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Table 1.1 Classification of plant nutrients

Nutrient Element

Uptake

Biochemical Functions

Ist group
C,H,O,N,S

2nd group
P, B, Si

3rd group
K, Na, Mg, Ca, Mn, CI

4th group
Fe, Cu, Zn, Mo

inthe formof CO,, HCO;-, H,0,
0,, NO;-, NH,*, N,, SO,2-,
SO,.

The ions from the soil solution,
the gases from the atmosphere.

in the form of phosphates, boric
acid or borate, silicate from
the soil solution.

in the form of ions from the soil
solution.

in the form of ions or chelates
from the soil solution.

Major constituent of organic ma-
terial. Essential elements of atomic
groups which are involved in en-
zymic processes. Assimilation by
oxidation-reduction reactions.

Esterification with native alcohol
groups in plants. The phosphate
esters are involved in energy trans-
fer reactions.

Non-specific functions establish-
ing osmotic potentials. More spec-
ific reactions in which the ion
brings about optimum conforma-
tion of an enzyme protein (enzyme
activation). Bridging of the reac-
tion partners. Balancing anions.
Controlling membrane permeabil-
ity and electro-potentials.

Present predominantly in a chelat-
ed form incorporated in prosthetic
groups. Enable electron transport
by valency change.

fj-ﬁy%“ ji NO-3 C)\j\"-‘\j\ C)Uﬁf 3))...0 L;.c U.\.-’UJEM U jT C)\.?.;J\ Jo-t

(st MW o NH3 WsaVl g Ny nraid] U 3000 oo ol )l Jsl -0 NHY,
S Leiny jT Cadey M Ny Cnomg i) g}\ o) dans 3, Y1 A leall S
)
el Jid 9 L)) ULl & bl 8ygnay il g\ (Actinomycesalin

o5V gl L (Ol ST ens wy IV Sles by gl

Rhizobium fj':'?jj':’gj\ L@M Lme 3.2.33.3 i oS D959
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Fig. 1.1 Magnesium bridging an enzyme with adenosine triphosphate.
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Fig.1.2 Chelation of Ca*' by ethylene diamine tetra-acetate (EDTA).
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Fig. 1.4 Chlorophyll a molecule. In chlorophyll b the CH, group is substituted by a CHO
group. The 4 pyrrole rings are indicated by I, 11, 111 and V.
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Table 1.2 Water content of various plant tissues and materials in % of the fresh weight
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Fig. 1.5 Effect of increasing Mg supply on the Mg content of cereal straw and grain (after
SCHREIBER [1949]).
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Fig. 1.6 Contents of N, Pand K in oats during the course of the growing period (after SCHAR-

RER and NiNGEL [1960]).
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lable 1.3 Mineral content of different plant materials (MeNGEL [1979], p.209)
['lement Oat tops at the  Oat grains Oat straw Rape at the
tillering stage vegetative stage

mg/g DM

N 39 17 4.5 56

Ik 4.4 4.3 1.2 4.9

S 3.2 2.8 3.3 9.3

€| 15 27 14 12

K 43 6.4 14 46

Na 5:3 0.2 3 1.3

Ca 9.4 22 9.0 29

Mg 2.1 1.2 1.0 2.0

Si 3.5 1.8 33 34
ppm of DM

e 74 53 85 550

Mn 130 80 50 250

Cu 7} 3 23 7

B 6 1.1 7 35

Mo 2 1.6 1.0 -
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Fig.2.2 Principle of cation exchange. Ca** is replaced by 2 K.
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lig.2.5 Tetrahedron and octahedron, structural elements of clay minerals.
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Fig.2.6 Schematic presentation of 3 main clay mineral types.
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Table 2.2  Comparative properties of three major types of silicate clay (after BRADY [1974])
Type of clay
Property Smectite llite Kaolinite
SIZE (I 2. 8 s 550 S0 o uins S s sauine 0.01-1.0 0.1-2.0 0.1-5.0
SHhAPE e sam sonas s o sEvas s e o Irregular Irregular Hexagonal
flakes flakes crystals
Specific surface (m?/g) ................. 700--800 100120 5-20
External surface ...................... High Medium Low
Internal surface....................... Very high Medium None
Coligsion, PIASHICIY « o vemen s wow 5o s High Medium Low
SWelliGZ Capatty: e sum s v vy wam s High Medium Low
Cation exchange capacity (me/100 g) .... 80-100 15-40 3-15
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Table 2.3 Content of organic matter in various soil types

