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to lodging. Most of the plant K is absorbed by the grain fill stage of plant dey, | sgequate or high concentrations of Ca and young leaves and even sections
ment. Adequate K in plants has been associated with higher tolerance to g " may be low in Ca. When plants overcome Ca deficiencies after Ca
higher resistance to frost and salt damage, and higher resistance to fungal sgyg s, leaves often show aborted, twisted symptoms with leaf tips sticqug

Potassium deficiency in plants may not result in visible symptoms before feq, _,',,, ras new plant leaves begin to regrow. If Ca deficiency persists, heads will
tions in growth appears. Symptoms of K deficiency appear first on older s i" pecause primordial and meristematic tissues are destroyed. Shoot/root

an spread to the young leaves. Irregular necrotic patterns internung]edwim " ’_" usually decrease with Ca deficiency, because shoot growth is affected

pigmentation characterize visual K deficiency symptoms. Sometimes sirgpd cly.

patterns occur on the interveinal tissue, but the symptoms are fairly uniform gl rum deficiencies often occur in sorghum plants grown in greenhouses and

the leaf. Symptoms begin at the tips and margins and move toward the bag g chambers. These Ca deficiencies appear to be associated with reduced

midrib of the leaves. The unaffected portions of leaves remain fairly green j cation and restricted root growth in pots. High light intensity, certain types

often difficult to distinguish a K deficiency from "red-speckling'" caused by el and high temperatures tend to enhance Ca deficiencies. Calcium deficien-

P. Potassium deficient plants do not normally show the spindly growth obsengy’ico appear to be accentuated by certain sources of N.

for N and P deficiencies. Shoot/root ratios remain fairly constant with K defiges perin€ntal effects from excess Ca seldom occur, but if they do these efffacts

ncy and grain yields are frequently reduced. feficly to occur because of the accompanying anion or from Ca interactions
Excess K disorders seldom occur unless plants are grown under abnop) pother elements like the induction of K and Mg deficiencies.

conditions like saline soils. Excess K causes leaves to become uniformly

become water soaked, die and turn brown. The symptoms progress from the
toward the base of leaves and are usually more severe in the older in the yousg

leaves.. hlkaline pH soils, but are common for plants grown on acid soils. Magnesium
Calcium Ligencies may also be accentuated by available Al Exchangeable sources of Mg
The amount of Ca needed by sorghum is fairly high during vegetative goleesr o be made available to plants fairly easy, but even these sources of Mg
but not during reporductive growth. Leaf concentrations of Ca vary widelyaflg pot be sufficient to meet plant needs at a particular stage of plant develop-
concentrations of 50 to 70 mg/g dry matter are not uncommon. Thus, a Soil solution Mg can vary widely with different soils (sands or clays) and with
available source of Ca in soils is needed for plants. Many soils normally conslgerent soil parent materials. Levels of Mg in soil solutions between 2 to 5 mM
adequate or high Ca (alkaline and calcareous), but acid soils are often lofloftern reported. Magnesium deficiencies in soils are commonly alleviated when
soluble Ca. Because of this, Ca deficiencies seldom occur in plants grow@imitic limestone is added. Both Ca and Mg are added with dolomite.
alkaline or nuetral pH soils, but occur frequently when grown on acid soils. S [ige that of Ca, Mg is absorbed as a cation (Mg?*), and this is the active form
Al and Mn in acid soils also interact with Ca to enhance Ca deficiencies inpasfiretabolism. Magnesium is not readily complexed by organic compounds. The
Acid soil problems are usually corrected by lime amendments, which is 20 known function of Mg is its occurence in the chlorophyll molecule. The
of Ca to overcome Ca interactions with Al and Mn. atest proportion of Mg in plants (often over 70%) is diffusible and associated
Calcium is taken into plants as a cation (Ca**) and remains in this form X8 the cytoplasm or vacuoles of cells. Magnesium is required in essentially all
functions. Calcium can be complexed fairly readily, usually with organic &fmmes activiting phosphorylation processes. As such, Mg is involved w!th
Calcium functions in plants are associated with membranes (conformation,ilé#iphate and nucleotide transfer reactions. Magnesium is also associated with
ty, leakiness, secretion, ion pumps), cells walls, a few enzyme reactions, phytd#siahlization and integrity of ribosomes and nucleic acids, and in the control
mone regulatory reactions, osmoregulation, pollen tube growth, cell divisiol#isht.cnhanced carbon dioxide (CO,) fixation. Magnesium is fairly well distrib-
mitosis, and gravi-, photo- and thigmo-tropic processes. Leaves normally ad throughout the vegetative plant parts and about half of the plant. Mg
late relatively high Ca. This is not remobilized when Ca deficiencies appdfmmulated in kernels because of its high remobilization.
other tissues. Very little Ca accumulates in kernels. Most plant Ca is absorbéil§ plan growth usually decreases when Mg deficiencies occur, and the reproduc-
early grain fill. festage of plant development is usually delayed. Deficiency symptoms appear
Calcium deficient plants become stunted because of death of newly em€® on older leaves. Relatively large irregular necrotic spots or lesions appear
and developing tissues. Ca deficiency occurs first in the meristematic i¥iormiy on tips and margins and spread toward the base and midrib of the leaf.
Young leaf tips often stick together (ladder-like effect), form sword-like pPlitharacteristic plant symptom that often appears with Mg deficiency on many
tions, have serrated (torn and warped) leaf edges, and often show lightly ble#®mhum genotypes is a deep red color on leaves. Under severe Mg deficiency,
leaf margins. Severe Ca deficient leaves are brittle and form brown, sticky ¥4 areas of necrosis develop, leaves become brittle, die and turn browm.
at or near the margins. The leaves frequently coalesce and turn brown. ASBifroot ratios increase extensively with Mg deficiency, because Mg affects root
mobile primarily in the xylem (upward translocation stream), older leaves W8lWth much more than shoot growth.

