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source of all energy, guides the energy-driven processes on earth and govery
climates. We have discussed how different environmental components

A

growth, development and yield of sorghum, especially in the adverse g N/
conditilons of SAT. Several techniques have been formul{ncd to evalual;?cﬁlhg: ‘ § 1/~ MINERAL NUTRITION
germplasms and their responses to plant environments. There is a ne 1
cultivars adaptable to diverse environments. Simulation modeling ?;:106% : A OF SORGH[JM .
predict the growth and development of crops under diverse climates and differy ;
environments. Simulation models can estimate the yield from a region withy;
variable rainfall and a range of soil and crop management practices. Thisap
could be utilized to develop plant ideotype and predict crop growth and g h_’
stages. The crop growing conditions of semiarid regions cannot be subs =
improved although some improvement could be made by adopting good mang Al jiving organisms require mineral elements to sustain life and to grow and
ment practices. Plant productivity can also be improved by developing pigjiop, and each organism is different in its requirement for specific mineral
capable of withstanding unfavorable environments. More research effort i . greats. Sorghum is a cereal and cereal crops have mineral element requirements
to improve crop productivity in unfavorable environments. {5 are different from noncereal crops. This is specifically true for nitrogen (N),
iz cereals do not now have the capacity to fix their own N from the atmos-
gere. Even within the cereal crops, sorghum is different from the other species
s group. Compared to maize, sorghum may be considered to require lower
aounts of mineral elements, because of different growth rates and amounts of
jymatter produced.

Without adequate supply and balance of mineral elements, sorghum will not

mwell and produce adequate or desired end-products (grain and/ or fodder).
mionmental conditions, soil type, capital assets, cultural practices and other
wors dictate the amount of mineral elements used for the production of sorghum
mp. Conditions are unique to nearly every place where sorghum is grown.
lerefore, general statements about mineral element requirements for the
mduction of a particular sorghum crop are difficult to make. Many factors must
i considered.
The objectives of this chapter are to discuss each mineral element separately
uito give concepts about some of the aspects unique to each element relative
umineral nutrition of sorghum, and to plants in general, with the hope that this
groach will help to understand specific peculiarities associated with the mineral
tkment requirements of sorghum and to provide information whereby better
sions can be made about mineral element problems, applications and use.
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MINERAL ELEMENT REQUIREMENTS

Many factors are involved in determining mineral element requirements for the
mduction of sorghum. Some factors that must be considered are: 1- the amount
iavailable and residual mineral elements in soils, 2- chemical and physical
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properties of soils, 3- environmental conditions of the soil and locality, and 4.yiy
and end-product desired.

Three of these factors can be controlled to some extent by the addifiog ¢
fertilizers and amendments according to needs of plants and soils. Ex
moisture (irrigation), pest control, and cultural practices, little can be done afyy
the control of some of the other environments conditions. The amount of progy
desired can be programmed, and the amount of seed sown can be controlleg
ultimate yields remain the effect of all factors combined.

In general terms, the amount of mineral element removed by a Sorghm‘“?
producing approximately 8,000 kg/ha grain are (in kg/ha): 250 Nitrogen (N),lﬂl
Potassium (K), 45 Magnesium (Mg), 40 Phosphorus (P), 40 Sulfur (S),

The amount of calcium (Ca) and the micronutrients (manganese (Mn),in

(Fe), boron (B), copper (Cu), and Zinc (Zn) removed are considerably less. S

mineral elements will be recycled if the fodder is left or added to soils, i fln

removed from the soil, higher amounts of these elements will also be requing
As sorghum plants grow, mineral elements are taken into plants at differ
rates and amounts. Young plants usually absorb relatively high amounts of
mineral elements, and with age some elements are transferred from one plantpg
to another. Mineral element concentrations in various plant parts vary with s
age (Table 8.1), as well as the total amounts of each element absorbed as play
age (Table 8.2), and the distribution of mineral elements in various parsy
maturity are given as a reference for changes that may occur in sorghum piay
grown in the field (under relatively optimum conditions). As each elemenj
discussed, reference to these tables will be helpful to understand its uptake, an
mulation and distribution in sorghum plants.
Nitrogen

Of all the mineral elements required for sorghum growth, N is one of the m
abundant elements in the plant. It is usually added to soils to meet sorghum pi
needs. Nitrogen for plant growth must be either applied, provided through aime
pheric fixation, or obtained from residual sources in the soil. For maximum pl
yields, N is usually applied with each sorghum crop and sometimes added me
than once during the plant growth cycle or season. Nitrogen is usually the m#
expensive mineral element that is required for sorghum production.

