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The effect of soil pH on utilization of fertilizer nitrogen and its balance in the
system soil — plant wcrc studied in small-plot held trials using the stable
i : isotope of mtrogen SN in the year of application of "N and in the following
f ; year. The 15 spring barley plants, cv. Jubllant were cultivated per cylindrical
pot without bottom, of area 0.029 m® and embedded into the soil profile.
& Nitrogen fertilization was applied in the form of solution by mixing with the
whole volume of soil before filling the pots, i.c. in rates O 85,170 and 255 mg
N per pot, i.e. in conversion 0, 30, 60 and 90 kg N. ha™!. It follows from the
| results that the percentage of soil nitrogen in the total uptake by harvest ranged
I from 94 to 86% on neutral soil and from 95 to 82% on extremely acid soil
and was practically identical on both soils. “The priming effect* represented
increased uptake of soil nitrogen by about 25 to 35% on neutral soil. “The
priming effect” was not manifested at all or only very weakly (up to 10%), on
extremely acid soil. Uptake of fertilizer nitrogen by spring barley was higher
and losses were lower on neutral soil lhan on the soil with low pH value. The
total balance of nitrogen fertlizer with 15N after two years from application of
fertilizer shows that on the soil with neutral pH value, spring barley utilized
41-46% in the first year and in the successive year it took 3—4% of 5N, and
15-18% of nitrogen remained in soil and losses amounted to 32-40%. On
extremely acid soil spung barley took 33-37% in the first year and in the
second year 1-2% of '°N, after the second year of application 11-13% of '°N
stayed in soil and the losses reached 50-55%.
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INTRODUCTION

Great attention in plant nutrition has been devoted to nitrogen which most
of all nutrients affects the growth and yield of farm crops. It follows from
numerous experimental studies that soil nitrogen participates most in yield
formation. Its percentage share in the total uptake of nitrogen by the harvest
is fluctuating from 70 to 90% on fertile sites, 50-70% on less fertile ones
(Jefimov, Osipov, 19915 Khalil et al., 1997). Except the soil min-
eral nitrogen, also nitrogen of old soil power, i.e. nitrogen bound in organic
compounds in soil, which is mineralizing during vegetation and becomes
available and utilizable by plants, participates in plant nutrition (Vanck et
al., 1995, 1996; Petr et al., 1995). Amount of this mineralizable nitrogen
is associated with soil fertility and climatic conditions and weather pattern
during vegetation and out of vegetation play an important role in its efficiency
by plants. It can be released 60-120 kg of N.ha™! per year by mineralization
of soil organic matter on well-supplied soil. This nitrogen can be both utilized
by plants and there is a danger that it will be washed out or denitrified,
because it is released independently on the development of plant stand (K61 -
schens, 1990; Balik et al., 1997). Cultivation and manure regime must
be organized in such a way to allow utilization of vegetation as high as
possible. The use of nitrogen fertilizers has to be oriented on optimum utili-
zation of nitrogen.

The use of stable nitrogen isotope 1SN makes possible to distinguish fer-
tilizer nitrogen and soil nitrogen and gives a possibility to study the processes
of transformation and circulation of nitrogen in the system fertilizer — soil —
plant — environment. One of the factors, that can principally affect the pro-
cesses of transformations and circulation of nitrogen, is soil acidity. It is
necessary to extend knowledge on the effect of soil acidity on utilization of
fertilizer nitrogen and soil nitrogen by plants for more efficient application
of nitrogen fertilizers and for better utilization of nutrient potential of soils.
The aim of the trial was to answer the following questions:

_ what is the effect of pH on utilization of fertilizer nitrogen in the year of
application and in the following year;

_ what is the balance of fertilizer nitrogen in the system soil — plant in the
year of application of 15N and in the following year at extremely acid and

neutral soil reaction.