Soil Types % org. m. based on weight
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Table 2.5 Relationship between the diameter of soil pores and the suction tension of the
water held in the pores (D BoopT and DE LEENHEER [1955])

Size of Pores Diameter in pm Suction Tension pF
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Table 2.5 Relationship between the diameter of soil pores and the suction tension of the
water held in the pores (De BoopT and DE LEENHEER [1955])

Size of Pores Diameter in pm Suction Tension pF
EOATSE & o imwvrwmssversisi wuvus svwss s stosis mRvs s -50 <1.8

Medium ... 50-10 1.8-2.5

Fine ... 10-0.2 2.5-4.2

Very fine . ... 0.2 4.2

Ll (65 e e bl g Liias 3yga o b oWl Yol Latf Rl (3 deld) UL
o s n g W olianalyy T ST 050y (Riios P 2ad) il
Sl il olyg e 080 0 e 56y U 20 sl
iblog 390l W Seudt aboidl ) Tl oty (i sl s 0B B3l Oligy
g 1y sl Jlenzal e 3306 58 DL s 05T Ladze gl ¢ olansy)
1hd o Jpdll oot sdie gl S agdhly el @ B @ el UL
el dbaiy c3sl Jodll abs op el ool S&y . (Wilting point) Jgdl
slel e aalas¥l adl> sy OF w3l Jod)) dl= (3 L) ek o (oI
2 2w L Jpdl) oay o (I Jpddl Wl 3 ol st e 3 sl B
SU gl o W g sllanas B Jodll abi Ca K6 Yy Sl A
SW e 06 Lt Jpdll abs ) el 8508 SUL sl OB S5 w25l
Bl Oy ally UL Olol e dbsiiall dedl) daz e )L 15 = 10 Jls%
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Fig.2.7 Relationship between the water content (%) and the water potential (bar) of a clay
soil and a silt loam soil (according to data of HEATHERLY and RussiLL [1979]).
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Table 2.6 Effect of O, partial pressure in the nutrient solution on the relative uptake of P
and K by tomato plants (HoPKINS et al. [1950])

O, Partial Pressure Relative Uptake

bar P K
0.2 . oo siopmimmsnmse sunce simmansie S S48 B0 Hans 100 100
0:05 = s wan o 156G TRESENES ReE pees s 56 75
0005 o s e wass s s @a6 wamvismee 30 37

Loam ¥ w3 bl Y oSy SUL jedd emnSIL sl
el S od o enes Tl e il sl & oSV 2 o kB
sainS G il 3 G ) Bl 1Sl sda mdss Eom AR (3 3semsh)
Sy 1A 35S DLl r elsbl o W OV R 3 el B3L5 208Dl 0
sy A1) Ll o gl U (st ol OB S Lelsbly Besle Sale 0SS
A2 S LLesd)
Aad Al B SIS e 24U AL SLS (ST asleadl g bl o S
B UL e ple 30 13 slee Jazs Sl (21 e 22U SLSU odiag
PV susy sl asley diladly GV dsSy Ollly bW e
Al e ey psadl sds Sl g CULY 8 G S LY R
g S ST e Bl ST L 6 e Jlo G0 cn ) Gl sl
@ LAl By oLl 5 me Jalad Bde aorls ds S U o) LA
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(Takai et al., 1957) &,s02l)

Table 2.7 Steps of microbial metabolism in waterlogged soils (TAKAI et al. [1957])

Step Main Reaction Initial Redox
Potential (volts)

First stage

ISt e O, disappearance +0.6~+0.5

2 1 R T E T i Nitrate reduction +0.6~+0.5

ST s s s o s e S R S SR S s Mn?* formation +0.6~+0.5

BN v s B s smmsen e s e S Wen 9SS 3 Fe?* formation +0.5~+0.3
Second Stage

B e T Sulphide formation 0~—0.19
sulphate reduction

L o e T T H, formation —0.15~—0.22

TR, cos v ssosarcswsraieserane, svors: st siacs sae sketsr svave s CH, formation —0.15~—0.19

S dh b Sl a3 S U el IS Bl als )

(eihd) Sl ]SS Jip) o A ede @y i sl 2]
Ol 5L 05Say Hy Sl 050 Jaisdll (S350l aed! dis 3> (8.1 )
OF e Y ael) e Leid 8 Bl Al alo] dale slge SIS (ST
Bganl 33U e a M ) (el 13 o Bgaa) S L) Gl G Rl
Qs Bypaall 53U 0L aRaL) L) s am g (S350 dem 3 LY Ao 0SS
el aaddl ad oWl WY Vel sl e
OB (Tanaka and Yoshida 1970) « ¢l U [ER5Y .(Ponnamperuma, 1965)
506 0SS (ST ol Il V1 g 06Ky ) pudkly Lol sy 2l )

