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In laboratory conditions the trial has been repeatedly established to study the
\ | effect of five different nitrogen concentrations in the nutrient solution Ho-
agland No. 3 on the content of chlorophylls and rate of intensity in young
plants of winter wheat, cv. Samanta. It follows from the results that in view
of the content of photosynthetically active pigments (in the phase 14.DC the
content of pigments ranged between 140 and 230 mgm’2 and in the phase
30.DC it ranged from 350 to 620 mg.mfz) and intensity of photosynthesis
(intensity of photosynthesis in the phase 14.DC was ranging from 1.642 to
3.025 umol.ln‘z.fl and in the phase 30.DC between the values 9.049 and
10.767 umol,m_z.s*]) in laboratory conditions, an optimum nitrogen concen-
tration seems to be from 0.5 N to 2 N at the given intensity of light
(490 umol.mﬁz,s_]). Extremely low and high nitrogen concentrations had
a negative impact not only on the content of photosynthetically active pig-
ments, but also on the rate of photosynthesis. Relatively low values of imme-
diate intensity of photosynthesis were caused particularly by relatively low

content of chlorophylls in leaves which were not yet photosynthetically ma-
ture.

Wheat; nitrogen concentration; photosynthesis

INTRODUCTION

Great altention has been devoted to photosynthesis, as a process standing
. Ot&nning of all power engineering, because the rate of photosynthesis
ilsrr;portant.factor wh%ch f"nffects the produc.tio.n and Fhe amount of biomas§
Of the Prf)(()i a }fle}d. Ir‘1 this view photosynthesis is a primary biological basis
| uctivity of cultural plants (Evans, 1975).
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Photosynthesis by its position in the plant metabolism affects in its conge.
quence also the uptake, distribution and utilization of mineral su!mancQg
(Natr, 1992). i

The process of photosynthesis alone is affected by a lot of factors, both
external and internal ones. Important external factors can include solar ragj,.
tion and air temperature. In the production process the effect of solar radiatjqy,
and temperature is manifested the most on the change of intensity of phoy.
synthesis (Hodyson, 1981; Witt, Peening de Vries, 198
However, the plants in photosynthetic reactions use about 0.8% of all glohy
radiation impacting on the Earth (Stragil, 1998)

Except the solar radiation, the rate of photosynthesis is also affected by
the mineral nutrition. One of the most important factors is enough available
nitrogen forms in the environment. This element acts not only on the content
of photosynthetically active pigments in leaves, but also on the production of
photosynthetic apparatus and the rate of is ageing, as documented in the
Kostrej’s study (Kostrej et al., 1992).

Except the external factors an amount of chlorophyll and the course, rate
of photosynthesis and subsequently accumulation of dry matter are influenced
also by internal factors, such as: age of plant or its photosynthetic apparatus,
respectively. Glenkel (1969) reports that the rate of photosynthesis is the
lowest at the beginning of the growing season and is increasing gradually in
dependence on ontogenesis.

Therefore, the authors concentrated in their study on the investigation of
the effect of different nitrogen concentrations in nutrient solution as affected
the photosynthetically active pigments in leaves, the course and rate of pho-
tosynthesis of wheat (Triticum aestivum L.) in laboratory conditions. In ad-
dition, we they studied a relationship between the amount of chlorophylls per
unit of leaf area and immediate rate of photosynthesis in juvenile phases of

wheat ontogenesis.

MATERIAL AND METHOD

In laboratory conditions in the years 1997 to 1999 the trials were repeat
edly established to study the effect of various nitrogen concentrations 1
nutrient solution on the content of chlorophylls and the rate of photosyn
in young plants of winter wheat, cv. Samanta.

