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Introduction 

Fertilizalion n:commcndations for chrysanthcmum slock plants grown ac­
cording Io the principlcs of fcrtigation h:wc not bccn fully claboratcd so far. 
Thcrc arc also no data rcfcrring to the critical contcnt of microclemcnts pcnnit­
ting to ddinc thcir rangcs in rcfcrcncc to chrysanthcmum lcavcs. This problem is 
csscntial for the correct diagnostics of chrysanthcmum growth disturbanccs. The 
ohjcctivc of this work was the cvaluation o(: 

microclcmcnt nutrition of chrysanthemum mothcrplants grown in a green­
house with the usc of fcrtigation, 

uscfulncss of the paramctcrs actually uscd in diagnostics for the character­
ization of chrysanthcmum nutritional status. 

Rcsults of studies rcferring to macroclcmcnts werc prcsented by BRE..~ et ::il. 
120021. 

Materiał and methods 

Th e studies wcrc carric<l out in the ycars 2000-2001 in a productive trial. 
Chrysanthcmum stock plants werc grown in light medium sand. Frcqucncy of 
fenigation was rcgul:ited on the basis o( soil moisture mcasurcment. For the prc­
paration of the proper nutrient, the following components wcrc uscd: calcium 
nitrate, potassium nitratc and mullicomponent fertilizer HyJroflcx T containing 
7.4'/r, N; 3.8% P; 3WYr> K; 8% S; 2% Mg; 0,07% Fe; 0.045% Mn; 0.028% Zn; 
CJ.07%, B; 0.004% C u and 0.004% Mo. After mixing in a computerizcd nutrient-
111ixer of the abovc mcntioned solutions in 2.5 : 2.5 : 1 volumctric proportion 
with rain water, a nutrient of pH 5.5 and EC 2 111S·cm-1 was obtained. The plants 
were irrigatcd using a drip irrigation. Evcry 111011th, from February to May, ran­
dom samplcs of chrysanthemum lc;ives and soil were taken for chemical analy­
scs. In 2000, samplcs of 16 and in 2001 samples of 13 cullivars werc cxamined. A 
detailcd sampling Limetable is prcsentcd in Table l. In mean samples of plant 
materiał, aftcr drying at 50°C and mineralization in strong minerał acids the total 
content of Fe, Zn and Cu was <letermined (BRE-~ et al. 1997]. Lindsey's e:xtract was 
usc<l for the soi) analysis [NOWOSIELSKI et al. 1984]. Also the pH in H 20 was mea­
surcd. 
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Sampling terms of chrysanthcmum leaves and soi ] 
Terminy pobierania prób liści chryzantem i gleby 

Term Yc~ r; Rok 
'le rmin 2000 

1 28 li 

2 27 III 

3 28 lV 

4 29 V 

'fabie I; ' fa bela l 

2001 

w li 

26 III 

26 IV 

26 V 

For the particular componcnts i.n the lcavc:s of cach chrysanthen1u111 cu lti­
var defincd al 4 terms standard devialion werc calculated . For the whole popula­
Lion in the givcn ycar of studies, on the basis of standard dcviatio11 of the popu­
lation and the mean value of element content , the coefJicicnt of variation was 
calculated. 

Results end discussion 

The rcsults of soi! a11alysis arc shown in 'fabie 2. For comparison, the 
range of microclemcnts recommcndcd for ornamc11tal planls by KNTFRSKA et al. 
[ 1990] for culturcs ferlilized in the tradilional way arc prcscntcd as wcll. With the 
exccption of copper, the contcnts of microclcmcnts in the soil were eo11taincd 
wilhin the recommcndcd ranges. Howevcr, the dclicit of coppcr is on ly apparcnt 
becausc throughout the whole period of motherplant growing, the plants wcrc 
irrigated with a full nutrient conlaining all macro- and microelcmrnls ncccssary 
for growth. Furthermorc, no characlcr islic symptoms of this componcnt ddicit 
were rccordcd on the plants. Also no s igns of zinc delicit was obscrvcd in spite 
of the fact tlwt the content of this element in the soi! did not cxcccd one half of 
lhe rccommcnded range. Accortling to C!-1/\UDH RY et al. [1973 [, higher cn11cc11tra­
tio11s of zinc in the soi! can cause copper delicit. That aulhor exp lain s this phc­
nomenon by ionic antagonism of clements. The ohtaincd results inuicate Lhat the 
recommcndations elaboraled for tradilional fcrtilization methods ca1111ot he tli­
rcclly adoplcd for cultures whcre fertigation is applicd. Similar conclusinns rcfcr­
ring lo the cvaluation of macroelemcnt conlcnt in chrysanlhcmum molhcrplarats 
were formulatcd by BREś et al. [2002]. 