2395 B A bl 5SS ol 653 r id & g bt ] S3 e b e
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I'ig. 2.8 Soil profile of a submerged paddy field soil (after MATSUBAYASHI ¢f al. [1963]).
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Plate 2.1 Upper part,normal rice roots growing under an optimum redox potential ; lower part,|
rice roots affected by too lowa redox potential, lateral roots are covered with a black]
coating of FeS. (Photo: TROLLDENIER)
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Fig.2.9 Principle of H* buflering, 2 H* exchange for another cation species (Ca?*).
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Fig. 2.10 Relationship between soil pH and soluble soil Al (after LATHWELL and PEecH [1964]).
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Table 2.8 Effect of the AI’+ concentration and pH on the growth of barley (Viamis [1953])

pH Alin ppm Yield DM in mg
D) oo o5 wies e T SO SUSIREN KW AT HOR BeE B 1.8 139
A ciwass e wims Gen ST S T N R 0.35 315
U8 i vy sy s . S S ST G RS 0.30 353
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Table 2.9 Optimum pH values measured in KCI extracts for various soil classes (SCHACHT-
SCHABEL [1963])

Soil class optimum pH range

Clay content

SANd s sen sen e s 10 ek SEE TR Wh e N6 5% 5.3-5.7
SANd: covimman s wes vas suw aen S s v v 5-10% 5.8-6.2
SANAY OIS i s sone svam wavs ows wwsss s e e 10-15% 6.3-6.7
silty loams and €lay. .....n e see oo o s -15% 7.0-7.5
organic matter

humicsands............. ... ... ... 5-10% 5.0

humicsands. ............. ..., 10-20% 4.8-5.0
PEALS, 55 Lune iy TSR Rl iG-S 20% 3.8-4.0

Schachtschable, il plss BMe &) Ll godd (2Y1 gy padl (301 O]
Walgest 8315 (3 &bl Bl iy dpgunall ) 3 TS L 0,6 2o 1963
LAl @ Aol baiie 050 Y O (g sempptdl 30 O (9.2 gy cnlal) e
M pHI 0B Wy &) LR r el (3 858 Lgzndey BT 2 ctyginal
yshwsil) ol Al 06SS sday . (Lucas and Davis (1961) La s pde oo dp
3 o 0l 112 IS e eSS Sy L Sliglly olondlly emlly sy
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Fig.2.11 Influence of pH on the availability of plant nutrients in organic soils; widest parts
ol the shaded arcas indicate maximum of availability (after Lucas and DAvis [1961]).
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Fig.2.13 Contact exchange between a clay mineral and an epidermal root cell, showing the
dimensions involved.
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Plate 2.2 A photograph (left) and an autoradiograph (right) showing the effect of maize roots
on the distribution of Rb-86 in the soil. Light areas show Rb depletion around the
maize roots. (Photo BARBER)
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Fig.2.14 Nutrient depletion pattern at the immediate vicinity of the root for a soil with a high
and with a low nutrient level in the bulk soil.
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Table 2.11 Ton concentrations in the soil solution (water saturated soil) in mM (Friep and
SHAPIRO [1961])

Element Range of all soils An acid soil A calcareous soil
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|\ P 0.16-55 12.1 13

| 2RISR 8 < 0.001-1 0.007 <0.03

S s e 5 < 0.1-150 0.5 24

Gl s s sevss 0.2-230 1.1 20

SV AR e isis deadl O 3 eV OLSH 055 wals i
Llas 0B 1y il s WS adle 1l Jsl 2358 3630 0,5 of Uil Yol
.(Adams, 1979) LS5 o ST Lae¥l @3 g OF gy s n V) gl Ll
aSJg 84id1 5.3.2

555 0L o) 1aby e 355 LT AU bdall SbLdl se5 Of 2
s b el Gl @ e Of G B Jgl 3 ALl oL
57 T i all Jole 3 Al S e demm ¥ ARl e OB sl (oLl
5 Oy ikl 55 e dsblndd Bl 3,05 e Ll sy b Jaib slans
e & A SN L 055 Rl sl il S s e g
RS PR

