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Slozky pudniho systému

Abiotické:

r

% tuha faze — zbytky mateCné horniny z vétsi Casti chemicky a
fyzikalné pfeménéné procesem zvétravani; nejdileZzitéjsi
anorganickou sloZkou jsou jilové mineraly —vymeéna ionta,
adsorpce; 35 — 45 % objemu piidy;

% kapalna faze (pidni roztok) — transport Zivin vegetaci,
transport polutantt; 15 — 35 % objemu pudy;

% plynna faze (pudni plyn) — v podstaté stejné sloZeni jako
vzduch obohaceny o CO,, HCs a dalsi produkty rostlinného a
ZivoCiSného metabolismu, 15 — 35 % objemu pudy;

% humus — ptidni organicka hmota - neZiva biomasa v rizném

stupni rozkladu; 5 =15 %

ent
&
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Slozky pudniho systému

Biotické:

% edafon — spolecenstvo v§ech mikroorganismii, rostlin a
ZivocCicht Zijicich v pudé
- fytoedafon — bakterie, plisné, houby, sinice, fasy,
- zoodafon — vSechny formy ZivoCicht od prvoku az po
obratlovce

% kofenovy systém rostlin

Suma Zivych organismu - < 0,1 %

Bio-organo-mineralni komplex
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Padotvorné procesy

Humifikace — mikrobialni a chemické procesy, pfi kterych se
méni organické zbytky v humus — probiha ve vétsi ¢i mensi
mife ve vSech ptidach a je tim nejvlastnéjsim ptidotvornym
pochodem, ktery podmifiuje vznik pudy;

Flais, (488,

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Vztahy mezi organismy, pudni organickou hmotou
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Interrelationships of organisms, organic matter, and parent materials in soil
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Diageneze a humifikace

organic phase biological

COI- Hzo' NH , 1 3
ety 3 humification

pedological

Figure 4.2.12 Diagenesis and humification
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Humus

@

ovliviiuje dynamiku teplotnich a vlhkostnich poméri v pudé,
dynamiku vodniho a vzdusSného reZimu,

jako teplotni izolator zmensuje teplotni vykyvy — denni i
sezonni,

zachycuje srazky, rozhoduje o prisaku, vyparu, jimavosti,
odtoku vody,

ovliviiuje tvorbu pudni struktury,

brani Skodlivym ucinkiim vodni a vétrné eroze,

ovliviiuje dynamiku kyselosti pud, kolobéh Zivin (C, N, P),
tvorbu CO,,

ovliviiuje biologickou aktivitu puidy — zdroj potravy a energie
pro pudni organismyj,

komplexace Zivin a polutantu.
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Vyznam Zivych organismu pro produkci pudni
organické hmoty

Readily Moderately ;
Plant material decomposnblea ecompos:ble C, Resnstant C,
Active soll

Mlcroblal bnomass Plant and microbial
organic matter y byproducts
CO2 \ CO2
P
>
Humus Passive soil C Slow soil C
N

The role of living organisms in the production of soil organic matter.
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Padni organicka hmota

SOIL ORGANIC MATTER

N

TRANSFORMED PRODUCTS
(UNALTERED DEBRIS J ( (HUMUS) J

RECOGNIZABLE AMORPHOUS
COMPOUNDS POLYMERS

base-soluble

acid-soluble

5
S
c
(LIGNINS ] (FULVIC ACID J g ‘ HUMIC ACID )
HUMIN

Figure 2.21. A classification scheme for soil organic matter. (After M.H.B. Hayes and
R. S. Swift. 1978. The chemistry of soil organic colloids. In D. J. Greenland 4

M.H.B. Hayes (eds.), The Chemistry of Soil Constituents. New York: Wiley.) | Table 2.5. Some Fundamental Properties of Humic Substances

GOLYSACCHARIDES

POLYPEPTIDES

Fulvic Acid Humic Acid Humin*
Molecular wt. 1000-5000 10,000-100,000 >100,000
%C 42-47 51-62 >62
%O 45-50 31-36 <30
%N 2.0-4.1 3.6=-5.5 >3
Acid content (moles/kg)® 14 5 <5

*Values for humin are uncertain because of difficulty in separating this fraction from the mineral
particles for elemental analysis.