MATERIAL AND METHOD

Small-plot field trial with spring barley has been established each year at
experimental site at Sojovice near Lysa nad Labem in the years 1996 to 1998.
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small plots were of the area 0.029 m? and were formed by cylindrical pots
witr}out bottom of diameter 19 cm and embedded 30 cm int{) tze soil (r Pf?'cl)—5
Spring barley Jubilant was an experimental crop, 15 plants were cullii\(j'ltc(i
per pOt. ’ A -
S.Ol]S used in the trial were sampled from two sites from the area of
fluvisols. In year 1997 before the establishment of trial soil samples we(?
taken from stored soil to determine basic agrochemical cl;aracleristicg S 1'el
pH/KCl value, humus content after Tjurin and the content of available : t(?'l
ents by the m;thod Mebhlich II were determined in soil samples dried at 2(‘)1 ig
and h.omogemzedA In year 1998 in early spring soil samples were tak;,n to set
the nitrogen content. Mineral nitrogen (Nuyin) was determined from freshl
taken.samplcs after their homogenization in extract of 1% KySO4 by i :
selective electrodes. Furthermore, samples were dried at 40 "Cy anjl fli/rl;:m'
analyses were done from fine earth. The total nitrogen (organic + N — NHEil
was determined by mineralization by concentmteod sulpﬁuric acid b tl4)
rpethod after Kjeldahl, subsequent distillation and titration. Aerobic inZub?C
tion rr.mcth()fl was used to determine mineralizable nitrogen. Soil dissolved t:l_
sand in rath I : 1 was incubated seven days at 60% Eloisturc ofAmflxim .
yvater capacity and temperature of 30 °C. Determination of mineral ;1it' :m
in 1% Kz‘SO.4 by ion selective electrodes followed then Mincr'\(l N _locf”
2clon.tent of mmcl‘ral pitl‘ogcn before incubation and mineral'izablc N reprézetllti
n " S . . - i
! :gﬁlse;?:n;rgsfcgltle?jil gbcli::rlxing incubation. Agrochemical characteristics
favizlgatl)lzdr(‘i]:)}il;u(:?m-ad?j Qt medlum.—heavy fluvisol on fluvial deposits and
e o [;rsitoonr 1tfon ‘acjcordmg to th'e map of geq]ogi?al and soil
g y E,oncemed. It had high reserve of available phos-
humu:, stéltable reser\je_ of potassium anq magnesium, medium content of
and neutral reaction (pH > 6.5). Soil 2 was medium heavy fluvisol on

I AglOCllel cal eristics ol so ) (&4 d a
mical charac stic S (S
S a S
) I aken for mdlyms in the given year before the

Soil H(uo,/;])us PH/KCI Content of available nutrients (mg.kg’l)
B P — Mehlich IT | K — Mehlich II |Mg -~ Mehlich II
a 2.17 6.7 123 153 123