' labie 2; '1:Jhela 2 

Content of iron, zinc, coppcr in the soi! and pH of the soi I 
Zawartość że l a za, cynku i miedzi w glebie oraz pl I gleby 

Elemenl 
Range of contcnl; 7/4'lkrcs zawartości 

Rcco111111c11d cd va luc • 
Pierwiastek 

(mg·dm-3) 
Zawartości zalecane * 

2000 2001 

re 66.9-1 J 2.9 81.6-95.4 5-100 

Zn 11.7- 14.4 9.5-14.8 5-50 

Cu 1.1-1.2 l.0-1.1 3-10 

pHB,O 5.36-6.68 5.72-6.74 5.5- 7.0 

•acc. KACPERSKA et al. [1990]; wg KACPDRSKJEJ i in. (1990] 
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Results of lcaf analysis are graphically presented on the example of coppcr 
in Fig. I and 2. The figurcs show results of analyses for all cultivars at 4 terms of 
sampling (mean values from 3 mcasurcmcnts). In 2000, Cu eontcnt was withi.n 
the range of 4.4-11.4, while in 2001, the range was from 3.7 to 9.1 mg·kg-1 of leaf 
dry mallcr. llowever, the ranges for the remaining studicd elcments determincd 
in a similar way arc too widc bccausc they arc created by cxtrcme values depart­
ing from the avcragc values. For this rcason, in order to definc the standard ran­
gcs, 'fabie 3 hased on statistical analysis we.re crcated. Statistical calculations car­
ricd out on the basis of thosc data show that the variability of the invcstigated 
characteristic fcaturcs ( component con tent) within the studicd chrysanthemum 
cultivar is not grcat. Both in the year 2000 and 2001, the least diversity of results 
within the population of all tested cultivars (the least coefficient of variation) was 
obtaincd for iron and coppcr. Slightly highcr but also satisfactory valucs of this 
coc!Ticient were obtaincd for zinc. 
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Fig. 1. Contcnt of coppcr in hcalthy lcavcs of chrysanthemum stock pla nts - year 
2000 (numlx:r of cu ltivar - sec Table 3) 

Rys. 1. Zawartość miedzi w zdrowych liściach roślin matecznych chryzantem - rok 
2000 (numer odmiany - patrz tab, 3) 

Since therc arc no numerical parameters pcrmitting to define the nutrition 
status of chrysanthemum mothcrplants fertilizcd together with irrigation, the ob­
taincd rcsults of analyscs wcrc comparcd with the values claborated for plants 
grown for cul llowcrs in rockwool [DE KREJJ et al. 1990] in sand [LUNT et al. 1964) 
or sand and peat medium [ ADAMS et al. 1975] but additionally fcd with solutions. 
An illustrating comparison is shown in 'fabie 4. 
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Fig. 2. Content of copper in hcalthy lcaves of chrysanthcmum stock p lants - ycar 
2001 ( number of cultivar - sce labie 3) 

Rys. 2. Zawartość miedzi w zdrowych liściach roślin m:1 tecznych chryz:1nte m - rok 
2001 (numer odmiany - pa trz tab. 3) 

'fobie 3; 'Jhbela 3 

Total content of iron. zinc and copper in the leaves 
of chrysanlhemuru stock plants (mg·kg-1 of dry mallcr) 

Całkowita zaw:1rtość żelaza. cynku i miedzi w liśc i ach rośl i n malecznych 
chryzantem (mg·kg-1 suchej masy) 

2000 2001 

standard cocflicicnt stanLlard codl icicnt nf 

Cultivar 
deviation of variation dcviat ion var i:1tinn 

Odmiana 
mg·kg-1 odchylc- wspólczyn n i k lllg·kg I odchylenie współczynnik 

nie stan- zmienności standa r- zin icn n ości 
dardowe (%) dowc (%) 

Fe contcnt; zawartość Fe 

l 2 3 4 5 6 7 

Super Whi te (l) 138.98 21.7 1 96.30 23.99 

Sheena selcct (2) l 17.70 8.87 76.23 14.69 

Reagan White (3) 127.01 16.53 94.3(1 9.40 
5.45 736 

Reagan Sunny (4) 126.54 24.05 97.05 24.50 

Reagan Splendid Dark (5) 135.04 25.70 - -

Fiji White (6) 132.95 26.8 1 - -
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1 2 3 4 5 6 7 

