Joda (gkelsl
.(Euphorbia pulcherrima)

Table 2- Continued. Analysis of variance of the effect of different levels of nano-iron chelate fertilizer and different concentrations of cycocel ofyroot length, root volume, content of leaf iron and
chlorophyll and number and permanent of bracts in poinsettia (Euphorbia pulcherri il

©la e aSle
MS
Las!y g,E8b Ny GBSy dlaxi IS Jadg S ,luke S g o] lado Ay Job 4,0 [CAJOVES 35 VI8
sl
Bracts Coloured bracts Total chl. Leaf iron Root ¢ S.o.V
longevity number content content volume length df
41.55ns 10.02** 9.26™** 3413.33ns 58.42%* 4 (N) g 555
“ Nano fertilizer
A\ (N)
A\
37.48ns 25.84** 2.4+ 810.00ns 10.48* 4 (S) JosSslo
A\
Cycocel (S)
49.69ns 537.60** 2248.33ns 7.16* 16 N xS
52.27 4.48 1783.11 3.83 48 oivlejl (sllas
Error
12.99 3.09 26.17 12.02 - (%) &y >
C.V. (%)

s b Cglii pus ™ oy 0 9 Sy Jlain ] s 45 415 e i T A g

*and *: there is a significant di ce in the probability level of 1 and 5%, respectively; ": No significant difference
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Table 3- Mean comparison of the effect of different concentrations of cycocel on stem height, internode length, node number, leaf numbe
pulcherrima Willd.)

f surface and root number in poinsettia (Euphorbia

Lo (o il Bl g5 I (e s5Wo) 8,5 yle Jobo 5,5 lass Sy Sl i) S 1 gedanw Ay Sax
Treatments Stem height (cm) Internode length (cm) Node number ‘eaf number eaf surface (cm?) Root number
N1S: 46.43a 3.93a 30.30a 17.88a 8.71a
N1S, 40.41b 4.10a 25.56a 13.98b 7.92b
N1S3 31.04c 3.63a 24.46 24.46a 13.77b 8.52a
N1S4 38.91b 3.33a “ 21.93a 11.64c 7.93b
N1Ss 38.35b 3.06a - 22.86a 10.49c 7.72b
A Y
w23 0 Ui 1, LSD 9051 bawgs dwoy3 0 Jlois ] o A TRAS ¢y p2 3 S o Bg yal

Means followed by the same letter

A\
\“

f(Euphorbia pulcherrima) Jawid iy Ky oS!y g Blailo o slaxi

significant differences at 0.05 level by LSD test.
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Table 3- Continued. Mean comparison of the effect of@ifferent concen f cycocel on root length, root volume, content of leaf iron and chlorophyll and number and permanent of bracts
oinsettia (Euphorbia pulcherrima Willd.)

Lo L) aiy Job 5 o) S 2 ool e o5 ko) S oIS laiie Sy w1 Slaxs LSty g, E il
o o N e & .
Treatments (5 (2 (5 o3 08 Coloured bracts (ias)
Root length Root volu Leaf iron content (mg Total chl. content (mg g* number Bracts longevity
(cm) (ml) 4 F.W.) (day)
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N1S: 15.92abc 1.43a 65.43d 4.23a 8.71a 50.00a

N1S2 15.53c 1.36a 69.96b 4.21a - 7.92b 49.66a
N1Ss 17.33a 1.56a 75.48a 8.52a 58.00a
N1S4 17.04a 1.66a 68.25¢ 7.93b 56.33a
N1Ss 15.62bc 1.40a 63.29¢ 7.72b 55.33a

P93 S yuda By

Means followed by the same letter within each column shows no significa s at 0.05 level by LSD test.
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Table 4- Mean comparison of the effect of different levels of nano-iron chelate fertilizer on st ) , node number, leaf number, leaf surface and root number in poinsettia
A \
B lowd (o i) a8l s f S 2 dlan (2230 o i) S 5 bamw Ay 5 Dl
Treatments Stem height (cm) ‘e‘de le Leaf number Leaf surface (cm?) Root number
NiS: 6108 Mg 31.72bc 13 53abc 7.84c
N2S1 47.80a . 20.84cd 30.47bc 12.84bc 8.01bc
NsS1 46.16a 19.73d 38.40a 15.32a 8.43ab
N4Sy 42.60a 22.23bc 35.86ab 14.31ab 8.67a
NsS: 49.46a 4.33ab 23.47ab 29.27c 11.75¢ 7.85¢C

w3 o0 Wi 1y LS 9051 lawgi o 53 0 Jloiin ] ka5 415 cixe YA 3959 048 ¢(ygins p 40 S pinio B ya