Plants were cultivated in hydroponics in controlled light and temper"‘turi
conditions of air-conditioned box of the Department of Botany an¢ a8
Physiology, when light regime represented 16 hours of light at intensity °
irradiation 490 pmol.m_z.s*] and by hours of darkness. Temperature v
adjusted to 25 £ 1 °C and 20 + 1 °C at night.
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In the trial we studied the effect of five differe itr :
9 autrient solut?on Hoagland No. 3 (Tablbcdll)fzjilg:(lr:llli'(;%ie":ltc?;]i\?mm.l},)ns
with @ markqd nitrogen deficit (0.1 N), variant with reducedtnitr g ) ?/ﬂlldm
0.5 N), variant W.l[h increased nitrogen content in solution (2;;3‘“50“{0“1
The other prope}'lles of nutrient solution remained identiml 1 'I‘lm %'N).‘
H 4.57, osmotic concentration 1.583). o e varians
In selected phases of ontogenesis (14.DC, 19.DC, 21.DC, 22.DC, 23.DC
25,DC,. 26_1?C,ﬂ 28.DC and 30.DC) the concentration of c,hl()r.o h, ll;.W"’
determmed in five upper leaves and immediate rate of photos nthpe%}'/' A f 'l(lS
third upper whgal leaf in three repetitions from each variant * S
To extract pigments {rom leaves into acetone and to sub;equent spectr
photometry the methodological guidelines according to Ses t ak CAﬂpt Iio-
et al. (19§6). were used. The size of an analysed s;mplc ot:leaf k;l'xde‘ oi thye
content of pigments was 2 g of fresh weight. To calculate the coricentml'
of chlm‘ophylls in extract the relationships after Nybom (1955) were uslcodn
Immediate rate of wheat photosynthesis was measured b); ‘an a 11‘%tu:
LCA-4 in air-conditioned box at intensity of irradiation 490 pmol _gr?i] and
temperature 25 + 1 °C. L e
The pripcip]e of this method consists in the detection of change in the
conce}ltl‘atlon of garbon dioxide in atmosphere surrounding assimil?ltinrT ok
ject Gestak, Catsky etal, 1966). } -
The re;ults obtan?edAwerc statistically evaluated using computer program
Statgraphic on the significance level o = 0.05. .

L. Variants of Hoagland’s nutrient solution No. 3

e N concentration in solution
(mg.Ih 1 0.1 0.5 2 4
E V?)r;::llt I variant 2 variant 3 variant 4 variant 5
o 3)2 .82 0.12293 0.61465 0.821 0.821
KH2:O4 2726 0 0 0.506 0.506
Mg304 (),Iéz 0.136 0.136 0.136 0.136
NH4N01 O. 0.120 0.120 0.120 0.120
- 3 0 0 0.6006 1.8018
E. 0 0.3737 0.3737 0 0
Citae 1, 0 0.93079 0.27513 0 0

=GO I ml I ml I ml I ml I ml

K\ Microelements after Benson in the dose | ml
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RESULTS AND DISCUSSION

It is evident from the results obtained that the content of chlorophyll duypjy
ontogenesis manifested the tendency of growth because the lowest C()ﬂ[enb[
was found in the phase when the fourth leaf appeared (from 140 to 230 m gm?
and to the beginning of shooting it increased to the values between 350 4
620 mg.m 2. The results obtained are in accordance with Karczmarczyy
et al. (1993). It is evident from Fig. 1 that e.g. in the phase 14.DC the contey,
of chlorophylls ranging from 140 mg.m~> in the variant 0.1 N and to
230 mg.m 2 in the variants I N and 2 N. In the phase of the third visible tilje,
the content of chlorophylls ranged between 270 mg.m (in the variant 0] N
and 4 N) and 430 mg.m~2 (variant 1 N). At the beginning of shooting the
lowest amount of chlorophylls was found in the variant with a marked deficj;
of nitrogen — 0.1 N, in which the content of chlorophylls was measureq
amounting to 350 mg.m_2, On the contrary, the highest content of chlorg.
phylls in mg per 1 m? was in the variant with half concentration of nitrogen -
0.5 N (620 mg.m™).

It follows from Fig. 1 that insufficient concentration of nitrogen in medium
caused statistically significant decrease of the chlorophyll content in wheat
leaves (Table II). In this variant (0.1 N) total decrease of the content of
pigment by 35 % occurred compared with the control variant (1 N). Also the
variant with extremely high concentration of nitrogen in solution (4 N) re-
duced the total content of chlorophylls, the measured content of pigments
reached 70% of the values obtained in the control variant.
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1. Content of chlorophylls (111g.nfz)
x-axis — phase of ontogenesis, y-axis — content of chlorophylls (mg.m72)
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1. Differ_ezﬂc_@lS in average content of chlorophylls (mg.100 cm™) and intensity of photosynthesis

umol >
D v ogen o | D e ey o
i nthesis (Umol.m ~.s™")
i o homogeneous . N average
yariant | measurement vall]e§ groups variant | measurement values homogenejous
. of all measurements D* of all measurements Eroups
0.IN = : 0.IN 4.746 :
4N 277 : 0.5 N 5.330 o
05N 342 ' 4N 5.554 T
2N 353 o IN 5.923 o
IN 397 ) 2N 6.221 :

T-method; & = 0.05

The highest increase of the content of photosynthetically active pigment
was recorded in the variant 0.5 N in which the amount of chlorophylis in-
creased from 200 mg_m_2 to 620 mg.m’z. On the other side, the lowest
increase in the amount of pigments per 1 m™ of leaf area in the variant with
nitrogen deficit in the nutrient medium, because in this variant (0.1 N) the
content of pigments rose from the value 140 mg.m™2.