Fiji Yellow I111provcd (7) I 18.82 25.04 - -

Eleonora Wh ite (8) 115 .25 18.68 93.09 13.19 

Eleonora Yellow (9) 125.38 20.39 73.40 0.92 

Eleonora Lilac (JO) 114.07 6.74 104.43 13.40 

Miral (Il) 119.44 10.44 95.03 10.73 

Royalys ( 12) 132.53 23.05 77.88 11.50 

Passionement (13) 127.IO 26.43 67.60 11.62 

Ibera ( 14) 138.90 20.53 73.28 14.16 

Kcr111it (15) 147.86 24 .64 99.65 23.30 

Aztec(l6) 127 .85 26.05 72.33 4.49 

Zn content; Zawartość Zn 

Super Wh ite 61.73 9.30 54 .05 14.18 

Sheena selcet 62.10 13.02 46.93 12.83 

Reagan White 64.53 2.24 40.20 18.42 

Reagan Sunny 59.83 15.50 60.63 17.52 

Reagan Splendid Dark 63.42 li.li - -

Viji White 47.90 7.80 - -
Fiji Ye llow l111proved 56.28 6.76 - -

Eleonora White 49.95 12.99 
7.45 

51.83 7.52 
11.10 

Eleonora Yt:llow 74.70 12.19 83.05 6.22 
Eleonora Lilac 59.53 15.92 65.40 10.86 
Miral 55.08 12.64 39.48 16.04 
Royalys 43.55 11.60 60.67 16.55 
Passione111ent 43.83 13.04 59.38 13.50 
Ibera 68.80 11.93 45.83 12.92 
Kcr111it 49.93 13.99 42.00 11.74 
Aztec 52.17 8.70 73.93 15.01 

Cu content: Zawartość Cu 

Super White 9.63 1.58 4.75 1.21 

Sheena select 6.78 1.02 7.43 1.13 

Reagan White 7.93 0.33 7.60 0.66 

Reagan Sunny 7.53 1.35 7.30 0.54 

Reagan Splendid Dark 7.23 2.28 - -

1-"iji Wh ite 7.30 1.79 - -
Fiji Yel low J111provcd 6.78 1.77 - -

Eleonora White 5.98 1.67 6.98 0.59 
5.52 8.07 

Eleonora Yellow 7.23 0.85 8.25 0.65 

Eleonora Lilac 6.85 1.08 7.33 0.85 

Mira! 7.08 1.16 5.50 1.50 

Royalys 7.30 1.02 5.45 1.72 

Passionc111 ent 8.28 1.37 6.65 1.12 

Ibera 7.08 1.36 5.40 1.56 

Ke r111it 6.73 1.20 6.15 1.14 

Aztcc 7.48 l.87 5.70 0.58 
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The valucs suggested by the mcntioned authors differ distinctly bctwccn 
each o ther. Also the results of herc presented studies dcpart from lhcsc recom­
mendations. It means that fo r chrysanthemum slock plants cultivatcd using fcrli­
ga tion system, the ranges e laborated by the abovc cited authors arc not usable. 
Therefore, it is nccessary to elaborate new critical contcnts for chrysanthcmums 
grown in systems where fertigation is applied. /\1 the sa111c li111c, in the diagnos­
tics for the evaluation of micronutritional status of chrysan 1he111u111 111othcrplants 
temporarily one can utilize the standard ranges obtaincd on the lrn s is of th e prc­
sentcd experimcnts. For chrysanthemums grown in this technology for cui llow­
crs, new critical contents were proposcd by BREŚ [ 1998 j. 

'fabie 4; 'fabcla 4 

Recommcnd cd con lent for microclcments in hca lthy lcavcs of chrysa nth c rnu m 
(mg-kg- 1of dry rna tter - to ta l va luc) 

Zawartości z:i lecane dla mikroelementów w zdrowych li ścia ch chryzantem 
(mg-kg-1 suchej masy - zawartości całkowite) 

Valucs fo r plants grown for ll owcrs Valu cs fur stock pla11 ts 

E lement 
Wartości dla roślin up rawianych na kwiat Wartości dla roślin małe-

Pierwiastek AD/\MS R ORDA V/\N 
cwych 

LUNTcl 
el a l. EYSI NG/\. SONNE-

DE K1,EIJ c l Rcsull s o f invcs ligatio11s 
a l. [1 964 ] 