Means followed by the s etter within each column shows no significant differences at 0.05 level by LSD test.
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Table 4- Continued. Mean comparison of the effect of different levels of nano-iron chelate fertilizer on root length, root volume, content o
bracts in poinsettia (Euphorbia pulcherrima Willd.)

f iron and chlorophyll and number and longevity of

Lo Gl aay Jsb e ady e S le) S oal e 205 ska) US Uiy 55 iy STy olass a1, (5,5 ke
o e e > Y. & .
Treatments (e (= (%) ‘ L1 Coloured bracts a))
Root length Root volume Leaf iron content (mg otal chl. number Bracts longevity
(cm) (ml) ) (day)
N1S; 14.16¢ 1.43a 90.86a 5.33bc 50.00a
N2S1 15.63b 1.56a 5‘?‘ 3.63b 6.10ab 55.66a
N3S: 19.39% 2.23a 50,758 4.72a 6.96a 61.33a
NSt 16.83b 1.90a 64.23c “ .87a 6.26ab 61.00a
NsS1 15.43¢ 1.30a W 35 4.87¢ 56.66a
w23 o bl 1 LS&;, i izo YIS 3939 SIS ygim B 1D S o g o
Means followed b“h‘lett wit significant differences at 0.05 level by LSD test.
Euphorbia ) Jgwid o ol gauiv y dlaxi g &y gebaws ¢ r} Lo Job Bl g5 ,) (59, JawgSulw ciliteo gCBIE g o] OIS 9l 395 ilitro pdlie Jiliio p1 puSilo (G lio —0 Jgu
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Table 5- Mean comparison of the effect of different levels of nang-iron chelate fertilizer and different concentrations of cycocel on stem height, internode length, node number, leaf number, leaf
surf

Blod (o silw) a8l s f ) 0,5yl b 8,5 slax S g dlaws (&0 o) S 5 el Ay dlaxi

\V



Treatments Stem height (cm) Internode length (cm) Node number Leaf number Leaf surface (cm?) Root number

N1S: 46.10a 3.93a 30.30a 45.76a 18.34a 8.20a
N1S; 40.16a 4.10a 25.57b 33.43a 14.84a 7.33a
N1S3 30.83a 3.63a 24.46bcd A N 27.00a 12.62a 8.56a

N1Ss 33.96a 3.33a 21.93b-h 10.11a 7.46a
N1Ss 34.06a 3.06a 22.87b-g 11.74a 7.66a
N2S1 47.80a 3.96a 24.30bcd 16.89a 8.76a
N2S2 38.43a 3.30a 32.49 13.89a 8.53a
N;Ss 29.83a 3.03a 24.66a 10.52a 7.76a
N2Ss 37.10a 3.00a Wo7.13a 11.12a 8.36a
\‘%
N2Ss 42.36a 3.03a W 27.00a 11.76a 6.63a
NsS1 46.16a 46.03a 19.55a 8.86a
NsS, 40.20a 40.70a 16.67a 8.10a
NsSs 29.80a : 18.37gh 49.23a 16.22a 8.70a
NsSs 40.16 20.83c-h 26.30a 10.35a 8.10a
N3Ss 37.60a . 22.77b-h 29.73a 12.80a 8.40a
NSy 42.60a 20.30d-h 45.13a 18.91a 9.46a
NS> 43.56a 3.30a 23.33b-e 35.06a 13.73a 8.50a
N4Ss 29.80a 2.60a 22.60b-h 43.63a 16.82a 9.23a