Bole Sy 365 OleSe ol ) 2l g LAl sds 0B Ligesy

o IS il U s sday L Baioiie SIS A Jale (3 B3pmse 05T

110



Sk ST 3 W1
i Jsle Of amld) uy Lo Tolazsl Com BBy ol K pprlisdly sionsdl
Lty 1S/l K 30-105 ,Sa [ (P) jshonss oS 1.0-0.5 L& s34
Cod) Jeol2 U Juasy s e ST udill pds e eyl 0
eF sd) o2 sady by 2 [ oS 1005 jpiest s (2520 L
G Moy KGP (3 2l s OF 8580y o b Loyt G & 2700 By b
3lo) ) aslay OF g ol dblug wl Jole o ol i Jlasl O
A Clall kel e aigl) sl
Jole L8y Al (3 (R i) sdal) e S e s OF o) 1
bliV) 558 oSap @l (1) ad) Joleg AU i) 2aS7 g ) (Q) &S
A dske 3 Al 5SS e A Bpa B Bele gy AL A
O s gy e dall Sy (dad) Bas 358 5T e sl 2 Schofield (1955)
IS W) daS” o mpd) W desm Vo B (3 AU s e sdgdl) ps O
s oy A (Slee) Slgd W Ly G sl e Al G sassl
Schofield _»,¢ 15y .5 =Y asldl wLiall an e Lafy joiwsd Lo (5
By 2L Gub o8 45 Y paeelisdl Al o (SIS e 05 il 34 1947
Ll IS sl slg] e il pgenlisd) U S5
Aegn e ) B g LA 0SS (Sdrad) 2Ky 5l Lelss O]

A3 pshesdll W ol CISs d ) il OF e 152 S 8

111



uU\Vo&uou\wLJ

.(Williams.E.G, 1970)

ZAAN

4 1 \

Intensity e———p— Nutrient concentration
in soil solution

\ ! Rapid
/ Labile pool
; Slow
Quantity e Nutrient released
during growth
A
Very slow

Bulk mineral and
organic reserves

Field rooting volume

Fig.2.15 Intensity, quantity and nutrient sources (after E.G. WILLIAMS).
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Fig. 2.16 Relationship between K™ intensity and K+ quantity for two soils with different
adsorbing capacities (Soil A high and Soil B low).
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Fig.2.17 Relationship between the critical K ' concentration and the K ' buffer power (MENGEL
and BuscH [1982]).
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Fig.2.18 Phosphate adsorption isotherms for two soils differing greatly in ability to adsorb
phosphate.
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Fig.2.19 Effect of localized supply of nitrate on the growth of lateral roots of barley (Photo:
M.C. DrREW).
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Fig.2.20 Root density of maize grown in a silty loam with a high air pore volume and in a
loamy clay with a low air pore volume. Density was measured by isotopes and is
referred to as No of counts (after MoHR [1978]).
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Tuble 2.12 Nutrient requirement of maize per unit root length in relation to the age of
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Root hair density of (hree different wheat cultivars.
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Plate 2.4 Bacterium embedded in the slime layer of a root. The slime (mucigel) has been
dissolved around the bacterium. (Electronmicrograph: Gucekert, Breisch and
REISINGER).

S gianll Sl e Tode a5 5eddl OB Gl WL S 1 Cils
Jingy sl Ladls Ledel gl apaall olaVly ol Slly aael) oY1 Lgies
3 e & aasl ad) Sl 2l 15 oLl el 15 e olSU sda 2

130



S\l b ST S
sda sdas &> ((Rhizosphere) (joid! o dg ) dalaie) (5,3 M) dabkas
gl Sl Jo S sda blii dazmyy .55,al Gsaall sl e o)
o 5, )1) (6) ) OV diane (3 28301 LSS sl bl dazny ISy L35 40
cf o ol iy U L ey Ol SR D62 Y1 e S0
OF gm Moy pddd I Jaall cldl iilas ly o e SliaST 2B 2 Ll
o A ey 0k O aikd) Ofy Lo 0s% el 21 bl
Aggianl) 05 S S @sl) (g
Ay ggianll SUSM (ehorse ) (540 SV dilss (sl5)) e Ol
b 3 Al aadl) sV 0SS Iab aasl LY g i (el ol
@ sl oS eds das o> ((Rhizosphere) siwss )l (6)dd! S
o3 oy U Js2 al e w8 e UL Grtese ) (i) OO aiais
sl dhes mly e Wgine LS R Oy ol o2 LU ol Jay JU L
SO aalad) Ofy Wle 05 jadomll (231 LLeall OF oy 1ay ol U] Spa)
Agganll 05 S S8 T 395 (A or g ) iy (5,
Sy Bipiaall LS (s )y (1 O adlase (s a0y
@ ale 2ad L) LS 0S5 by 1531 sl Y1 4 a8 (Bl ol
ailad) oda gyl LAl ST (Rhizosphere) piwsy )l (6,0 OV diloss