The lithosphere contains relatively high N, but the soil portion of the lith
phere is very small compared to the whole. Most lithosperic N is unaccessibed
unavailable for plant use. The portion of N potentially available for plant ugi
soils is found in various forms and is constantly changing. Even though ame
pheric N may be fixed by microorganisms or plant-microorganism association,
source of N is not readily available to sorghum until the N is converted fu8
organic to inorganic forms. The interconversions of the various forms of N [org$
N, ammonium (NH,*), nitrate (NOy), and gaseous N] and the use or loss of Ni
and NOjy are continually changing. Because of the dynamic changes that ocou?
N in soils, the amount of available N can change extensively in a relatively &t
period of time. Nitrate levels in soils may be as high as 20 to 30 mM afterd)
fertilization, but normally range from 2 to 20 mM in soil solutions. Only a
50% of the N applied to soils is taken up and used by plants. The remainders

g1 Mineral element concentrationsin aboveground sorghum plant
l P"’ with age.

PLANT  LEAVES

20.4
317
40.2
286
2.18
1.40
218
412
274
7.4
213
58

LEAVES

19.6
1.80
10.0
Ca* 584
Mg* 230
i 1.20
S 41.2
Mn ** 729
o o+ 393
Cu ** 79
In** 228
DMY 4% 88

Vegetative

28.6
3.09
144
41.1
2.54
1.36
23.8
39.8
196
84
20.1
80

6.0
1112
24.6
253
2.56
0.87
26.6
249
67
75
21.2
106
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STALK
11.0
240
20.8
232
2.87
0.50
173
40.4
62
79
272

131
Maturity
STALK

GRAIN
134
2.96
57
13
2.16
1.03
03
10.8
33
42
140
249

Blcom/early grain
fill - 12 leaf
HEAD PLANT
233 179
421 276
89 19.8
55 286
345 282
2.00 1.14
1.0 18.8
286 39.6
41 108
10.7 84
388 25.6
13 224

WHOLE PLANT
13.0
2.29
111
184
228
1.03
14.7
265
112
59
175
443

* mg/g dry weight; ** pg/g dry weith; DMY dry matter yiel (g/plant)
ﬁ

bifor microorganism use, leaching, or other N reactions and processes that occur
n0ils. :
Nitrogen deficiencies occur on essentially all soils, whether they be alkaline,
katral, or acid. The various reactions for and changes ir_l N depend on many
Betors, but the presence and sustenance of microorganisms is important. Nitrogen
Bsils with adequate or high moisture will change more extensively than in drier
m -
Both NH,* and NOy (inorganic N) can be absorbed by plants, but NOy is
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Table 8.2 Proportion of mineral elements in sorghum plants wig a horus

= abundant amounts of P are usually absorbed and accumulated in
Stage of plant gl'f'Wth (contents as % of total at maturity) the actual amounts of P needed in metabolic reactions and structural
Vegetative Bloom/early Maturity ts of cells are relatively small. Considerable amounts of P are normally
o 12 leaf grain fill i o soils on a consistent basis, usually annually or with each crop. Some
13 50 100 inates show that only about 10 % of the P added to soils is absorbed by plants.
20 70 100 grefore, extensive amounts of P become unavailable in the soil by absorption
18 61 100 yisation by various soil fractions and particles. Soil P concentrations of about
47 90 100 oM (near 3 pg/g) are considered adequate for plants. For plants fed adequate
20 78 100 | shout 60 to 80% of the P inside plant tissues is considered to be in the organic
2. 62 100 i Thus, considerable amounts of P inside plants are not performing essential
18 56 100 jpetions at all times. The turnover rate of P in metabolic reactions is rapid,
19 64 100 wase P has a primary function in energy transfer reactions of the various
20 76 100 giabolic pathways. P is involved with nearly every metabolic process in the plant,
32 49 100 gip deficiency can directly or indirectly affect nearly every plant growth process,
17 73 100 giuding energy transfer reactions.
16 74 100 phosphorus interacts with many elements, so the availability and function of
—_— ier elements is affected by P. P exists in 3 anionic forms (PO43‘, HPO/?, and
1P0;. Young plants usually have relatively high P concentrations which decrease