When evaluating the effect of nitrogen concentration in solution on the
content of chlorophylls in wheat leaf, it can be said that the lowest content
was recorded in the variant with a marked deficit of nitrogen in solution
(0.1 N), as it is documented in Re pka’s study (1986).

Except the determination of chlorophylls in leaves, an immediate intensity
of photosynthesis was also measured in laboratory conditions.

g When 1r{\{estigz!ting ‘intensily of photosynthesis of young wheat plants
lo%vrgs\:/t'h of intensity of photosypthesis during ontogenesis was evident. The
. ” tlrltéenslty of phgtozynlhems was found in the phase of the fourth leaf
0DC (g 025 pwmol.m™.s7) and-(v)nﬁtlhe contrary, the highest was in the phase
. . f49 to 10.767 wnol.m “i8 ) Within the given developmental phase
the trialy of photosynthesis was relatively stable in the different variants of
R C,OaS dQCLlrpented by Fig. 2 }?hotogynthetic non-maturity of leaves or
. Iltfem of c‘h.lorop}.)yl]s in Juvenile phases of growth, resp., were
Eenery)] g factor of intensity of photosynthesis (see Fig. 1), because it is

L W Egported in literature that at the values ranging between 100 and
cally Ifailfll chlorophyll compensa?ion point occurs. In fully photosyntheti-
e leaves 400 to 600 g of chlorophylls per 1 m? of leaf area occur.
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2. Rate of photosynthesis (umolm*z.sAl)

x-axis — phase of ontogenesis, y-axis — rate of photosynthesis

The given condition was fulfilled in all variants, except the variant 0.1 N gt
the beginning of shooting.

It can be said that intensity of photosynthesis has a growing tendency in
juvenile phases of plant development that can be recorded in all nitrogen
concentrations in nutrient solution. The results obtained correspond to the
conclusions made by Genkel (1969), Rea, Cale (1991)and Hejnik
et al. (1998).

It is evident from Fig. 2 that intensity of photosynthesis changed in de-
pendence on nitrogen concentration in solution. The highest growth of the
values of photosynthesis intensity can be found in the variant 0.5 N when
immediate rate of photosynthesis grew from 1.877 umol.m’z.s‘l in the phase
of the fourth leaf to the value 10.767 umol.lrfz.s'l at the beginning of shoot-
ing. The growth of intensity of photosynthesis during plant ontogenesis of
wheat was also recorded in the variant with a marked deficit of nitrogen in
nutrient solution (0.1 N). The measured values of immediate intensity of
photosynthesis was the lowest in the variant 0.1 N compared with the other
variants, because at the beginning of the growing season, that is in the Ph?se
14.DC the rate of photosynthesis was 1.642 umol.m‘z.sf1 and at the beginning
of shooting it amounted to 7.799 ulnol.nfz.s_l. .

Significant decrease of intensity of photosynthesis in the variant with o
trogen deficit (0.1 N) by 17.19 % compared with the variant 1 N, as l‘liPO“'t‘3
in Table II, was caused by the fact that plants did not produce 2 sufficient
amount of chlorophylls. It can be said in harmony with Repka (1986?'
Heitholt etal (1995) and Hejnak et al. (1998) that nitrogen deficit 1
significantly decreasing the intensity of photosynthesis.
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pxcept the markeq deficit of nitrogen in nutrient solution, an immediate
ate ot phO.tOS){ntheSIS reduced fllSO its extremely high conce;m‘ation - 4cN,
gmilarly like in the content of chlorophylls when the measured values of
photOS)’ﬂtheSIS intensity ranged _\;Vlt‘hlln the values from 2.122 umol,m“z.s_l
(phase 14.DC) to 9.049 MIHOI:m s (Phan? 30.DC). These values obtained
reach 93.77% of the values of photosynthesis intensity of the control variant
AN . .

t can be said that intensity of photosynthesis was not only influenced by
{he course of ontogenesis and nitrogen concentration in medium, but also the
amount of photosynthetically active pigments. This our conclusion was also
confirmed by calculated correlation coefficient which amounted to 0.90.

