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Table 1- Analysis of the soil used as a growing medium.

Colda
o Disss Sl il L e
H K (ppm) P (ppm) N Soil Sand Silt Clay (%)
P EC PP PP (%) texture (%) (%) y e
(dS m)
7.74 0.55 174 19.7 0.035 Sandy 49.6 24 26.4
clay loam
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Table 2- The variance analysis of the effect of different ratios of nitrogen to potassium on the morphophysiological indices of ornamental kale "Coral F1

Queen'
Sl e S5k -
Mean Squares r e b
wJL:.vJ}:JT JS J:}jls Q:Sjji, gfﬂ J}.l.m W) C\J _)Ja:e ;fﬂ slaws asle Jjb u—i‘jf‘” r\.,b'\ i O &‘}A rl,\.}\ P05 S20 Source of variation
Anth TChl Proline LSS Canopy D.  Leaf No. SL SDW SFW af
| <
0.57 0.007 111 1.23 941 1.23 1.31 21.90 619.20 3 s
Rep
Lo
0.88™ 0.091™ 3.49™ 72.38™ 18.15™ 96.84™ 6.09™ 624.15™ 26058.71™ 9 o
Treat
0.54" 0.04™ 4.80™ 3.49™ 7.38™ 71.03™ 2.86"™ 13.47™ 6025.44™ 2 D3
N
. - " O3
1.30 0.02™ 1.50m 4.87 10.76™ 57.03 0.26™ 10.22™ 676.86"™ 2 :
K
*k *k * * Kk Kk *k d)”}]""“ x r""‘"’l:i
0.10™ 0.05 1.30™ 23.91 11.56 10.11 7.88 223.49 2258.28 4 T
N*K
JJLw J;Uu )J .,\AL\:I
0.57m 0.033 0.06" 0.31m 2.58" 195.06 4.78 371.99 5856.40 1 Control vs.
Others
Uas
0.51 0.146 0.97 6.08 3.43 2.82 1.03 5.73 365.3481 27
Error
22.48 7.98 19.18 20.88 4.21 4.21 7.62 3.79 4.53 CV (%)

LSS: Leaf soluble sugar, TChl: Total chlorophyll, Anth Q: Anthocyanin, Shoot Fresh Weight, SDW: Shoot Dry Weight, SL: Stem Length, Leaf No: Leaf
number. Canopy D: Canopy diameter. **, * and ns indicate significance at 1% and 5% level and non-significance, respectively.

** *and ns indicate significance at 1% and 5% level and non-significance, respectively..c,ls jxs 355 570 5 T 02 ol ine Sl 5 4 NS 5w i
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Table 3- The interaction effect of different concentrations of nitrogen and potassium on the morphological
indices of ornamental kale *Coral F1 Queen.'

S 055 ekl 505 b 053 70
T W%
C Q.SJJ Sldas . " é - é

' slsa el sl G oSk G e Sk
Canopy D. SL
(cm) Leaf No (cm) SDW SFW K N
(9) (9) (mg I (mg I
43.25° 48.008 12.25% 80.622 457502 125
44.00° 44.25P 14.38% 73.30% 416.75% 175 125
43.50° 40.25¢ 14.632 67.70¢ 402.50¢ 225
44.88° 45.00° 13.13%¢ 71.01¢ 479.75% 125
45.00P 43.00°¢ 14.00% 80.852 463.75% 175 175
44.75° 43.75P 14.632 75.79° 465.75% 225
42.75° 37.75° 11.63¢ 70.39% 423.75% 125
44.00° 41.00% 13.13% 72.61°¢ 436.25" 175 225
48.252 40.75% 14.25% 83.372 463.25% 225
dals
39.75°¢ 30.00f 11.38¢ 39.03¢ 202.75¢
Control

2.69 2.44 1.48 3.47 27.73 LSD

N: Nitrogen, K: potassium, SFW: Shoot Fresh Weight, SDW: Shoot Dry Weight, SL: Stem Length, Leaf No:
Leaf Number, Canopy D: Canopy diameter.
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In each column, means with the same letters are not significantly different at P< 5% according to LSD test.
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Table 4- The interaction effect of different concentrations of nitrogen and potassium on the physiological
indices of ornamental kale 'Coral F1 Queen'