Extremc]y acid 1.69 4.3 103 176 II:i
Soil N total N mitz.l N mineralizable
(%) (mg.kg ) (mg.kgfl)
Neutral 0.29 85 12
Extrcmely acid | 0.20 102 -
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sands, more dependent on precipitation. It had a high reserve of available 1. Uptake of fertilizer nitrogen and soil nitrogen by harvest of spri -
phosphorus, suitable reserve of potassium and magnesium, medium content arvest of spring barley (mg.pot’ )
of humus and extremely acid reaction (pH < 4.5). 4 Tg z N uptake from fertilizer o o
Slightly arid climate with average annual temperature 8.6 °C, during vege- Soil V;“;‘f_‘“l‘ &= ol _ = 2w b é’“ Eg| w
tation (April—September) 14.8 °C, with average annual sum of precipitation o g 2 s ;’:)‘;ﬁ(:l’[”/ following | in total ‘;{g g §“5 8| 2%
542 mm, out of it 353 during vegetation, is characteristic for the experimental 2§ 5PN year ; £3| 8 “é £ £ %
site. control | 559 _ ~ -
Diagram of the trial included four variants on each soil with five replicates. N 85 760 39 305 . 0 - -
Only phosphorus (255 mg per pot or 90 kg.hzfl, respectively) and potassium Neutral R I 3 42 718 94 159
(320 mg per pot or 110 kg.ha", respectively) in the form of potassium 2l 70 540 75 745 91 186
dihydrogenphosphate were applied in the control variant. Except it gradated N255 | &% 107 8.15 115 712 86 153
nitrogen rates (85, 170 and 255 mg per pot or 30, 60 and 90 kg.ha”l, respec- control | 536 — _ _ 536 160 =
tively) were used in other three variants. Ammonium sulphate with 25% Extremely | N 85 603 26 1.76 28 575 0
atomic enrichment by stable isotope 15N was used as nitrogen fertilizer and acid N 170 | 647 50 o o f 95 39
traditional ammonium sulphate was used as fertilizer in 1998. The soil used Loons | v o —— 62 585 90 49
in 1997 was stored at the experimental site and was used again in 1998 to - i 87 | 385 82 -
fill the pots. All fertilizers were applied in the form of solution by mixing
wiFh amount of soil needed ‘for filling of a Pot. Soil mpistgrc in pots was M1 Statistical evaluation of nitrogen uptake by har i
adjusted after emergence of plants and during vegetation it was kept by P y harvest of spring barley
watering with .distilled water on 60% of maximum water capacity. Plants Neutral soil A
were not chemically treated. 5
The content of total nitrogen in plants and in soil was determined after aupllen | avena Olgrooguel?sous number | average
hqrvest in [he.Agricultural Regi(.)r_lal Laboratory Mstétice l?y Fhe method after B take by il 32 741.000 | * o
Kjeldahl and its 1sotope composition was measured on emission spectrometer ptake by plants abA.L25 =
NOI-6 at the Saxon Institute for Agriculture. The trial was evaluated statis- N uptake from fertilizer i 5 *
ticallg bsy computer program Statgraphics by multiple analysis of variance at the year of applica:igfr m 72.028 | * 56.800 o
o = 0.05. *
i;’leuyfjézll]l;;fiﬁ)m fefrtilizel‘ in 12 5533 | % 2.616 12
RESULTS AND DISCUSSION i .
Nu :
The effect of the level of pH on utilization of fertilizer nitrogen by spring resegifike gl 2 eB300 | ¥ , 520.250 32
barley and its balance in the system soil — plant in the year of application of ¥
stable isotope I5N, i.e. in 1997 and the following year 1998, was evaluated “Priming effect” 12 166.000 | * 29300 12
in this work. — * )
Uptake of fertilizer nitrogen and soil nitrogen by harvest of spring barley
is documented in Table I, statistical evaluation is in Table TI1. Nitrogen '
uPt’akG erm‘ ff:{t%li?cr vilith 5N by spring b.arlcy was dependent on'soilpmp— 2:t81milar 1ype Of_ soills (Hejndl et al,, 1996). O the contrar
erties and fertilizing rate. When ammonium sulphate was applied in the femely acid soil was distinctly lower (26 — 59 i uptake on
amount containing gradated rates 85, 170 and 255 mg of N, uptake in the the year followine th g : 1(5 - ).ﬁ 83 mg of N per pot). In
¢ the application of N we found only relatively low

7 m§

amoums 5 ] .
of this nitrogen i vect of e
irials t gen in harvest of spring barley, on average 15 times less

year of application (1997) on neutral soil reached the values 39 — 70 — 10
an in the fj .
e first year on neutral soil and 20 to 25 times less than in the first

of N. This corresponds to the values found by the authors in previous

< N6
88 SCIENTIA AGRICULTURAE BOHEMICA, 32,2001 (2) 85-9 IENTIA AGRICULTURAE BOHEMICA, 32, 2001 (2): 85-9
e :85-95 89




year on extremely acid soil. It ranged from 3.05 to 8.15 mg of N on soil with
neutral reaction under gradated nitrogen rates and from 1.76 to 3.37 mg of
N on soil with low pH value. Differences among soils were statistically
significant.