s y = ; . iihage. Normal concentrations range from 2 to 4 mg/g. Phos horus accumulates
ﬁ?;?; gtf::;i;;:j cg;: : ;eiigggg;gzsa;h;:tgh n;m;:ler most soil conditions. Aum nens%:ely in the kernels (as phytin).gPhosphorus is reg::tgiily renl:obilized from older
converted toan aganic K Gite lnsige i:nt tip antst.}Most inorganic Nisrapd fy mger tissues and from vegetative tissue to the grain. As P is readily mobile,
in plant tissues. plant tissue, but NOy is commonlymeilyeficiency symptoms appear first on the lower (older) leaves and progress
Nit b i - toward the upper leaves. Most of the P absorbed by plants is taken up
(dry :gg?iff;]?ﬁ‘:gom in normal sorghum leaves range from about 15-30ngifre grain fill. As the plant matures, considerable amounts of P move from the
Sty as gen is a constituent of numerours organic compounds in i ferstive parts to the grain. At maturity, over 70% of the above ground plant
c[;" 1la y amino acids (the building materials for proteins), nucleic acids, ando§ found in the kernels :
ular i i 3
S ﬁml;::;dsﬁ Silsnpedlfenzyna-es (proteins) catalyze nearly every metabok} phosphorus supply and availability for plants grown in low or P deficient soils
plants accuxf:ul ate. tel Indispensible to plant growth and development. Yolifgyhe altered greatly by mycorrhizae species associated with plant roots. These
various plant art: ‘:rtiet;nvelle}ngh concentrations of N, but N decreases il @}gorrhizal associations with sorghum (and other plants) are not abnormal or
one plant parl: o mhage. grogen is readily remobilized. It is transferred®fayic, because the greater part of the vegetation worldwide is infected with them.
plant N is absorbed dume:r’ 3; vzczut;liuiatesdextenmvely in kernels. Most oft#{e two major classes of mycorrhizae fungi identified are: 1- ectohophic which
S Es ) g tve an bylearly grainfilling growt!l 2 | ims external mycelia sheaths around roots and between cortical cells and are
Symptoms appear first on old Y lare stunted, spindly and pale yellow in & uociated exclusively with 3 species; 2- vesicular arbuscular whose mycelia grow
oAk un?f%rm pal e‘i;(:te:r ( 2::3 ézellves:jandl spread to the younger (¥l hinternally and externally to root cells, extend extensively from roots into the
a8A progresics gl fh bap yellow color develops near the tips and maiounding soil and are found with roots of nearly all plant species. Four major
develop when severe deﬁ:iencs;fe 53233:1;11;: :p;fe[al;e S{s:g.reN;c;otéclsp?tls u;nﬂ! kel s W e i ey
: : ehcient lea bbe associated with sorghum: Glomus, Gigaspora, Acaulospora and Scherocystis.
:;lﬂa:n, %lidzzc:e fargddm (pendent) on the plant. Heads of N deficient planis® Bpot culture expeﬁmcﬁils’ certain VAM fungi ri'z,mased plant dry matter yield
p,an,;yils shioctared x d ,land seed numbers are reduced. The vegetative si##lyas much as 220 % over plants grown without mycorrhizae. The VAM species
irirense with N deégi : ;Jc;nts usually mature earlier. Shoot/root ratios nomfimeq gifferences in effectiveness for plant dry matter increases. Phosphorus
; : ; meentrations increased by as much as 3-fold in sorghum grown with VAM fungi.
niu?;:l?;a ;m] b: may promote lush, green foliage and delay maturity. AT {AM fungi have been kngywn to enhance not only Pg:bsorptjon, butalsoK, S, i‘:},
T y toxic at lower levels of N than NOj. Excess NOy causski|y gng g absorption in plants. The magnitude of mycorrhizae response has
textﬁe beforipfl;i;:?:‘;-:oaurmnk‘e:’ éﬁ i?;:;ﬁm en';l anz be somewhat leatbe¥ ¥l milly been much greater for P than for the other elements. Even though VAM
arERac ingi contribute only about 10% to the total dry weight of roots, they have the
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. . . i di i i d the
potential of absorbing P at rates many times that of uninfected roots s, THIS dls‘order appears at the tips and margins and progresses towar
P uptake by plants associated with VAM cannot be accounted for by'P% e and midrid of leaves. The amount of P in the soil or growth medium to

in soils, because P diffusion in soils i 3 ioreds 3 e this disorder is relatively low (often less than 1 pg/g). This disorder is not
N A S Sl in older plants as readily as in younger plants, but if sufficient P is added,