ol g5
Anth Q JS Jes s o Jsloes 13 e 05558
((A530 — (¢S5 2 eSSk (65 2 eSSk (65 2 eSSk (e Sk (e S k)
(0.25 % TChl Prolin LSS K N
ABSTIIG  (mgglFW)  (mgglFW)  (mgglFw) (mg 1) (mg 1)
FW)
3.54% 0.84° 5.02bc 12.08 125
3.49% 0.91% 4,630 10.93¢ 175 125
2.75b 1.062 4.43¢ 5.67¢ 225
3.17% 0.99% 4,700 5.80¢ 125
2.59b 1.01% 5.41%¢ 14.60% 175 175
2.77° 1.08° 5.90% 14.18%° 225
3.31% 1.06° 5,290 14.90% 125
2.78b 0.85¢ 5.82%¢ 17.45° 175 225
3.27% 0.84¢ 6.77 7.219 225
dals
4,112 0.59¢ 3.39¢ 15.32%
Control
1.04 0.11 1.43 3.58 LSD

N: Nitrogen, K: potassium, LSS: Leaf soluble sugar, TChl: Total chlorophyll, AnthQ: Anthocyanin.
diea LSD 05037 b 07 Jlaz g 3 Sl e lS LB S e o~ S Jilam sl Gl Sle O i o 3

In each column, means with the same letters are not significantly different at P< 5% according to LSD test.
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Figure 1. Effect of different concentrations of potassium on anthocyanin content (Anth Q = (A530 - (0.25
x AB57)/ g FW)) of ornamental kale leaves 'Coral F1 Queen’. Columns with the same letters are not
significantly different at P< 5% according to LSD test.
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Table 5- Pearson's correlation coefficients between morphological and physiological indicators of
ornamental kale "Coral F1 Queen' under the interaction of different concentrations of nitrogen and

potassium.

LSS Proline Tchl AnthQ SFW SDW SL Leaf No. Canopy D.
Lss 1.000
Proline 0.018 1.000
TChl 0245 0357 ['1000
AnthQ 0050 | -0533 -0.754**  1.000
SFW 0280 O727#  g700% | .0673*  1.000
SDW 0214 07 o575 9508 0.943*  1.000
sL 0434 0429 0512 | -0657* 0517 0540 |'1.000
LeafNo. | -0206 0418 0507 | -0442 0.862** 0830* 0470 ['11000
Canopy D. = -0.444 0843 098 | 0530 (784%* (0823** 0674* 0556 1.000

LSS: Leaf soluble sugar, TChl: Total chlorophyll, Anth Q: Anthocyanin, SFW: Shoot Fresh Weight, SDW: Shoot
Dry Weight, SL: Stem Length, Leaf No: Leaf Number. Canopy D: Canopy diameter.
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= and " indicate significance at 1 and 5% level, respectively.
555 awg A= (Wilson et al., 2010) ol (555,00 YU CoaS b o3 0lS W8 sl 055,50 255 O pae (laaig
s> 0l Lo tlesT (Everaarts & De Moel, 1998) <ol o sl S r o S kS 000 B Y0r ks IS (sl 03550
O35 e o b &S Sl 28l e 5 G131 Sis 5 5 055 i) 0 p S e VO o B 055 25 (2138 L oS
wlmtid:i@\&;}oj)j;;ﬁvﬁ&:ﬂrm B0 51035880 Gpmae SRl b oy oIS 55 s 55 .l puen
o sy e 4 3 oIS A, Glaantli o Wlesls LS K3 alesl 53 penes (Gibson & Whipker, 2003)
claw 8 Jl s ol anly (il 03,5 ke Bl L et by S slass WJbe Ol 4ol 035,55 cale G
53 5 0dd a0 5 Lol (21310 2 e S e V80 B 0550 ke I L lse pluil S 055 5 Ll S
53 OS5y O pme oS Sl 0l Ol men (Cardarelli et al., 2015) ..l caw)&@qw@;gﬁtﬁﬁ YA«
bty SR 0555 ol e 53 GhlT el o (GUHOTMSEN, 1996) 55 o 5 055 el sl Jgoms sy oS
ra 53 o ol s e 0L o8 3L Il 5 055 ety GRIBI L 055 0 SYL sl 5o Ll ZdL sl 5 05
35 0 o2l bl el b cad 0¥ 05520 5 LBl el O35 Jae lp s sl G050 oS i,y

58 algdy 1 WOWVO Cod Ol o olsn (al.)..}l S

=t Bl 9 S5


http://dx.doi.org/10.61186/flowerjournal.8.1.89
https://flowerjournal.ir/article-1-281-en.html