pared to K, Mg accumulates in sorghum plants at relatively low concentra-
5(2to 3 mg/g). Deficiencies of Mg seldom occur in plants grown on neutral
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-Disorders from excess Mg seldom appear unless plants are grown on serpens e reactions, but in others Mn is more specific than Mg. Examples of these
(high Mg) or distributed soils. High Mg can cause Ca, K and Mn deficie . A lases and dehydrogenases of the tricarboxylic acid cycle. The oxida-
Sulfur " |cfindolacetic acid has also been linked to specific Mn reactions. A major

Relatively low amounts of S are required by sorghum and usually suffigi gution oo for Mo is Photosystem II (photolysis (.)f Water) “rhere Mn £
is found in scils or added with other fertilizers (especially phosphates). Cl'o;:fms RIS o trenateg, Mosiganese) accunibales in dletatiolically: 356 ve

as legumes have higher requirements for S, and if sorghum is in l'Otati eative tissues (mostly in leaves), is fairly mobile in plants and about one-fourth

intercropped with some of these plants, residual soil S may be adequate £0 prov foial plant Mn accumulates in kernels. Most Mn is taken up in plants by the

sorghum needs. Although both organic and inorganic forms Wby rainfiling stage.

organically bound § is the major rgsemir, Sincegsulfate (so,g§ iSs ?;zu;o; ??{;nganese deficiency is seldom a problem in sorghum, but when it is, plant
absorbed by plant roots, organic sources of S need to be converted to i hand development are depressed. Manganese deficiency symptoms appear

R ? © inorgge§t ¢ : .
S before it is available for plant uptake and use. Under aerobic conclitions o young?rlleave.cl). Leaves Showﬁglégl,lﬁt pale 00103.':.] 2 itreaked pat;erp p
S is readily converted to in i 5 ] . Lo ciiierveinal tissue. In more severe eficiency condition, long narrow lesions
usuall : 2]r e E _from p:lcrobxal a(-mmy' So:ls “.] arid condij mte leaves and each lesion is separated by veins. Portions of leaves, particu-
ually accumulate SO,?, but SO* is easily leached in humid regions {acidm} ar on P -