The experiment indicated the main role of soil fertility and non-fungible
function of soil nitrogen in yield formation of agricultural crops. As it follows
from many scientific studies (e.g. Jefimov, Osipov, 1991; Khalil
et al., 1997), particularly on soil with high fertility, the plants utilize 70-90%
of nitrogen from soil and the rest only from fertilizers. The percentage of soil
nitrogen in total uptake of nitrogen by harvest reaches 50 to 70% on less
fertile soils. Tt follows from the results presented in Table II that the percent-
age of soil nitrogen in the total uptake by harvest ranged from 94 to 86% on
neutral soil and from 95 to 82% on extremely acid soil in this small-plot field
trial and was practical the same on both the studied soils. The percentage of
soil nitrogen was falling with growing rates of nitrogen fertilizer. These
values correspond with ours, earlier obtained data (Hejn ak etal., 1996).

The importance of nitrogen fertilization consists in the fact, as reported
Razek (1997), that it should equalize disproportions between reserve of
available nitrogen in soil and requirements of cultivated crop for nitrogen
nutrition in certain period. Except it, nitrogen fertilization has a direct impact
on circulation of nitrogen in soil. It activates processes of mineralization of
soil organic mass. This leads to increased uptake of soil nitrogen by plants,
especially on soils with higher fertility. Despite this the so-called “priming
effect” N fertilization can affect significantly nutritive condition of plant as
well as the total yield of agriculturally utilizable production, as it was showed
by detected yields of grain and straw. Increased nitrogen uptake from soil
was recorded in soil with favourable reaction, which reached the values 153-
186 mg of N per pot. “Priming effect” was not manifested at all or only
weakly on extremely acid soil (up to 49 mg of N). It can be caused by low
microbial activity, or by lower reserve of mineralizable nitrogen in this ex-
tremely acid soil.

Exact data on balance of fertilizer nitrogen in soil and plant can be ob-
tained only when stable isotope 15N was used in fertilizer trials. It follows
from experimental works of many authors that utilization of nitrogen from
mineral fertilizers does not exceed 35-55%, 20-35% of applied nitrogen is
bound in soil, predominantly in soil organic matter, and 20-35% represent
the losses by mainly denitrification, volatilization of ammonium, to a less
extent by washing out of nitrates, erosion and surface denudation (M atZz els
Lippold,1990; Lippold, Mouchova, 1995; Hejnak etal, 1996;
Glendining et al, 1997; Tlusto¥ et al., 1997). Balance of fertilize!

nitrogen with TSN in the year of its application in soils with different pH 15
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[v. Balance of fertilizer nitrogen in the year of its application i ivati i
: . ‘ application i Itiva ar
on soils of different pH (in % of supplied nitrogen) ncuivation of spring barles

i So— Intake by plant
o - Rest in soil | Not found
grain straw in total
N 85 28 18 46 26 28
Neutral N 170 27 14 41 26 33
N 255 28 14 42 24 34
N 85 14 17
Extremely ! 10 >
i N 170 18 17 35 16 49
N 255 16 17 33 14 53

W Bal'fmce .of fcrli'lizcr nitroge-n in following year after application in cultivation of spring
parley in soils of different pH (in % from the rest of N from the previous year)