[ Downloaded from flowerjournal.ir on 2025-12-07 ]

[ DOI: 10.61186/flowerjournal.8.1.89 ]

Vet=A DA OV 80Y) s 0lS 5 IS

53 SRl cal s sls (a1 ssde dald 4 cad 1 S sl 1) e S ke VYO e b oslty 5 055 25 e
WY e Slas 3 S shas o ntiy o isls 0L b3l s ol e 01 K255 ple s L oS A2 sdalie SV o sla
x)Ua» .(Boroujerdnia & Ansari, 2007) &oilb 055 20 fﬁjlcs VA e b Sl 5 ad Jol= 035 20 5 s pf)lﬁs
A 53 L enl b (Gllser, 2005) 555 oo S 3l Sl jmie il 53 055580 G aas SRl S ol LS (s
SRS e S e VYO Sl i el 5 05528 sk & S35 D Ol S sliad 5 olS 035 s g5 e B S
el 0l QLS 03 (a5l sl S L o3Il il 5 b

U ooy 5 A 2 p S shen WO s U 0355350 oo 3L Rl 20 a8 e 0 VL B il 5 035,08 e
RSk Yoo Chle oS sl Ol w5 oIS ss 680 s S sl SR Bl dgb 1) e S e YYO sl
S S 3 05555 & 0 S b YOO LYo Lokl 055 SIS immes 5 03 OIS o sy ol 05 20 2
Wl g 2le3T ) i L oS (Gibson & Whipker, 2003) dxils 2 v p S ks V0 o

Joloms 3 Jlie op ity 3L 5l 1) 5 S e WO mhans B il 5 YYO B 035 55 (2l 33 b Sy Jhows A3 liie
A3 e .31 YYOINYO 5 IVOITYO VOV glacns 5 als L (g)ls sme sl 45 35 YYOIVO jlas w0 bg e S
dlie 53 055 7 o dalS 3 s dald 51 2eS ol Calie gl L 0T (S 5 055550 1) e S e VYO o
seu&)\;amjwrﬁ); AL s Sl ol A8 O ae 5 sy Ay SO S b LlS e Al b
(Freyman et al., 1991) &l odis S 3 (gl ialS Col 035 20 ol 58l

RS e WO o 53 Lol Ll 2alS S Jalome 5 e il Slie (B8 L 05550 & e S e VYO s
A p S e YO a3 23l A3 e 5 e S e WO e Ul G pae (11 L 05 A
Al 3l el 0T 5l e bl 5 Gl S a5 Sl 1) e S e WO mhau B el Rl L 55 0355
oS pshas sl s ol R Sl 26 J;\):uﬁg;,ﬂ;,;;ﬁggfwro Tl 02 ety VL shans 55 0 el
L5 ety ol 5 805 (g 1l e e S 3 st g8 Sl ol A3 el 350eS L D L 4y 5 L
Pirie & ) 3503 (i s JUsl 53 5 &S o o | g ol AL jmass 53 OF Cote 18 4 b e il e
01 58 0es ik 5 ety 1085 Comd s Al o SRS Sl 4 el 35008 Sl S 3 s 55 (Mullins, 1977
oy CBle ZalS L s e CO2 4 w555 Caslie Sl el OF 3508 5 S o U smasm sy kel
.(Marschner, 2011) L oo ialS S o S RUBP b 5 sz g5 Cs s oS 5

AT I sl s sl 5 Ol eld el Ul s 3 on 5 5L (500 53 o B 2 O el

(Cakmak et al., 1994a) b o (2alS il 4 ely 35008 ls OLS L3 iy w e el JGl jls 285 50

a4

=t Bl 9 S


http://dx.doi.org/10.61186/flowerjournal.8.1.89
https://flowerjournal.ir/article-1-281-en.html

[ Downloaded from flowerjournal.ir on 2025-12-07 ]

[ DOI: 10.61186/flowerjournal.8.1.89 ]