The acid content is equivalent to the potential cation exchange capacity once the acidity is neu-
tralized by alkali.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Humus humus profile
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Figure 4.2.13 Soil and humus
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Processes

* formation processes
* decomposition processes
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aliphatic
fragments

Figure 4.2.14 Biogenesis of humic substances
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Kroky frakcionace pudnich huminovych latek

Steps involved in the fractionation of soil humic substances.

SOIL HUMUS

PRE-TREATMENT WITH 0.1M HCI

| |
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J |
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1 TREATMENT WITH HF
ACID EXTRACTION

' I TO REMOVE ORGANICS

A

SOLUBLE INSOLUBLE HUMIN

FULVIC ACID HUMIC ACID
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Humifikace

anionic spheric
heteropolymers

I proteins — amino acids. — NHy l products of
oxidative coupling

OH
OH
o~ S
HO OH HO
\ R, OH

cleavage
of the ring

]

methyloted 3,5 — dihydroxy — microbial
i i thesi

N — free polymers aliphatic benzene — carboxylic — ocids synthesized
compounds phenols
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Prekurzory vzniku huminovych latek

CHO = Aldehyde
c \
i cO
CH P
NH ﬁ co
HZ?OH OCH Phenol \ \
A ! CH—(CH2)4—NH NH
HCoH / /
Cco NH—(CH2)4—CH
HszH \ H
Hydroxyl HC CcO
| OCHy St o
HC 0 Methoxyl side chai
OH Peptide Quinone Peptide
CH 0 OCH . » . . . . . . .
Ether linkage 3 @ ) Co: Quinone-amino acid complex joining two peptide chains.
HZC/ NCH IH HZ(I:OH
[ | i
H, c CIH HC cI H Propanoid
HC\O/CHZ HCOH
CH30
H2(|:OH OCH3 = OCH3
Carbonyl HIC 0] HZIC—O
\CO Crz
Co
CH30 HZFOH
HCOH Bk
OCH3z Pheny! (also called
OH aromatic ring)
Generalized lignin structure, showing the common functional groups.
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A

Aerobic respiration
02 reduction -

Eh 2300 mV
Zone |

B

Faculative anaerobic
respiration

Zone |l

NOS_} reduction
Mn4+

Eh = 100 to 300 mV

Zone |l
Fe®* reduction

Eh =-100 to 100 mV

C

Anaerobic respiration

Zone IV
Sulfate reduction
Eh = -200 to -100 mV

Zone V
Methane formation
Eh =<—-200 mV

FEIGURE 7.8
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(A) Pathways of organic matter decomposition during aerobic respiration. (B)

Pathways of organic matter decomposition during facultative anaerobic respiration. (C) Pathways
of organic matter decomposition during anaerobic respiration. (From Reddy er al., 1986.)

Rozklad ptiidni organicke
hmoty aerobnimi a

anaerobnimi procesy
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Potencialni struktura huminovych kyselin

Aliphatic (4)
dicarboxylic CeHi0s
acid (I:OOH cl) ?H
OH H, TH—CH H TH_CHZ (o]
— ) Y Hy I\Na v g\Nf ﬁz—o 0
G o ocH, H O H, 0 oH
o CO-NH-CHON
L @ @
iﬁéc.f.ﬁ@.\ FIGURE 2.- -Dragunov’s-structure of humic acid as recorded by Kononova (1966): (1) Aro-
Aromatlc_ matic ring of the di- and trihydroxybenzene type, part of which has the double linkage of a
dicarboxylic quinone group. (2) Nitrogen in cyclic forms. (3) Nitrogen in peripheral chains. (4) Carbohydrate
acid residue.
Aliphatic
acid
Figure 3.12. Exemplification of different possible —OH and —COOH groups in &
hypothetical humic acid polymer. (From Thurman, 1985.)
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FIGURE 3. Hypothetical structure of humic acid according to Flaig (1960b). FIGURE 1. Structure of humic acid according to Fuchs.
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Potencialni struktura huminovych kyselin