Soil Vari e Total intake . .
ariant of trial by plant Rest in soil Not found
N 85 14 68 18
Neutral N 170 12 61 27
N 255 13 61 26
N 85 13 78 9
Extremely acid N 170 10 81
9
N 255 10 83 7

lonf I'gastl;: i?i/ We';‘ound 42—4?% of N fcrti!ize.r in grain and straw, 24-26%
- Wgsu in soi ind .28‘—34./0 of N from fertilizer was not found on neutral
. Elplqset.l at 1t‘ 15. mtrogep lo.sl for plants, not utilizable in further
. 1112.:1d10n.10t nitrogen fertlizer by plants was significantly lower
R . Conti‘/q(-lCl] 591 ’, or}ly-31—35%, and solely 14-16% remained in soil.
. t0d4y9, ;);;es of nitrogen or n(')t detectable nitrogen, respectively,
L 1,—~ ] 0. ‘T‘h.e.\./alues. obtained C(?nfirm the earlier published
R (. Oal c(ljncflzgot fertilizer nitrogen on this extremely acid soil (Hej -
. literapr)pso > | 58) However, these values cannot be compared with
e SySte])]il ‘ qlrces, ecause other data on the balance of fertilizer nitrogen
. pract.sm — plant, where pH should be the main investigated charac-
» pra ically do not exist.

. ;ﬁl;llilzal{on -oi' fertilizer nitrogep with >N by plants in the following

application was another subject of study. Results in Table V docu-
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VI. Total balance of direct and subsequent action of fertilizer nitrogen in cultivation of spring : .
g soil with | S .
barley in soils of different pH (in % of supplied nitrogen) ;hem o previow pH pl%gts took only 10-13% of "N from the rest in soil
10 ous year, 78-83% was found in soi )

) . ’ s found in soi S a8
. Intake by plant Rest in soil after Noj detected at all. High remainder, lower utilization 1111(?r11d sc;lely 7-9% was not

a . ) St el i - . . d ow losses on extrem
found acid soil in the following year is apparently connected with low microbei]q){

Soil i
of trial ivi i
activity and weak mineralizing ability of this soil
Utilization of fertilizer nitrogen i F .
‘ gen in the following ter ication i
: . year after applicat 3
r%ng}ln(;gbbstlfveen 0i8 and 2.4% of applied amount, gs reported inliilterar;/o(ll]azz
(Bra y etal, 1993). The values found (Table VI) correspond to thes;

data on extremely acid soil (1-2%). On neutral soil in the following year
5 re

I gl e i e in total fhﬁves'[ o lhs.
of application | following year ollowing year

46 4 50

N 170 41 3 44
42 3 45

33

Neutral

31 2 1 )

Extremely e , o higher amount (3-4%) was detected in grain and straw of spring barley. Aft

4oid : 2 3 tv;o yea;s lln ]r;;\jltrlal soil remained 15-18% and in extremely aciil soil I}Ii—l?‘jr
34 55 of supplic . It can be presupposed that this nitrogen is bound [)I'Cd()lvﬂi(j

T‘a“tly. in‘organ.ic soil mass. As reported by Timmons and Crus
in thep' fldd trials one year after application of 16-27% "N St'l udS b (199?)
I(i%g‘lmcdsg(l)Pool and only 1% was found in soil in inOI'Oahi(LyioxE?inNd}IT
; ztﬁn i g;)'.AfFCI‘ four years 13.~24.% was found in soilvoroanic mass a ij
ess than 0.5% represented inorganic nitrogen. Further data in?l" ble VI s o
unan_lbxg_uously total better utilization of fertilizer nitrovex; int oy : I SthW
application under favourable soil pH (44-50%) than deer e\zge}:rclii; al“?é
aci

16.636 ;
o reaction (33-379 RSP .
- e 5-51; 37%). Losses of fertilizer nitrogen are lower on neutral soil
_40% . : .
17.193 - evaluati fal; by: 'anel-nely acid soil (50-55%). It follows from statistical
19 P pation o 'ertllxzer nitrogen balance in Table VII that differ e
soils were statistically significant. ak HHEEIehcEs: amens
14.711
11.100

80.990

VIL. Statistical evaluation of the balance of fertilizer nitrogen

Uptake by grain in the
year of application

Uptake by straw in the
year of application

Rest in soil in the year
of application
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Vliv pH pidy na vyuziti dusiku hnojiva jarnim jeémenem v roce aplikace a v 1o
ce nasledném.
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SN sle-