Vet=A DA OV 80Y) s 0lS 5 IS

AP el 0SS ) Ols 31 5 Sl el 2B ST S0 @ S 4 Sl 2l ORGP RNV
Joo el ple S 5 Sl ool 25005 L ALS glacil 5o 48 555 0 sl opl (Nitsos and Evans, 1969) <
52 A rals K5 (g 5l (Armengaud et al., 2009) s &5 okialS Gladkid oks 4 (Jos ada S Sl
A3 Gasld ulal y oplale Al 5L 0558 b edd Su e ) A 5 A B rae 5l AL Ll e TTOYYO o
Slp 5 by 55 Jeod (5l e iy SUS 53 WWONVO Ll il 1 055 58 Sond 45 25 S 4 Ol o0 S sk
el o gllas OLaLS

el Rl G055 VL 5 Ja s sk o Ll il SRl s SR O35 50 Rl L el e gl s
S 3l A g R ety SR L G p S ke 1T0) 055 e S 5 s RIS ol S
OBl Lol e s 5o O sk JMee Al sL3 055 e 5o Lo a4 S3L Gl 18IS AL WS s
o @l S Sl b S Jesd el Gl 8 5l (S e 2580 e U5k 0o (S5 m s 20l 4 el
((Marschner, 2011; Turan, & Sevimli, 2005 ) ol § 5550 ol ooz OLE 55 Sl

IS5 sl 5SS 05558 ol SRl S (25 S sl 2 e S e WO o U sly 5 055 25 555 B peae
5 b OJs 8 e SIS Wles S 1S il O Kiass (Marschner, 2011) el s IS bl (godias
355 Vb mskw 5o by IS fals (Chenard et al., 2005; Zhao et al., 2001) s> o ol 1, Jds ks S 5 e
OLLS 3 ol 5 Jied (D550 Srme 5 S p Jds IS Glpms (o il Lo 25 4 04 el 51 36 L5 s
(Zhao et al., 2003; Arena et al., 2020) s,15 542 5 Cois  Siunan

soen (2008) Shaikh et al. =l b a5 025 Sy ol 3T (2l 4 e dald 4 Cond il 5 053,55 5 e il
5 O350 28 Ll 5o Wl b S5 515 055 50 i - slan 0 o il st B S W S 218 LT e
ST Gadaly Gl (gl (a5 Lol s 5 ClunS| 5T Ol 4 lewssl fes o cle &8 ol ol il g5l Las
iy IS 5 I8 5555 55 owlewsl b st 5 ol o108 sl 55meS et il sl W25 (Tjhia et al., 2018) <.l
Slae 35, LSS el U3 i 53 Cpimen el o sdalie SldE e 5 5 G o sl e (55, 4Bl A,
e 4 003 OLES 8338 lasleg s SailesT nl s Ll (Blank, 1947) 555 o ool 3508 Lail i 55 SRy | 53
S s lS Sute F e S0 s sl mlB LS s ol el 1) 0 S e VY0 sl il ]
b iy s 5 ldn gy S 55 o (WU L AL, 2021) 550 goen [5S3l (glaa il 55T (2l 0 ol sl S
Seals Eel O a0 Jlaas i)l (Mohammed et al., 1993; Pirie & Mullins, 1977) 5,15 555 Kos5 adaly 050 3

Starchgynthase -\

=t Bl 9 S


http://dx.doi.org/10.61186/flowerjournal.8.1.89
https://flowerjournal.ir/article-1-281-en.html

[ Downloaded from flowerjournal.ir on 2025-12-07 ]

[ DOI: 10.61186/flowerjournal.8.1.89 ]

Vet=A DA OV 80Y) s 0lS 5 IS

Aas o £ ol 5T 2alS Al Dol 3 03555 B Slbe b aealy Slie (35 Lol 4 das e 2alS 1y Lyl 3
Ll s ax S sl bl sl adiS L 350 o0l o el 5 053550 G 3l ol by (Delgado et al., 2006)
S s edalie ol sl s J1alS (el 3)5e (6358 sk 3 bl 3 g 2ty b il (Mald) plie ole 5saS
.,\.:p«;.:\“gfw)da;‘;\w\ngﬁsuﬂdljl);.:ﬁ%;dausgnggjjﬁcjbggﬁggﬁg
Delgado et al., 2004; Keller & ) 555 o 5551 55 sl gl ro SRl el aUS Sl hy 05580 B st e
Delgado et ) 555 Ws Jb L 5o J2als 5 2o, Ad, Al el Wls o S s O 55 5L 5lade (Hrazdina, 1998
.(al., 2004; Kliewer, 1977; Spayd et al., 1994