YA



N4S4 40.70a 3.60a 21.67b-h 27.83a 11.04a 7.83a

u
N4Ss 40.20a 3.30a 23.27b-f 8.33a
NsS: 49.46a 4.33a 21.97b-h 8.26a
NsS2 39.66a 3.93a 23.37b-e 7.16a
NsS3 34.93a 3.73a 24.83bc 8.36a
NsSq 42.63a 3.53a 22.90b-f 7.90a
NsSs 37.50a 3.02a 24.30bcd 7.56a
w3 oo Wi 1, LSD (49051 bawgi duo pd “@:.w 5
Means followed by the same letter within each C0|lh sho
Jyd iy (S5 BTy ()5 ilo g 3 9 S 3 JS Judg S g o2l ladle caud s SLCAE 5 (al OWS U 395 cilideo yalie Jililie T (il Gamlio —0 Jga (gaald]

te fertilizer and different concentrations of cycocel on root length, root volume, content of leaf iron and

chlorophyll ael number a ity of bracts in poinsettia (Euphorbia pulcherrima Willd.)
;Lo Filw) aniy Job ) Sy o2l jlade 205 o) JS Judo S lade Ny Sy dlas bS]y Bl
. - > .. & .
Treatments (5 (5 (5 0 e Coloured bracts ss)
Root length Leaf iron content mg Total chl. content (mg/g number Bracts longevity
(cm) ) F.W.) (day)
N1S: 14.46fgh 61.86gh 3.09i-1 7.55a 50.00a
N:S2 13.80h 112.40a 3.46hij 5.55a 49.66a
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N1S3
N1S4
N1Ss
N2S:
N2S2
N2Ss3
N2S4
N2Ss
N3S1
N3S2
N3Ss3
N3Ss
N3Ss
N4S1
NS
N4Ss3
N4S4
N4Ss

NsS1

14.83e-h
13.86gh
13.83h
15.00e-h
15.13e-h
15.03e-h
15.93d-h
17.06¢-9
20.33b
17.16b-f
23.57a
19.93bc
15.93d-h
15.36d-h
16.90c-h
18.00b-e
18.50bcd
15.36d-h

14.43fgh

1.56a
1.66a
1.40a
1.56a
1.60a
1.33a
1.70a
1.53a

2.23a

94.42bc
88.50d
97.17b
52.39k

45.76Im
79.93e
65.26¢

4Jﬂ)n‘
48.000
51.76K

52.98ik

58.77hi
56.40ij

92.33c

2.65Imn
2.95i-m

4.28ef

‘4.85de

u

2.

2.51Imn

3.59ghi

‘§35cd

5.56¢
4.25ef
4.84de
6.39ab

6.61a
2.77k-n
5.77bc
2.82j-n

3.02i-1

.

4.45a
4.15a
5.07a
8.21a
6.50a
4.95a
5.43a
5.40a
9.15a
8.14a
8.20a
4.38a
4.95a
8.02a
6.37a
7.26a
5.05a
4.60a

6.89a

58.00a
56.33a
55.33a
55.66a
56.00
61.00a
56..66a
54.33a
61.33a
62.33a
62.33a
51.00a
52.66a
61.00a
56.00a
50.00a
51.66a
57.00a

56.66a
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NsS2 14.66fgh 1.76a 70.12f 3.52ghi - 4.16a 54.33a

NsSs 15.20e-h 1.53a 86.50d 37ijk 4.49a 54.33a

NsS4 16.96¢-h 1.83a 86.28d 4.15fg 4.15a 50.33a

NsSs 15.90d-h 1.26a 62.83¢ W 2.19n 4.68a 57.00a
w3 oo i 1 LSD (49031 bawgi o yd 0 Jloin] gxdaww 53 15 e SIS] 340 > S puine Bgyo

Means followed by the same letter within each column shows no signific

A\ N
-

Y

.05 level by LSD test.



ano-iron chelate without cycocel, and plant
witho‘ycocel.
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Figure 5- Effect of different treatments on leaf number. Control plant (left) and plant treated with 1.8 g I-* nano-iron
chelate without cycocel.
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Figure 6- Effect of different treatments on&a&umber.
0.9 mg X nano-iron chelate and 500 mg I cy&l, and plan

to left: control plant, plant treated with
ith 1.8 g I! nano-iron chelate without
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