V mikroparcelkovych pokusech byl s pomoci stabilniho izotopu dusiku :
ostlind

dovan vliv pH piidy na vyuziti dusiku hnojiva a jeho bilanci v systému piida =¥
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y roce aplikace 5N a v roce nasledné 5 s
o 15 rostlindch v cylindrickyc Ceehem. Jarni je¢men odriidy Jubila = a
go pidniho protfi/l;.yhAn(gjlr-:ckhygh-n\aqObéCh bez dna o plose Oy,029 Iilqzmdbzyllpﬁthggvjﬁ
v tab. I. Hnojeni dusikem b ]ml,Lk? Ch?IakleriStika pouZitych zemin je llVedZm
IV o eminy pted naplné}l/]’o dp/]lkovano ve formé roztoku promisenim s cel '11(1
. v prepottu 0, 30, 60 a 90 i nadi)lb v ddvkach 0, 85, 170 a 255 mg N na nad g
Odbér dusik’u h.noji\?l a k%dN.im | ” o
I a a pudniho dusiku sklizni jarniho jed . .
v tab. IT a sta i jarniho jeCmene Z0THE
o Cell?os\t/lc;];yo?g;?dn?:?n v tab. 1II. Z vysledkl V}’PIJ)"vﬁ. Ze ijdlZl“;Z[r)nlcn
0 82 % na kyselé Zemillnés .llém se pohyboval od 94 do 86 % na neutrélni al(E
B e cifect” predstavo 1‘1 yl na OE)()EI sledovanych zeminach prakticky stejny
B s 25 o3 35 %, Na k Se;/fﬂ na.nstutralm zeminé zvySeny odbér padniho gith—k,},.
slab (do 10 %). ysele zeminé se . priming effect” neprojevil nebo j e
] jen velice
Dal$im pfedmétem sledovéni byla bilanc : ”
(tab. IV.) a v nds , ' 8. [ ce dusiku hnojiva s 159 v roee aplik:
. pﬁstl)i(il;?n:lur;;e pho a?hkam (tab. V) a dile celkova bi]ﬂ:l)zz [;?ilrlllfglfe
B« cizngm oH odva an’Jwa (tab.“VI) pfi péstovani jarniho jeCmene nf)
B i o neutraing écminir 551ku z hlnojlva jarnim jeSmenem byl vysii a 7tritd
s BN o v Tl o lika l?eL n%l Zc.m]rvlé kyselé. Celkova bilance dusiku lmlo';vi
B v v roce 4]1)_46ac02 lekc\llzuije, 1e na zemin¢ s neutralnim pH vyuZil jilrl{i
.zi’lvstalo 15-18 % dusiku hnojiva a Z(l:ri’lt;llléiclll?l rOgCZc odebral 3-4 % "N, v zeming
je¢men odebral v prvnim roce 33-37 % a ve (i/rt;llé_ljoro(?é ll\l_a’)ko}/;sellsé;vzemizé jl'drni
% , po druhém

roce aplikace zistalo v zeming&
. . a 11-13 % a ztra i
zeminami byly statisticky priikazné (tab nVII)] iy dosthly 30753 . Rordily ez

ar er 1en; mikr pa < p 5 P s
0 1rL€1k0\/C Ol\usy H zen 1Y, N; bila 1CEe dUSlkU hn va
0]

C.
Ontact Address:

Il)g Vi
- Vaclay Hejna P 3 a
; b n Elk., hD, CG.SkH zemédélska univerzita, Agronomicka fakulte
y yzmlogle OStlll’l, Kamycké 129, 165 21 Praha 6-Suchdol (C k ’
ra bo aniky a T P C , Ceska

'epublik :
a, tel.: 02/24 38 25 14, e-mail: hejnak @af.czu.cz

95