(s p sl Gl 5l 055 a8 05 S e e s (il el COp ol (I3 L el 5 ol (ol (VL ke
el HE OWLS A 53 cpl by ol 4l glacd ple s 5 oIS (alS Glalsa, s (SIS 5 sladend dag 3
(S5 RS Wiy IS g e 5T 038 b el oS (S g 3 olal (B el men 3l
g S s Lol e ol (Marschiner, 2011) 551 25 Jess 5 055308 = 05T dilas o ESGT 35T 3 5l e JUas!
Clle ) Gl by 5 05555 Olajen O an ol oy (Pirie & Mullins, 1997) 5,5 Ll 53 a3 JU! s s
el p3Y olals

L oS das o OLES cpl ool e abaly oty b slaasls b Jalome 03 jltie astld 3ls 0L (Sosen 3T
el ledd G pae Jslme GladS ey Csllas w5 plajled 5o 5 ol 4Bl mend Jsles A3 lS A, a8
Glyme 5 sy Aiy gl e la b ol ysl e 45 s o OLES 50 0 (g, 803l la ot le b il 0] Saoen
R gl L e S 1 sl slse el 0 S WIS e Gl 8T o 2l it s s s 80
Reay et al., ) ol osls (2alS 1 oolow il Clale bl ol e Lds S e 1500 slooysl (S iliadl ol
L oo Sllie S (gsbas A sdaline sl (5, S o3Il laaxli b s sldie  Saees 3 oy ool oSe (1998
U Jds S e (Socor Cal o il Cote Soan gy M slagasla by e daly S sl 3T Sl
@S s e 0Ll sy e alaly s 5 olS o, Ay L b IS 68 sl OLiS el (g Seslll sl e ls Sos
e a2l 25 oIS 5 b 25 e 53 (65 1 e A3 e 4 e (g e oz

& S o

0 don s S8 Wl dgb (alem pll S 5 5 055 it sl Sl bas S Cilie sl alis IS ke
Jolomn 3 (glgmn 3 5m 3 ool ) 510 S Ao YYO simy aly el 0 5L L olyon 0555550 A 2 p S A VO e
b owaean 5 Slalie ool olal o ol ol 2 5 p S e YYO BVO 5 055 0 1) e 8 e VOl S

YYo L \Vo )\.&aol);@‘g;i;r.ksﬁ@T&)%)uﬁﬂmjuﬁ&x‘Gujuéuu&uwl@&j:

=t Bl 9 S


http://dx.doi.org/10.61186/flowerjournal.8.1.89
https://flowerjournal.ir/article-1-281-en.html

[ Downloaded from flowerjournal.ir on 2025-12-07 ]

[ DOI: 10.61186/flowerjournal.8.1.89 ]

Vet=A DA OV 80Y) s 0lS 5 IS

f\vi.u-g \vo jdjﬁf‘t‘ '/'Y’)f-m-ggfb'-)b L@j)\,\ﬁﬁﬁb}% M@Hﬁr;&» YYOL{Q\JAA Qj)ﬁﬁf{ﬁ&g
J;JM°L;§L)€‘U}UQ°M)L5‘J“)(WL§

Gt"’
Abraham, E., Hourton-Cabassa, C., Erdei, L., Szabados, L. (2010). Methods for determination of proline in plants. In:
Sunkar R. (ed.). Plant stress tolerance: methods and protocols, Springer New York Dordrecht Heidelberg
London, pp 317-331.
Arena, M.E., Pastur, G.M., Lencinas, M.V,, Soler, R., Bustamante, G. (2020). Changes in the leaf nutrient and pigment
contents of Berberis microphylla G. Forst. in relation to irradiance and fertilization. Heliyon, 6(1)
https://doi.org/10.1016/j.heliyon.2020.e03264.

Armengaud, P., Sulpice, R., Miller, A. J., Stitt, M., Amtmann, A., Gibon, Y. (2009). Multilevel analysis of primary
metabolism provides new insights into the role of potassium nutrition for glycolysis and nitrogen assimilation
in Arabidopsis roots. Plant Physiology, 150, 772—785.

Benincasa, P., Guiducci, M., Tei, F. (2011). The nitrogen use efficiency: meaning and sources of variation - case

studies on three vegetable crops in central Italy. HortTechnology, 21(3), 266-273.
Blank, F. (1947). The anthocyanin pigments of plants. The Botanical Review, 13(5), 241-317.

Boroujerdnia, M., Ansari, N.A. (2007). Effect of Different Levels of Nitrogen Fertilizer and Cultivars on Growth,
Yield and Yield Components of Romaine Lettuce (Lactuca sativa L.). Middle Eastern and Russian Journal of
Plant Science and Biotechnology, 1(2), 47-53.