It can be said in conclusion that in view of the content of photosyntheti-
cally active pigment§ and intensity of photosynthesis it appears in laboratory
conditions as an optimum concentration of nitrogen in nutrient solution from
05 N to 2 N at the given intensity of light (490 umol.m’z.s_l)‘ Extremely
low as well as high concentrations of nitrogen had a negative impact on the
content of photosynthetically active pigments, but also on the rate of photo-
synthesis. Relatively low values of immediate intensity of photosynthesis
were above all caused by relatively low content of chlorophyll in leaves
which were not yet photosynthetically mature.
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HNILICKA, F. - NOVAK, V. (Ceska zem&d&lskd univerzita, Agronomicka fakulta,
Praha, Ceské republika):

Rychlost fotosyntézy a obsah fotosyntetickych pigmenti mladych rostlin pSenice
pri rizné koncentraci dusiku v Zivném roztoku.

Scientia Agric. Bohem., 37, 2000: 161-170.

V laboratornich podminkach byl opakované zakladan pokus na zjiSténi vlivu péti
rozdilnych koncentraci dusiku v Zivném roztoku Hoagland &. 3 (varianta kontrolni -
I N, varianta s vyraznym deficitem dusiku — 0,1 N, varianta se sniZzenym obsahem
dusiku — 0,5 N, varianty se zvySenym obsahem dusiku v roztoku — 2 N a 4 N) na
obsah chlorofyli a rychlost fotosyntézy u mladych rostlin pSenice ozimé, odridy
Samanta.

Ve vybranych fazich ontogeneze (14.DC, 19.DC, 21.DC, 22.DC, 23.DC, 25.DC,
26.DC, 28.DC a 30.DC) jsme stanovili obsah chlorofyli v p&ti hornich listech a oka-
mZitou rychlost fotosyntézy tietiho horniho listu penice pomoci pfistroje LCA-4 v
tiech opakovanich u kazdé varianty pokusu.

Ze ziskanych vysledkd je patrné, Ze obsah chlorofyld v priib&hu ontogeneze VY-
kazoval pritkaznou tendenci k riistu, nebot nejnizii obsah byl zjiitén ve fzi objeven!
&tvrtého listu (od 140 do 230 mg,m‘z) a do zatatku sloupkovéni narostl aZ na hodnoty
mezi 350 a? 620 mg.m . Z obr. | je patrné, e napf. ve fazi 14.DC ’oyl70bsah
chlorofylii v rozmezi hodnot od 140 mg.m_2 u varianty 0,1 N do 230 mg.m Uv"ﬂ'
riant 1 N a 2 N a na pocatku sloupkovéni bylo nejniZ§i mnoZstvi chlorofylu Zjiét?n?
u varianty s V}"razn;'/m deficitem dusiku — 0,1 N, u niZ byl naméfen obsah x_'hlol‘(.)fylu
ve vy§i 350 mg.m . Naopak nejvyssi obsah chlorofylii v mg na 1 m? byl u Vﬂflaflof
s poloviéni koncentraci dusiku — 0,5 N (620 mg.mfz). Dile je patrné, Ze nedoslﬂtecnﬂ
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koncentrace d.usiku v médiu Z[))ilsobil.a statisticky prikazné snizeni obsahu chlorofylf
V jistech p¥enice (tab. II). U’ t?to vzlr}axlty (0,1 N) doslo k celkovému sniZeni obsahu
o mentd 0 35 % v porovndni s variantou kontrolni (I N). Rovn&’ u varianty s ex-
: & vysokou koncentraci dusiku v roztoku (4 N) bylo zaznamendno snizeni cel-

ém o B - :
13 bsahu chlorofylti o 30 % ve srovnani s variantou kontrolni.

¢ho 0
ko‘;\lejvyggi ndrist obsahu fotosynteticky aktivnich pigmentti byl zaznamenan u va-
anty 0,5 N, u {117 feu mnoistviv chlor'ofylﬁ zvysilo z 200 na 620 mg.m_z. Na strané
Jruhé byl nejmi’sx nanft v/mnozstvi pigmenti v 1 m” listové plochy zji§tén u varianty
5 defiCite“_‘szSIk“ v Zlvne_lzn roztoku (0,1 N) — obsah pigmenti se zvysil z hodnoty
140 mg.m ™~ na 350 mg.m .