Sorghum plant concentrations of S are about 1 to 2 mg/g. One of the impong i the middle, may exhibit Mn deficiency symptoms and other portions will

functiones of S in plants is the formation of S-amino acids (cysteine, cystine ear normal; leaves may bend or break at this point on the leaf. Shoot/root

methionine) which are very important building blocks of proteins. These S-amm s (end 10 Ihcrease with My deflcioncy. . . :
acids in proteins form disulfate bonds between polypetide chains which mainiay Qi o cxcess M.n vt O.CCM e plants grown ot g6l and tropical foils
protein configuration through cross-bonding. Other S containing compounds funder fiooded condmons.' Fairly ulmforrn small dark purple. dots o flecks
to plant growth and development include Fe-S proteins, ferrodoxin, lipoicaﬁ BT et otlieryise feman garke green, 1n severs) FaTh fairly long
glutathione, biotin, thiamin and coenzyme A. Sulfur is relatively immobile a i (bleached) streaks or large sec_tlons qf leaves may become white. Excess Mn
vegetative plant parts have comparable S concentrations. Kernels accumus B catsc Ca, K and Mg deficiency in leaves.
extensive amounts of S which is about half of the total plant S. The amount off i
taken up with plant age follows closely that of dry matter accumulation. Soils generally contain very high amounts of Fe compared to the amount
Sulfur deficiencies can decrease plant growth and yield. Deficiency sympigjgfired for plant growth. Soluble Fe in alkaline and calcareous soils is normally
of $ appear in the upper leaves and are more pronounced in the portion emerg plow that insufficient amounts are available for plant uptake and use. The
from the whorl. Emerging leaves turn uniformly pale yellow. Sulfur deficiengffiibrium of Fe changes by 1000-fold; soluble Fe increases with lower pH (H*
often indistinguishable from N dificiency, except that S deficiency ocurrs firsgjiease). Like that of Mn, Fe may also become toxic to plants grown on acid soils.
the upper leaves and N deficiency occurs first in lower leaves. Ofthe 2 major ionic forms of Fe, ferrous (Fe?*) is the form absorbed by plants,
Disorders from excess S may occur because sulfur dioxide (SO,) is a poliuat most Fe in soils exists in the unavailable or insoluble ferric (Fe**) form. Since
from many smelters and industrial plants burning fossil fuels. These § toxctifebajor function of Fe in plants is associated with electron transport, both forms
can occur at low levels of SO,. Disorders from excess S fed to roots are selmfiFe occur in proteins that contains Fe. Iron is also invoived in chlorophyll
reported since plants are relatively insensitive to SO,> uptake. Because SO/sjfiiesis and as a catalyst of a few enzymes (e.g,, aconitase).
not readily absorbed by plant roots, disorders attributed to excess S may likelji] fon-containingenzymes include cytochromes, catalase, peroxidase, superoxide
due to its accompanying cation. mutase and nitritite reductase. Important Fe compounds include Fe-S proteins,
Manganese imodoxin, and phytoferretin. Iron accumulates extensively in leaves, but roots
fizin even higher concentrations than leaves, often 5- to 10-fold higher. Iron
iclatively immobile in plants, and only small amounts of Fe accumulate in
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Sorghum r';equires relatively low Mn concentrations for growth, and most s
usually contain more than adequate levels of Mn. The availability of Mn insif i
may depend on fac}ors like pH, moisture, microbial activity and organic maik ' : ibi defici hlorosis (oft lled "li
which affect oxidation-reduction reactions. Total Mn levels of 200 to 3,000 i}, gum is very susceptible to Fe deficiency chlorosis (often called “lime-

soil are common. As the availability of Mn becomes greater with increased idiced chiorosis") when grown on many alkaline, calcareous soils. Whole fields

(lower pH), acid soil may contain relatively high available Mn which may bel® tlrge areas within fields are commonly seen with Fe deficiency chlorosis. Since

to plants. in neutral or higher pH soils is usually insoluble, soil amendments or foliar

Manganese is absorbed as Mn,* and this is the active form in plants. Ma faysare added regularly to.sorghum grown on these soils. Sorghum may require
nese concentrations in plants vary, but are usually between 30 to 100 pgg.® many as 4 to 6 spray applications per crop during the vegetative growth cycle

functi : > iile s0il amendments are usually good for only 1 or 2 crops. Even without foliar
ctions of Mn resemble those of Mg. Manganese may sustitutes for Mg in s € amendments of Fe, sorghf} nga plants usu};lly mgmes T e B ug the
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on transport (cytochrome oxidase, laccase, ascorbic acid oxidase an_d poly-
season advances and a harvestable crop is normally produced. Shoot/root e’ axidase). Disruptions of desaturation and hydroxylation of fatty acids, and
of plants remain fairly constant with Fe deficiency. Plant growth is reducedapn