[1 975] VEI.l) [ I 980 j al. [1 990 ] Wyniki bada,\ 

Fe 100-173 97-1 30 > 140 279 .5 ()7.6- 147.9 

Zn 7- 26 n 13-98 39.5-74.7 

Cu 20.5 5-14 4.8-9.6 

/\ccording to SONNEVELD [199 1] chemical status of piani tissuc dcpcnds on 
cultivar, relation between nutrients in root zone, pH of solution or medium 
(soi!), buffcr capacity of medium (soi]), cdgc of plant , part of plant. On other 
hand, constant level of nulricnts in the solution causcd rather stable conlent of 
macroelcmcnts (bcsides phosphorus) frorn the juvenilc to lllaturc growth in the 
lcaves of hydroponically grown chrysa nlhemum !Boorn.1:Y. M EYl •:R 19(i5]. /\lso 
during th e growing period small variability of nutrients in the lcaves of cui chry­
sa nthcmum grown in rockwool was obscrvcd by BREŚ [ JfJ<J8 j. Cuttings arc takcn 
from motherplants at the vcgc tativc stage of growth. Thercfore, il is not neces­
sa ry to elahoratc any critical values dcpcnding on the dcvclopmental stagc for 
chrysanthemum motherplant. 

Conclusions 

l. Applicalion of fcrtigation in growi.ng chrysanth cmum stock planls ca uses 
the necessity to amend the critical contcnts of lllicroc lclllcnls in the lcaves 
determincd so far. 

2. For the standard rangcs of componcnt conlcnt in the lcaves o f chrysanlhc­
mum stock plants grown in systems with fertiga tion, on e ca n acccpl the 
foll owing valucs (mg·kg-1 of dry matler) : Fe 67.6- 147.93; Zn 39.5-74.7; Cu 
4.8-9.6. 
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3. The usc of fcrtigntion makes inndequate the guide vnlues elnborated for 
traditional mcthods of chrysanthemum growing. It is purposeful to elabo­
ratc new standard rnnges for chrysanthcmum motherplants charactcrizing 
optima! contcnt of clcments in the soi!. 

4. Valucs shown in 'fabie 2 can be used as tempora! recommended contents 
of microclcmcnts in the soi!. 
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Summary 

Up till now, no critical contents have becn elaborated which permit to eva­
luatc the correct microelement nutrition on the basis of chrysanthemum stock 
plant leaves analysis. Experiments wcre carried out to dctermine the content of 
iron, zinc and copper in the leavcs of chrysanthemum motherplants by studying 
16 cultivars in 2000 and 13 cultivars in 200]. Analyses wcre carried out al 4 
terms (from: February to May). The values characterizing the contcnt of the par­
ticular components in the leavcs of cach cultivar of chrysanthemum wcre statisti­
cally elaborated. Standard deviation for the cultivars and variation coellicient for 
the whole population in the given ycar were calculated . The usability of guide 
values utilized for traditional methods of chrysanthemum growing in diagnostics 
of plant nutrition were critically evaluated. New standard ranges of the conlenl 
of iron, zinc and copper in chrysanthemum motherplant lcavcs wcrc elaboratcd. 

OCENA ODŻYWIENIA MIKROELEMENTAMI 
ROŚLIN MATECZNYCH CIIRYZANTEM 

Włodzimierz Bre.f 
Katedra Nawożenia Roślin Ogrodniczych, 

Akademia Rolnicza im. A. Cieszkowskiego w Poznaniu 

Słowa kluczowe: rośliny mateczne chryzantem, mikroelementy, ocena odżywie­
nia roślin 

Streszczenie 

Dotychczas nic opracowano zawartości krytycznych pozwalających ocenić 

prawidłowość odżywienia mikroskładnikami na podstawie analizy liści roślin 
matecznych chryzantem. Doświadczenia, których celem było określenie całkowitej 
zawartość żelaza, cynku, miedzi w liściach przeprowadzono w roku 2000 wykorzy­
stując 16, a w roku 2001 - 13 odmian roślin matecznych chryzantem. Analizy 
wykonano w 4 terminach (od lutego do maja). Wartości charaklcrywj:1ce zawar­
tości poszczególnych składników w liściach każdej z odmian chryzantem opraco­
wano statystycznie: obliczono odchylenie standardowe dla odmian oraz współ­
czynnik zmienności dla całej populacji w danym roku. Krytycznie oceniono przy­
datność dotychczas stosowanych w diagnostyce parametrów charakteryzuj:icych 
stan odżywienia roślin. Opracowano nowe, standardowe zakresy zawartości dla 
żelaza , cynku i miedzi w liściach roślin matecznych chryzantem. 
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