Cakmak, 1., Hengeler, C., Marschner, H. (1994). Partitioning of shoot and root dry matter and carbohydrates in bean
plants suffering from phosphorus, potassium and magnesium deficiency, Journal of Experimental Botany, 45,
1245-1250.

Cardarelli, M., Rouphael, Y., Muntean, D., Colla, G. (2015). Growth, quality index, and mineral composition of five
ornamental cabbage cultivars grown under different nitrogen fertilization rates. HortScience, 50(5), 688-693.

Chenard, C.H., Kopsell, D.A., Kopsell, D.E. (2005). Nitrogen concentration affects nutrient and carotenoid
accumulation in parsley. Journal of Plant Nutrition, 28(2), 285-297. https://doi.org/10.1081/PLN-200047616

Delgado, R., Gonzalez, M.R., Martin, P. (2006). Interaction effects of nitrogen and potassium fertilization on
anthocyanin composition and chromatic features of Tempranillo grapes. Journal International des Sciences de
la Vigne et du Vin, 40(3), 141.

Delgado, R., Martin, P., Del Alamo, M., Gonzalez, M.R. (2004). Changes in the phenolic composition of grape berries
during ripening in relation to vineyard nitrogen and potassium fertilization rates. Journal of the Science of
Food and Agriculture, 84(7), 623-630. https://doi.org/10.1002/jsfa.1685.

Everaarts, A.P., & De Moel, C.P. (1998). The effect of nitrogen and the method of application on yield and quality of
white cabbage. European Journal of Agronomy, 9(2-3), 203-211.

Freyman, S., Toivonen, P.M., Lin, W.C., Perrin, PW., Hall, J.W. (1991). Effect of nitrogen fertilization on yield,
storage losses and chemical composition of winter cabbage. Canadian Journal of Plant Science, 71(3), 943-
946.

Ghasemi Ghehsareh, M., Kafi, M. (2016). General Floriculture. Author publication, 215p. (In Persian).

Gibson, J.L., Whipker, B.E. (2001). Revising the fertilization strategy for ornamental cabbage.
https://gpnmag.com/article/revising-fertilizer-strategy-ornamental-cabbage. Accessed August 2001.

Gibson, J.L., Whipker, B.E. (2003). Ornamental cabbage quality improved by continual fertilization through center-
head coloration. HortScience, 38(7), 1381-1384.

Glass, A.D.M. (2003). Nitrogen use efficiency of crop plants: physiological constraints upon nitrogen absorption.
Critical Reviews in Plant Sciences, 22(5), 453-470.

=t Bl 9 S5


https://link.springer.com/book/10.1007/978-1-60761-702-0#author-1-0
http://dx.doi.org/10.61186/flowerjournal.8.1.89
https://flowerjournal.ir/article-1-281-en.html

[ Downloaded from flowerjournal.ir on 2025-12-07 ]

[ DOI: 10.61186/flowerjournal.8.1.89 ]

Vet=A DA OV 80Y) s 0lS 5 IS

Gulser, F. (2005). Effects of ammonium sulphate and urea on NO3- and NO2- accumulation, nutrient contents and
yield criteria in spinach. Scientia Horticulturae. Scientia Horticulturae, 106(3), 330-340.

Guttormsen G. (1996). Virkningen av nitrogengjédsling paE avling, kvalitet og lagringsevne hos kinakaEl. Norsk
Dindbruksforsking, 10, 74-80.

Hirsch, R.E., Sussman, M.R. (1999). Improving nutrient capture from soil by the genetic manipulation of crop plants.
Trends in Biotechnology, 17(9), 356-361.

Jin, SSW.,, Rahim, M.A., Kim, H.T., Park, J.I., Kang, J.G., Nou, I.S. (2018). Molecular analysis of anthocyanin-related
genes in ornamental cabbage. Genome, 61(2), 111-120.

Keller, M., Hrazdina, G. (1998). Interaction of nitrogen availability during bloom and light intensity during veraison.
I1. Effects on anthocyanin and phenolic development during grape ripening. American Journal of Enology and
Viticulture, 49(3), 341-349.

Khoshgoftarmanesh, A.H. (2014). Principles of Plant Nutrition (2nd ed.). Isfahan University of Technology. 540p. (In

Persian).

Kliewer, W.M. (1977). Influence of temperature, solar radiation and nitrogen on coloration and composition of
Emperor grapes. American Journal of Enology and Viticulture, 28(2), 96-103.