1kl sds ol wdly (g dd OO adlenl) 2ABA) Sl WS oy B

131



100 Jd) Jar OF Sy

(S =(Soil) wz >3 R =

oWlos o\:ﬂ\,\:\

Rhizosphere)

A 4l 3 LK) Sy S/R op Al 13.2 Jad s < (Katanelsen, 1946)

Lol

e

s} Rhizosphere

(k]

.(Rovira and Davey 1974)

Table 2.13 Bacterial colony counts in the rhizosphere of crop plants and in the root free soil
(after Rovira and DAVEY [1974])
Crop Colony count R/S ratio
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Fig.2.2] Schematic diagram of the association of vesicular arbuscular mycorrhizal fungi and
a plant root. The external mycelium bears large chlamydospores (CH) and occasional
septate side branches (SB). Infection of the plant can occur through root hairs or
between epidermal cells. Arbusculae at progressive stages in development and senes-
cence are shown (A-F) as is also a vesicle (V). To avoid confusion cell walls of the
root are not indicated when they underlay fungal hyphae (from a drawing by
F.E. SANDERS, p. 129, Plant Root Systems by R. Scort RusSeLL 1977 by courtesy
of The McGraw Hill Book Company).
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Table 2.14 Readily-soluble P values using various extraction methods. Results obtained from
40 soils (mg P,05/100 g air dried soil) (WiLLiamMs and KNIGHT [1963])

Extractant Phosphate content
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Total unlabelled substance  Unlabelled substance in any sample
Total labelled substance

~Labelled substance in anyvsample
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Fig.2.22 Relationship between the rate of N mineralized and the C/N ratio of the organic
maltter (modified after vaAN Duk [1968]).

A & P gl i Toges SN Al » ) Gt diybs

Bl B od pads (e by G dl e OF ) A (b e
O5SS amdll 878 oW1 @y Lakensd) dR )l e La3sn aulal 3-2 5L 3725
(3 el el Bdak Laseg e g b Lemly W5 aasl ) S
8l NO3 9 NHa I 3l o 2lilly sl 856 oW1 citad VN 2870l
moy By Yl o A 8 pd cemrd) ed Llde s
odn sl Jo sdezall gl paid wlaadl (el oWl Bremner, 1965

159



Sz el
g o)

SV o el dhonzal 271 plad) jodd) Bibn 3 Ol gt puE
(Borst and Mulder 1971, Soper and &) & Ul gl liaS” #lon,
gl g A 3 awsn Al eda wdeluss Wehmann Jaszely Huang, 1962)
Bilis o (ol ) gl b B 3 lall dtg o UT G edl]
@ LA e gl 150 Jls>) dopllll Slis sdag (e Al Joar 8 Gany )
sds .3d>ly dcle 37 CaCly oo .INO +NaCl oo N1 o 600 = coalsnals
ke e JS ey aede 1)l NHy posise¥) ol 0y Il absciey 33 Jal)
5pS OleS odory Ly sl ST Il 0K wale Ry L raid) e i)
organic manure (sseaall JLU) L] die bk NHy-N psssel 350 (3 o) o0
Al R sb ) g lzeV) @ Al Wy (Slurry) Blsd oWl ol
fabsid) NHy™ + NO3 2l gl 208 Ol o3850k Gasy 2700 blasaily
s G (k) eSS sy S LT e
oy moy 3 Sdemll o * o4»9 ¢(Scharpf and Wehrmann 1975)
o S Ll R Ol e el moss sl el
W 3 Ay g“;J\ CL:l\ 97l eSOl weos (Wehrmann and Scharpf 1979)
il o JS 8 50 OF am Mg (N 3l gl BLL Lt OF % o))
IS [ N o=ST140 = 120 Jdns 3 0550 c Lkl g idly w701 3 L