soil volume from which roots can effectively absorb P and other minera] Dutriegy -
The VAM fungi themselves also have the potential to make P more availabjg Jit2 ™ induced an older leaves as well.
plant uptake. hiassium
Population densities of mycorrhizae are associated with levels of P ip the g potassium is one of the most abundant mineral elements in sorghum plants.
If soils are low in P, mycorrhizae densities are higher than in soils with pigy Jieading o0 plant age, plant part and conditions, other mineral elements to
levels of P. Supraoptimal levels of P appear to be toxic to mycorrhizae. Increag, Jimate K in plant composition are N, Ca and Si. Because K accumulates in
in productivity of crops like sorghum grown in soils with low or deficient jewy um plants at relatively high concentrations, considerable amounts of K must
of P may be greatly enhanced if adequate mycorrhizae infection with figy feaided to soils or soils must be adequately supplied with available K. Neutral
efficient strains are obtained. Even though genotypes differ in their abiliy yalkaine pH soils normally contain high amounts of residual K. Potassium
tolerate low P, tolerance to low P may be associated with root mycorrhize §umally has to be added to acid soils because of its depletion by leaching from
Phosphorus deficiency occurs frequently when plants are grown on acid g JEE2tvely high amounts of rainfall. .
tropical soils. These soils (usually otisols and oxisols) generally have high fizy | €2 though some soils contain considerable amounts of K, most of it is
capacities for P because of high Al and Fe oxide concentrations. Phosphorus i fssiated with nonexchangeable fractions. Exchangeable K levels in soils vary,
not readily move in soils because of its high reactivity with soil particles. Forg Juére usually at about 2.to 5 pg/g soil and represent about 1 to 4% of the total
most part, plant roots must grow to where P is located to adequately Supply play K Factors such as source of parent material, type of clay, amount of fixation
needs. Because of the low P mobility in soils, considerably more P is added tox Jlorganic matter affect the amount of soluble or exchageable K available for
than is absorbed by plants. aediate plant uptake and use. The nonexchangeable fractions of soil K are
Phosphorus deficiency in plants is relatively common during cool weather j jeiral K (soil minerals) and absorbed K (on clay and organic matter colloids).
the temperate zones, seeds are planted and seedlings are small during muchg e though the amount of exchangeable (free) K may be low, many soils have
the cool weather. As a result, small plants with their relatively small root sysiem JEpotential to make considerable amounts of K available. However, the rate of
cool root environments, and fairly high P demand often show P deficiency sy jifailability may be limiting and insufficient for immediate plant needs, and
toms during the early plant growth stages. Phosphorus deficiency tends to decres Jiiional soluble K may be required for optimum growth. Of the K applied to
tillering and may be the result of decreased phytohormones needed to assure i Jionly about 30 to 50% is absorbed by plants.
formation and development of new tillers. Shoot growth appears to be affesed| folassium is absorbed by plants readily as K* and this is the active form inside
more by P deficiency than root growth, thus shoot/root ratios generally decrese Jiiis. Concentrations of K in plants are usually around 20 to 50 mg/g (dry
as plants become P deficient. Grain development and filling are inhibited ty} {¥éht)- Inside the plant, K does not form stable complexes, is not bound tightly
deficiency, so kernel quality if usually poor. yand is not an integral part of organic molecules. Potassium functions primarily
Deficiency of P is characterized by stunted, spindly, dark green leaves wiid jilmoregulatory processes like cell turgor, stomate opening and closing, and
have overtones of dark red coloration. Older leaves show the red pigmenai|iiéin configuration and conformation. Potassium functions as a catalyst of
first, and this pigmentation progresses upward toward the younger leaves. Lafj#i€rous enzymes; Over 70 enzymes have been identified that require K for
tips and margins show the redness first which progresses toward the base fmmum activity. In the metabolic processes or enzymes requiring K, relatively
midrib. A characteristic symptom of P deficiency on leaf sheaths is also the upvaij#iconcentrations are reported for optimum activity. In vitro experiments often
progression of red coloration. At times the dark red coloration of P deficiencys|{#0%t 40 to 80 mM K for maximum activity of enzymes and 100 to 200 mM K
oceur in streaks in the interveinal tissue leaving green veins. As the deficesy|® 10t uncommon in cellular cytoplasm and vacuoles. Potassium has been
becomes more severe, the red pigmentation will become uniformly distributedo® sociated with cellular electronegativity. That is, if excess anions appear in the
the leaf. If the deficiency continues sufficiently long, leaves turn brown and@|#flom NO; absorption and organic acid synthesis, K* is the usual counter-ion
In young plants, leaves often appear to be more erect and sometimes "leathef. lmated with these compounds. Potassium has aiso been associated with the
Roots often turn dark brown, purple or black. 'Wl&tlon of organic and aminoacids in the transport systems of plants. Potassium
Excess P can depress plant growth and interact with other elements (espesidl ihighly remobilized and readily moves during plant development from older to
Fe, Cu, and Zn) to cause deficiencies of other elements. Reduction of root grow JMIgEr tissues if the need arises.
by excess P has been noted. Supraoptimal P has also been shown to cai! Young sorghum plants accumulate high K in the leaves which decreases with
unique "red-speckling" on the tips and margins of older leaves of many sorgi® F{“though kernels contain considerable K, most of the plant K in older plants
genotypes. This "red-speckling” decreases progressively from older to young ™ains in the stalks. Potassium deficient plants lose stalk strength and are prone
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