) and carbohydrate metabolism have been associated with Cu deﬁcienc;ies.
as relatively severe chlorosis persists. Plant maturity is delayed when plants pert +is also a constituent of superoxide dismutase, an enzyme that detoxifies
in the chlorotic state.

ide radicals (produced from oxygen) which are very detrimental to cells.
Even though the first 2 or 3 leaves seldom show symptoms, Fe defigj, is remobilized to some extent, accumulates evenly in vege@tlve tissues,

chiorosis appears first in newly emerging or younger leaves. Interveinal ulates to some extent in kernels. Most Cu is taken up into sorghum

leaves turn pale yellow (chlorosis) with green veins. The chlorotic Patien s by the early grain fill stage.

distributed fairly uniform over the length and breadth of the leaf. Under sepe Per deficiencies do not appear frequently in sorghum, but when they do,

Fe deficiencies, leaves will turn completely yellow or even white and evenfgh! er leaf tips turn brown, roll up and break over. In many respects, Cu

die and turn brown unless corrective measures are taken. ency resembles Ca deficiency and symptoms may be Ca deficiency since Ca

Disorders from excess Fe can cause deficiencies of Mn, Cu, and Zn, ,ﬁ;ftips is reduced with Cu deficiency.
Boron

Freess Cu can induce symptoms similar to Fe deficiency which are more accent-
Sorghum plants containing deficient B concentrations have seldom pfged near the base of leaves than in the apical portion of leaves.
reported. Soils usually contain the low amounts of B required by sorghum, beffige

under special conditions B deficiencies can occur in other kinds of plants (legump finc deficiencies may appear in plants grown on both acid and alkaline soils.
and the brassicas). Some soils are formed from parent materials containiy

v deficiencies are often noted on sandy soils and on scraped or distributed soils.

B. Boron may be added to soils through irrigation with waters containing b solubility and mobility is very low in high pH soils, especially When garbonate
Boron is absorbed by plants as borate (BO,*). Since B forms polyhyd iresent. Zinc levels are low in soils (10 to 300 pg/g) anc} soil solutions =,
compounds, the biochemistry of B is complex and elusive. Boron has been sho wen0.03 to 3 pM. Zinc absorbed by plants is in the cationic (Zn**) form. Zinc

to be essential for many plant organisms, but has not been proven to be esy ntrations in vegetative plants are fairly consistent and range from about 20
for all plants. A common feature of B deficient plants is the disturbance 0 pgls.

the poor development of meristematic tissues. Although the mechanisms for s fincis a component of the enzymes carbonic anhydrase, glutamic acid dehydro-

disorders are not known. Boron has been shown to be required for the synttesilerse lactic acid dehydrogenase, superoxide dismutase, and some pept;de_xaes and
of nucleic acid compounds like uracil, which are essential components of ribs} aeinases. Zinc has also been found to be a precursor to auxin synthqmsr inRNA
cleic acid (RNA) and deoxyribonucleic acid (DNA). Without these nucleic aiiy ity and synthesis, and in starch formation. Zinc is not readily mobile in plants,
the essential functions of cells in processes like protein synthesis, sugar metab kernels accumulate relatively high amounts of Zn. Most Zn in sorghum is
and cell division are inhibited. Boron has also been associated with pollentithien yp by the early grain fill stage. Shoot/root ratios usually decrease slightly
growth and hormone (cytokinin) synthesis. If B deficiencies occur, newly develpdan 7n deficiency. '
ing meristematic tissues would be affected. In plants where B deficiencies o, Tinc deficiencies occur first in the younger leaves. Emerging leaves become
apical growing points stop developing, leaves may become thick, are often bk} iormly pale green to yellow with chlorosis starting at the base and progressing
and sometimes contain irregular chlorosis. bward the tip. Leaf margins may show a distinct red line. Under severe conditions,
Boron toxicity may occur at relatively low concentrations. Of all elemest ldeficiency may be expressed as bleached white patches on Fhe legves.
required for plant growth, B has the narrowest concentration range et 7 excesses seldom oceur, but when they do, leaves have a fairly uniform pale
deficiency and toxicity. Boron toxicity can greatly reduce growth and occSileen ooor with slight streaking. Fairly long dark brown lesions form intermittantly
tissues that transpire large amounts of water. Boron toxicity symptoms appeatilype interveinal tissue.
the margins and tips of leaves, and a sharp demarcation between the light brow l{alybdenum

g:tre:;colored) affected tissue and the dark green unaffected tissue can be o Molybdenum deficiencies often occur in plants grown on acid soils. Molybde-
rved.