Lichtenthaler, H.K., Wellburn, A.R. (1983). Determinations of total carotenoids and chlorophylls a and b of leaf
extracts in different solvents. Biochemical Society Transactions. 591-592.

Luczai, R.T. (1992). Flowering cabbage and kale: Ideal for use in late fall landscapes. PPGA News, 23(4), 2-3.

MacDonald, W.N., Blom, TJ., Tsujita, M.J., Shelp, B.J. (2013). Improving nitrogen use efficiency of potted
chrysanthemum: Strategies and benefits. Canadian Journal of Plant Science, 93(6), 1009-1016.

Maness, N. (2010). Extraction and analysis of soluble carbohydrates. In: Sunkar R. (ed.). Plant stress tolerance:
methods and protocols, Springer New York Dordrecht Heidelberg London, pp. 341-370.

Marquardt, B., Schlemmer, R. (1996). Flowering kale: Fall color for late sales. GrowerTalks, 60(3), 68—69.

Marschner, H. (2011). Marschner s mineral nutrition of higher plants. Academic press. 651p.

McAvoy, R. (1994). Cultural tips for ornamental cabbage and kale. CT Greenhouse Newsletter, 180, 13-15.

McDougall, G.J., Fyffe, S., Dobson, P., Stewart, D. (2007). Anthocyanins from red cabbage—stability to simulated
gastrointestinal digestion. Phytochemistry, 68(9), 1285-1294.

Mohammed, S., Singh, D., Ahlawat, V.P. (1993). Growth, yield and quality of grapes as affected by pruning and basal
application of potassium. Haryana Journal of Horticultural Sciences, 22, 179-183.

Nitsos, R.E. and Evans, H.J. (1969). Effects of univalent cations on the activity of particulate starch synthetase. Plant
Physiology, 44, 1260-1266.

Piccaglia, R., Marotti, M., Baldoni, G. (2002). Factors influencing anthocyanin content in red cabbage (Brassica
oleracea var. capitata L. f rubra (L) Thell). Journal of the Science of Food and Agriculture, 82(13), 1504-15009.

Pirie, A., Mullins, M.G. (1977). Interrelationships of sugars, anthocyanins, total phenols and dry weight in the skin of
grape berries during ripening. American Journal of Enology and viticulture, 28(4), 204-209.

Reay, P.F., Fletcher, R.H. and Thomas, V.J.G. (1998). Chlorophylls, carotenoids and anthocyanin concentrations in the
skin of ‘Gala’ apples during maturation and the influence of foliar applications of nitrogen and magnesium.
Journal of the Science of Food and Agriculture, 76(1), 63-71.

Shaikh, N.P., Adjei, M.B., Scholberg, J.M. (2008). Interactive effect of phosphorus and nitrogen on leaf anthocyanins,
tissue nutrient concentrations, and dry-matter yield of Floralta limpograss during short day length.
Communications in Soil Science and Plant Analysis, 39(7-8), 1006-1015.
https://doi.org/10.1080/00103620801925414

Sorgona, A., Abenavoli, M.R., Gringeri, P.G., Cacco, G. (2006). A comparison of nitrogen use efficiency definitions in
Citrus rootstocks. Scientia Horticulturae, 109(4), 389-393.

Spayd, S.E., Wample, R.L., Evans, R.G., Stevens, R.G., Seymour, B.J., Nagel, C.W. (1994). Nitrogen fertilization of
White Riesling grapes in Washington. Must and wine composition. American Journal of Enology and
Viticulture, 45(1), 34-42.

=t Bl 9 S5


https://link.springer.com/book/10.1007/978-1-60761-702-0#author-1-0
http://dx.doi.org/10.61186/flowerjournal.8.1.89
https://flowerjournal.ir/article-1-281-en.html

[ Downloaded from flowerjournal.ir on 2025-12-07 ]

[ DOI: 10.61186/flowerjournal.8.1.89 ]

Vet=A DA OV 80Y) s 0lS 5 IS

Takki Seed, A. (2017). Flowering Kale F1. http://www:.takii.com/wp-content/uploads/2016/05/Flowering-Kale-F1-
Feather-and-Fringe-Leaf-Rev-B-.pdf

Tjhia, B., Aziz, S.A., Suketi, K. (2018). Correlations between leaf nitrogen, phosphorus and potassium and leaf
chlorophyll, anthocyanins and carotenoids content at vegetative and generative stage of Bitter Leaf (Vernonia
amygealina Del.). Journal of Tropical Crop Science, 5(1), 23-53.