160



Ak ST bl Ll
St gl e T Ol gl e a1 Jdae 8| aiad 2aSl odayg
Ll Of e 1 BLoYL Lol aall LUT 3 sl O b o F (gt modl)
2 S [N oS 60 = 40 L Cliay s dlalas oss 6 ¢ gy S
e B plas (3 ) gl pad Bkl ods ey L gedl e e A
IS OV sy ol N s (3 8k b WL 23T &)y " method "Nmin
o S Ol B L o B A 3 ey Tl a A GUT G sy
eVl Jlaninl Gogl) Ll pé @i bl oday .(LSa [ N =S 30 < )N
)l Joad By ) faab ST dmg )
Iondlg SLlg Byg)) Jdos 8.4.2
¢ Al il oLl o =T Ll e ol sl W2 ol
LolS" Came e o Ll (ot 0l LS 0T 555 ol s oy el odng 250
o AT des ag bl ods Lundegadh (1949) ExUWl job . ST a3 o O
oo b agdd ol OF b 351 ale e A Tl ofy e 2w 30
gl sl OF o il e dele oy Bl eod STy il (3 ol L
Belss sam Ll il 0l b 2l 3 oLddll s Lo b dem ¥ ol 3
A Lo Jeaty Lyt o O 3l sl
I e Y WCH Ve RPN e (P VI O W £ P EP

o dal) a2 05 Latisy (Smith, 1962) 18 o 23.2 K2 3 o g

161



oWlaas el
oo sy Lo Ll 050 sadl Juns 0B ditor Laisnse 0Ll s 3 9355
UYL U SR (i o) Joee B3Lp R 3 S mds (s ddl)
3 byl 5 6l 0y sedl Jine ey 35U Al N 3y Ll sl W)
Gl g 3lap ST (gdal) e (stly gl Jame SIS sls5g L did) e (so25t]
Mo o ST R 3 il g e madl CBm Ll OF ) il 3
o S S G o 3 el Jiae e el e S0 T sl
o ¥ el A sl a iegll abidl) OB (Rduledl) Bdeall 2180 (s il
@Rl el BLo| O)y oLl 3 @Il g2 Bl A Z YD (3 83k o s

oLl g e s L Loxoly ¢ gadl Cana) i de Ol gieg

I Critical level

| \

Growth of yield

Severe Mild Luxury Toxic
deficiency deficiency range range
Concentration of minerals —_—
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Table 2.15 Trends of mineral content in relation to plant tissue age (SMiTH [1962])

Plant Decrease with age Increase with age
ADPIE s cmvans semay s v Sesen vev s N, P, K Ca, Mg
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CHIUS « ettt e e e e N, P, K, Cu, Zn Ca, Mg, Mn, Fe, Al, B
CHFOSICERUIE) « s ois o o seied S, 35,5088 N, P, K, Mg Ca

B & seovon s oo smnes aes £y o8 S9mes o N.,P, K Ca, Mg

PEACK: «o wsvsnecs svommnns srm st svaie Seterns s/em) v N P; K,:CuiZn Ca, Mg, Mn, Fe, Al B
Pine .. K Ca

Vegelables ...q s ses sun o % sasas van N, P, K Ca
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Table 2.16  Appraisal of the nutrient status of the ear leal of maize at the flowering stage
(CHRISTENSEN cited by GoLLMmick et al. [1970])

Element In % in the dry matter

Deficient  Low Adequate High Excess
TNl el e e BT a5 e <2.0 20.-2.5 2.5-3.5 355
Pic o sormiais onis G Hels W 8 S & 0.1 0.1-0.2 0.2-0.5 0.5-0.8 0.8
T L T 1.0 1.0-1.5 1.5-3.0 3.0-5.5 55
Ak v svmavins svwis swvenive sk s 5 0.1 0.1-0.2 0.2-1.0 1.0
IVLE: v Simunions ssinsssmusoone Samin sssimcosions 0.1 0.1-0.2 0.2-1.0 1.0

In ppm in the dry matter

Deficient Low Adequate High Excess
IVEEG wiasns oone ssmmmans ssons smsavans oo s 10 10-20 20-200 200-350 -350
Ei@es iz o emmmomons simss: eomssirasse sz Hsia 10 10 10-300 300-550
B 5 e wiein Bt o el s spedd 2 3-5 6-40 40-55 55
Gl sisn s nores 598 Sowes aeE v <2 3-5 6-50 50-70 70

Lillierions v EvEvamowes SOn SRR G <15 15-20 20-70 70-150 150

Joidkl @ T B 3gm il Jlna as b1l odis oo slis) ¢ iy
3 -(Naubert et al., 1970) -l Blysl (3 Akl Sy (s b s 17.2
godl i Olol (3l Slgzdl (35S ol gl 5 g 2l

Byl kil 18.2 Jads & Coeog MY odd JliSy . (Champman 1960)
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Chapman, 1966, Gollmick et al., 1970, Kozma, 1975, Bergmann ) Jmabwﬁ

.(and Neubert 1976

Table 2.17 Nutrient appraisal of apple leaves, sampled at the base of new shoots (NEUBERT
et al. [1970])