HC=0
| (Sugar)
(HlC'OH,4
COOH COOH COOH HC=0
HO l |
R-CH O
| .H
OH OH
o) 0
R-CH
| (Peptide)

FIGURE 4.

Hypothetical structure of humic acid showing free and bound phenolic OH
groups, quinone structures, oxygen as bridge units, and carboxyls variously placed on the
aromatic ring. From Stevenson (1982)
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Potencialni struktura fulvo kyselin
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Ol =¢ C—OH---~-"— 0= ¢
~OH
<’ ol
v 0 NOH-—==" 07} - e Ofg o
d i OH  f~ou H  OH
| ! ? \
i | \
‘ | | \
| p : }) L
I 4 , N S N
OH 1 C
Ho-¢ oH it
wd S g
Ho—¢ Cmp~=—"" SOH--=====- HO OH
0o ¢=0 on P OH OH
OH C C
o”%on '_ ow
=0
OH
FIGURE 5. Type structure of fulvic acid as proposed by Schnitzer and Khan (1972). Used by
permission of Marcel Dekker, Inc.

OH COOH CH20H
HOOC X OHy B A
= AN 2 9/ \CH\ Hz
HOOC ™ 7 CH, O CHp—COOH
\ 6 e
CO0H OH CHZ—Q/C@OH FIGURE 6. Type structure of fulvic acid
0 COOH as proposed by Buffle (1977).
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Humus

Struktura

% aromatické a cyklické struktury,

%  boclni fetézce,

% funkEéni skupiny: - COOH, - OH, C=0, -OCH,,

% identifikace - po frakcionaci, hydrolyze, oxidaci, redukci —
typické produkty — aldehydy, ketony, alkoholy, karboxylové
kyseliny, aminokyseliny,

% frakce — huminové, fulvo, hymatomelanové kyseliny, humin,

% huminové kyseliny — slabé disociované, vicesytné organické
kyseliny; K = 104 — 10-,

% v roztoku se chovaji jako micelarni koloidy, koloidni Castice

maji zaporny naboj, isoelektricky bod — v kyselé oblasti,

Research Centre for Toxic Compounds in the Environment
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Strukturni podobnost huminovych kyselin
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Fig. 1. CPMAS C NMR spectra of some litter layers of temperate forests, ash (Fraxinus excelsior),
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Potencialni struktura huminovych kyselin

Substance groups S G B
Substrate  Basic  Bonding
unit
O proteins (pnmary hm he %
Q carbohydrates o ho bo
O lignins Im «» hm he (ho) he

: o humic substances !m <+* hm

-o
1. structural
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position 3 t :} ; E
Figure 4.2.15 Synthesis of 2. Hypothetical structure 3"
humic substances
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Strukturni model huminovych kyselin

carbohydrates,
proteins,

- lignins,
enzymes,
defined
organic
compounds,
clay minerals

BS

Figure 4.2.16 Structural model of a humic system (after Ziechmann and Miiller-Wegener, 1990)
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Strukturni interakce huminovych latek a jilovych
mineralid

%  komplexace Zivin a polutanti

r\fﬂ
0

: |
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0 I d
R-(liH O-(sugor) /OH;
0 N 0 HO CH—CH, “oH,
{ |
0 0 CH o
4 /
h;H 0
R-(IZH (peptide)
o
NH
i
FIGURE9. Schematic diagram of a clay—humate complex in soil. From Stevenson and Arda-
kani (1972).
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