Pfi hodnoceni vlivu koncentrace dusiku v roztoku na obsah chlorofyli v listu

pym nedostatkem dusiku v roztoku (0,1 N).
Vedle stanoveni mnoZstvi chlorofyli v listech byla v laboratornich podminkéch
méfena i okamZitd intenzita fotosyntézy — u mladych rostlin p3enice byl patrny jeji
ndriist v pribéhu ontogeneze. NejniZsi intenzita fotosyntézy byla zjisténa ve fizi
gtyrtého listu (1,642 az 3,025 umol.m_z.sfl) a naopak nejvyssi ve fazi 30.DC (9,049
az 10,767 umol.mgz.sfl). V rdmci dané vyvojové féze byla intenzita fotosyntézy
u jednotlivych variant pokusu pomérné stabilni, jak dokldda obr. 2. Limitujicim fak-
torem intenzity fotosyntézy byla fotosyntetickd nedospélost listd, resp. nizky obsah
chlorofyldl v juvenilnich fazich ristu (obr. 1), nebot se obecné v literatufe uvadi, 7e
pfi hodnotich mezi 100 az 250 mgm_2 nastavd chlorofylovy kompenza&ni bod.
U pln€ fotosynteticky dospé€lych listi se obvykle vyskytuje 400 aZ 600 mg chlorofyla
na | m® listové plochy. Uvedend podminka byla splnéna téméf u viech variant,
$ vyjimkou varianty 0,1 N, tj. na polatku sloupkovani.

Z obr. 2 je patrny postupny nérist intenzity fotosyntézy v pribéhu ontogeneze (do
fize 30.DC), ktery je moZné zaznamenat u viech koncentraci dusiku v ¥ivném roz-
toku. Jak je patrné z obr. 2, intenzita fotosyntézy se ménila v zdvislosti na koncentraci

d}lsiku v roztoku. Nejvyssi narlst hodnot intenzity fotosyntézy je mozné nalézt u va-
“’al:lty 0,5 N, kdy se zvysila okamZita rychlost fotosyntézy z 1,877 umol.nfz.s"I ve
.fﬂZl 4. listu aZ na hodnotu 10,767 umol.m_z.s_1 na pocitku sloupkovani. Narust
llflenzity fotosyntézy v pribéhu ontogeneze rostlin pienice byl také zaznamendn u va-
:E:gf Y).'/razny.m nedostatkem dusiku v Zivném roztoku (0,1 N). Naméfené hodnoty
i 1:36 .lvnvt’enZJty Totosynvl’f’:zy byly u varianty 0,1 N v porovnani s ostatnimi varian-
| 6}2;231, ncboEzna_lpocatku vc‘getace. tedy ve fazi 14.DC, byla rychlos?t fotosyn-
i Mmol.m™.s™" a na potitku sloupkovéni ve vysi 7,799 umol,m_‘.s_]

5 ll;nlll;a;né VS.nichi in’teflzity f.()tosyntézy u varianty s nedostatkem dusiku (0,1 N)
“eVy,tvoﬁi, P:ll poroxvln?m S vvarlafuou 1 N (Eab. 1) bylo’ zpﬁs"obeno tim, Ze rostliny
iiVnémZ ostatecie' mnczzstvxvchloroli)./lu. Vedle vy.razneho’ nqustzltku dusiku
Vsoks ko:ztoku snizila prikazné ovka.mzuou rychlost totosyntoezy i jeho extrémné&
h°dnoty intcenFrace‘ -4 N’, obdobné jako u obsahu chlorol)_%u,_#g%y se naméfené
€nzity fotosyntézy pohybovaly od 2,122 pmol.m ~.s~ (fize 14.DC) do
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9,049 pmol.m™ 257! (faze 30. DC). Tyto ziskané hodnoty dosahuji 93,77 % hOdno[
intenzity fotosyntézy kontrolni varianty (1 N).

Je mozné konstatovat, Ze intenzita fotosyntézy byla ovlivnéna nejen pribehep, ‘
ontogeneze a koncentraci dusiku v médiu, ale také mnoZstvim fotosynteticky aktjy. ‘
nich pigmentd. Tento nd$ zavér potvrdila i vypotitana hodnota korelaéniho koef;.
cientu 0,90. ‘

Zavérem je moZné konstatovat, Ze z hlediska obsahu fotosynteticky aktivnich pig-
mentd a intenzity fotosyntézy se v laboratornich podminkdch ukazuje jako optimajy; |
koncentrace dusxku v zivném roztoku od 0,5 N do 2 N, pii dané intenzité 0svétlen;
(490 umol.m™ 25 ) Extrémné nizke i vysoké koncentrace dusiku piisobily nejen p,
obsah fotosynteticky aktivnich pigmenti, ale i na rychlost fotosyntézy negativng
Relativné nizké hodnoty okamZité intenzity fotosyntézy byly pfedevsim zpi’:sobcny'
relativn€ nizkym obsahem chlorofyld v listech, které je3t€ nebyly fotosynteticky do.
spelé.

pSenice; koncentrace dusiku; chlorofyl; fotosyntéza
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