Element In % in the dry matter
Low Adequate High
TN, cinie sie asmsnsmrn sxeiosos nie SHoysiase €8 miman R aibisin sEeusieuRese SHORSERSH < 1.8 1.8-2.4 - 2.4
Plnioros o soms a@swisn savion o soias mivse Jraems senes <0.15 0.15-0.30 --0.30
s i v somvswass sssssmponans sssmwEs NS ORI SE YRR A RN b RS ]2 1.2-1.8 1.8
CRllriece o simisimes ssm spsoos Sisssonaians Sibumsens sde Fibbasone sisarimsn Sae.25mse < 1.0 1.0-1.5 -1.5
WIE s s o3 Somnm o SRS S0 Soman TTmas SE NGRS S <0.25 0.25-0.40 --0.40

In ppm in the dry matter

Low Adequate  High
B s svasains wovRve e SRR TS SRR SIRCONOE (o WANSYR SIRUSESE 65 25 25-50 . 50
U ettt e e e e 5 5-12 - 12
WMtz e soves Sommes O S ooy s Tares T Sena § 35 35-105 -105
Pilhicssvvass wsosiam: o SEATaves s SUGVIGS N SIGTGKS SO SRSV WA «25 25-50 - 50
I «eivios oo eiminins siminimin oue sisimimiassts simimioss st ssapecese sisisses sie s <50 50-150 150

Table 2.18 Effect of variety on citrus leaf composition (BAR-AKIvVA [1970])

(Percent in dry matter of 8-9 month-old leaves sampled from fruit-bearing terminals)

Variety N B K Ca Mg
Shamouti orange ............. 2.13 0.12 1.25 6.27 0.21
Washington navel orange ...... 2.26 0.10 0.91 6.13 0.17
Nalencia orange ... .. oo swes 2.10 0.08 0.56 7.02 0.23
Marsh Seedless grapefruit ... ... 1.68 0.06 0.90 6.02 0.25
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Fig.2.25 Relationship between the nitrate reductase quotient and the yield of Lolium (after
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Table 3.2 The effect of an increasing Mg application on the content of various cation species
in sunflower plants (SCHARRER and JUNG [1955])

K Na Ca Mg Sum
me/100 g DM
Mg e 49 4 42 49 144
B e s summmonsons ssovae)savme ssezvsoss 57 3 31 61 152
Mg oot 57 2 23 68 150
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Table 3.3 The effect of an interruption in the K supply on the cation content of young barley
plants; interruption period 8 days (ForsTER and MENGEL [1969])

Roots Shoots

Control Interr. Control Interr.
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Table 3.4 Relationship between cation uptake, anion uptake, change of organic anion con-
tent, and CO, assimilation of young barley roots (HIATT [1967])

Nutrients Cation uptake Anion uptake Change of organic rel. Ass.
(1 me/1) inype/g anion equivalents  of *C
K,SO, 17 <1 +15.1 145
KCl 28 29 — 0.2 100
CacCl, <1 15 — 97 60

ST et leg bl @ eV oW @ el s W
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Fig.3.11 Influence of the level of nitrate nutrition on the accumulation of cations, organic
acid anions and inorganic anions in tomato plants (after Kirksy and KNiGur [1977]).

IR Byge 3 Camail SAL UL OF Lsly 055 oMol o) 7201 g

s WSy gl UiVl Ul e e Olgian e s5f NOs-N
Biaksin ST e WG d (NHYN) psisedl gy 3 UL
coal g olall iy disas LTy (Ky Mgs Ca) s b SUssl o0
Jsad! e 2y 1day (Coic et al., 1962) alle SISy dg (CLP,S) wlssls’
Sas 3 ael D ol 3y 3y 35V e Ol e s 5.3

NH4N psssal 830 3 g ol NO3-N OIS 00 (3 g

224



At el o\l i)l L)

Table 3.5 Influence of the form of N-nutrition on the cation-anion balance in white mustard
leaves (KIRKBY [1968])

Cations Anions
Ca Mg K Na Total NO; H,PO, SO, ClI Org. Total
(me/100 g DM) (me/100 g DM) acids
NO; 107 28 81 5 221 1 26 25 25 162 239
NH, 72 22 40 7 141 1 25 25 31 54 136
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Fig.3.12 Relationship between the ion concentration and the rate of uptake.
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Table 3.6 Influx characteristics of intact 18 day old maize roots growing in solution culture
(BARBER [1979]).
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Fig.3.14 Photosynthetic e~ transport chain.
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Fig.3.16 Possible electron acceptors from ferredoxin.
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Inner thylakoid space (pH =5)