Turan, M., Sevimli, F. (2005). Influence of different nitrogen sources and levels on ion content of cabbage (Brassica
oleracea var. capitate). New Zealand Journal of Crop and Horticultural Science, 33(3), 241-249.

Whipker, B.E. 1996. Ornamental cabbage and kale production. North Carolina Flower Growers' Bulletin, 41(3), 1-5.

Whipker, B.E., Gibson, J.L., Cloyd, R.A., Campbell, C.R., Jones, R. (1998). Success with ornamental cabbage and
kale. Horticulture Information Leaflet, 507, 1-9.

Wilson, C., Albano, J., Mozdzen, M., Riiska, C. (2010). Irrigation water and nitrate-nitrogen loss characterization in
southern Florida nurseries: Cumulative volumes, runoff rates, nitrate-nitrogen concentrations and loadings, and
implications for management. HortTechnology, 20(2), 325-330.

Wu, L., Li, P, Jia, H., Phillip, F.O., Bao, X., Zhao, F., Yu, K. (2021). The effect of foliar application of K,SO4 or
KH,PO; on skin color of the ‘Kyoho’ Grape. Agronomy, 11(11), 2361.

Zhao, D., Oosterhuis, D.M., Bednarz, C. W. (2001). Influence of potassium deficiency on photosynthesis, chlorophyll
content, and chloroplast ultrastructure of cotton plants. Photosynthetica, 39(1), 103-109.
https://doi.org/10.1023/A:1012404204910

Zhao, D., Reddy, K.R., Kakani, V.G., Read, J.J., Carter, G.A. (2003). Corn (Zea mays L.) growth, leaf pigment
concentration, photosynthesis and leaf hyperspectral reflectance properties as affected by nitrogen supply.
Plant and Soil, 257(1), 205-218. https://doi.org/10.1023/A:1026233732507

=t Bl 9 S5


https://doi.org/10.1023/A:1026233732507
http://dx.doi.org/10.61186/flowerjournal.8.1.89
https://flowerjournal.ir/article-1-281-en.html

[ Downloaded from flowerjournal.ir on 2025-12-07 ]

[ DOI: 10.61186/flowerjournal.8.1.89 ]

Flower and Ornamental Plants (2023), 8(1): 89-104
Research article Flower and Ornamental Plants

Effects of different concentrations of Nitrogen and Potassium on morpho-
physiological indices of ornamental kale

Masoud Ghasemi Ghehsareh”, Najmeh Fattahi Dehkordi

Department of Horticultural Sciences, Faculty of Agriculture, Shahrekord University, Shahrekord
B4 mghasemil352@gmail.com

Abstract

Ornamental Kales are one of the most important plants of the autumn season, they are the only
ornamental plants in the green space in the cold season due to their tolerance to cold and frost. Nutrition
and temperature are important factors affecting plant quality, especially in terms of plant height, canopy
size and color, and leaf size and number. An experiment was conducted to investigate the interaction
effect of different concentrations of nitrogen and potassium fertilizers on morpho-physiological indices of
ornamental kale. The treatments include the interaction of concentrations of 125, 175 and 225 mg L of
nitrogen and potassium (from the source of urea and potassium sulfate, K;SO4) in the form of N:K ratios
including 125:125, 125:175, 125:225, 175:125, 175:175, 175:225, 225:125, 2 25:175 and 225:225 and
distilled water (as control). The results showed that the treatments had a significant effect on all the
measured indices. The highest fresh and dry weight of the shoot was belonged to N:K treatment equal to
175:175. The highest number of leaves in the 125:125 treatment, the highest crown diameter in the
225:225 treatment, and the highest leaf chlorophyll content was belonged to
175 mg L™ nitrogen along with different concentrations of potassium. The highest soluble sugar was
observed in the treatments containing 175 and 225 mg L™ of nitrogen and potassium, and the highest
proline was observed in the 225:225 treatment. The highest amount of anthocyanin was belonged to the
control and among the fertilization treatments, it was belonged to the level of 125 mg L of potassium.
Based on these observations and also considering the importance of canopy diameter in ornamental kale,
the amount of 175 to 225 mg L™ of nitrogen along with 225 mg L™ of potassium can be suggested for the
optimal growth of this plant.

Keywords: Anthocyanin, Chlorophyll, Crown size, Fertilizing, Flowering Kale.
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