Q-PQ = Quencher plastochinone complex
PQ = Plastoquinone
PC = Plastocyanin

Fig.3.17 Coupling of electron flow, proton separation and ATP synthesis in the thylakoid
membrane.
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Fig.3.18 Reaction of a H-carrying redoxsystem (plastohydroquinone) with an e--carrying
redoxsystem (cytochrome f) and associated proton separation.
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Fig. 3.20 Reaction sequence of the glycollate pathway.
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a)

b)

Plate 3.1 Transverse section of a young maize leaf showing characteristic ‘Kranz’ anatomy

mesophyll cell

bundle sheath cell

stoma

vascular bundle

as seen under a light microscope
a) Photograph (Photo: EVERT)

b) Diagramatic representation indicating the main feature (courtesy of Dr. A.J.
Krvs).
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Fig.3.21 CO, assimilation of C-4 plants (C-4 pathway).
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Fig.3.22 Carbon pathway and compartmentation in C-4 plants.

RUBp  jeheS3,S livesdl) JU jlsn, @5l pas s Jaud) il €O, )
EE g g;}"éj\ o) dbla g ]MQ\ olazdl «as RuBp 3LST o carboxylase
Qs pots | Co4 gl 0B (A 8,93) €3 jlos S0 e 241 CO, 552k

C-3 UL el e 5)lag a5e LS JDaneY  Liabl 06, 1a
(e Sasd D

270



A sl olasad e Jell Ll

COy Jf 3 Al C-4 ol gl 065 U ks ) gl ol 0]

(v‘}f sy C-4 e & Hjlin 5}350 Compartmentation &lpn> Cilsg oo
Pyruvate 5:Ses Slivsdl cderd) a3l dmsy cadlisndl & kS5, S PEP
Jortagy o Jawdl el WOl ad) wluzlU @ phosphate dilkinase
el LSy JizY NADPH bnzie Ssall kied) 3 Malate dehydrogenase
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Table 3.7 Variations in the biochemistry in C-4 species (after RAy and BLAck [1979])

Decarboxylation Energetics of Major substrate Representativive
decarboxylation moving species
from MC  from BSC
to BSC to MC

NADPH malic enzyme Production of Malate Pyruvate Zea mays, Digetaria
I NADPH/CO, sanguinatis
NADH malic enzyme Production of Aspartate  Alanine  Atriplex spongiosa
1 NADH/CO, Pyruvate Portulaca oleracea
PEP carboxykinase Consumption of Aspartate PEP Panicum maximum
1 ATP/CO, Sporobolus poiretti

MC = Mesophyll cells, BSC=Bundle sheath cells
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Fig.3.23 Scheme of Crassulacean Acid Metabolism.
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Fig.3.24 Scheme of nitrate and nitrite (nitrous acid) reduction.
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Fig.3.25 Phrosthetic groups of the nitrate reductase and the sequence of reactions (according
to GUERRERO ef al. [1981]). NAD(P)H denotes that both coenzymes NADH and
NADPH may function as H donors.
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Fig.4.1 Osmotic system:

a)

Semi permeable membrane
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a) Net water movement from a higher to a lower water potential.

b) Equilibrium between both water potentials due to the high turgor in the sucrose
solution — no net water movement.
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Fig.4.2 Relationship between cell volume, turgor, osmotic potential and water potential.
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Fig.4.4 Transverse section of a young root.
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Fig.4.5 Centripetal transport of water through the root towards the vessel
a) Young unsuberized root allowing apoplastic and symplastic transport.
b) Suberized root with Casparian strip allowing only symplastic transport.
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Table 4.2 Relationship between soil water potential and the water potential of soya bean
leaves

Soil water potential, bar Leaf water potential, bar
0 to -0.1 -2
0to -0.2 -4
0to 0.4 -12
0to-1.0 -19
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Plate 4.1 Parenchyma cells bordering a metaxylem vessel with a pit in the cell wall.
(Photo: KRAMER)
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Fig.4.6 Schematic cross section of a leal showing guard cells, stomatal pores, stomata
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Fig 4.7 Distribution of labelled P in the leaves of a peppermint plant. P-32 was supplied to
only one part of the root system (after RiNNE and LANGSTON [1960]).
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tomato plants in relation to the level of K-nutrition (Exudates taken in the first hour after
decapitation — sulphate varied in nutrient solution) (KIRKBY ef al. 1981)
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Plate 4.2 Sieve plate in a soya bean petiole which was quickly frozen in situ. The functional
condition of this sieve tube was established by microautoradiograph.
(Photo: FISHER)
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