s fixed by soil particles similarly to P and is next to P in strength qf binding

Copper §%il minerals. Solubility of Mo increases with increasing pH. Mo 'deﬁclency can

Copper deficiencies have occured in plants grown on certain acid soils a0l e controlled by liming or raising the soil pH. Soil concentrations of Mo are
been reported for plants grown on many Australian soils. Soil solution concenﬂﬂ_'* By well below 1 pg/g for many soils. .

ons of Cu range from 0.01 to 0.6 uM. Copper is associated extensively with ¥} Molybdenum is taken up as MoO,* and accumulates in WF@m plants at

matter and deficiencies occur most often in soils that contain high humus. - laeentrations below 1 pg/g. Molybdenum is a constituent of nitrate reductase,

Copper is absorbed by plants as Cu?+ and accumulates in concentrations ol Wgenase, sulfite oxidase, xanthine oxidase and reductase, and aldehyde oxidase.
to 15 pg/g. Major functions of Cu in plants are with enzymes connected will
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Of these enzymes, only nitrate reductase has been found to be a true copg:
of plants, while the other enzymes have been found in microorganisms asgy:
with plants, particularly those associated withatmospheric N fixation. Mg
accumulation in kernels is usually low, but often sufficient to support u,eml
throughout its entire growth cycle after germination.

faccid margin and other portions of the leaf.

113
that of Na, chlorine (CI) accumulates in saline soils. Chlorine is absorbed
01 i required in photosystem II of photosynthesis and acts in neutralization

Molybdenum deficiency has not been reported in sorghum, but many ﬂmg.ul iy rocer e Chki)mgl;my Zc:ucrzzsi?;esﬁf:rs :}egnlg ;féiﬁ?:i
of Mo deficiency in maize have been noted. Deficiency symptoms of Moin mypf gs, but little goes to th'.? tl;;ﬂ‘lie Sf- = SO::G m}:ir {Reilt Feoen Brown, fnd die.
appear in newly developing leaves similar to Ca and Cu deficiency. ey : ﬁom-Nalzzc:?;naebzadetgmentall agf]fected i)y excess CI.’
usually become slightly chlorotic than flaccid, become water-soaked, turg brow | e A !
curl, and often break over. ilicon : :

Plants can tolerate high levels of Mo without detrimental effects. Wheygf sicon (Si) is the second most abundant element (pext to.caxzgen) (n the Mhe-
excess occurs, symptoms are indistinguishable from P deficiency (uniform ggg e and in soils. The accessibility of Si to plants is dependant on the weathering

reddening over the leaf) symptoms. cesses in soils. Acid soils usually contain higher concentratipns of _solubig Si
OTHER ELEMENTS Latigher pH soils, but highly acid soils (PH < 4.5) may contain relatively little

Aluminum I,mmugh Si has not been found to be essential to plant growth, some beneficial

Although aluminum (Al) has not been found to be essential for plant grow 45 0f Si have been noted. Silicon has been reported to enhance stalk strength
beneficial effects of low Al has been reported. Beneficial effects of Al have ey mecham'cal stability of cells, to better protect plants from parasitic fungi and
attributed to the solubilization of other elements, prevention of some o i:eriaattacks and to promote reproductive organs (especially inrice). Silicic acid
element toxicities, promotion of P uptake, prevention of P excess, delaying oy bpears 0 form hydroxyl groups similar to those of P and B and can condense _
deterioration by slowing growth and serving as a fungicide. sugars, alcohols and organic acids. Silicon may be able to replace, interact

Aluminum toxicity is a common problem for sorghum grown on acid s rnierfere with P and B nutritional processes.
Plantg grow fairly well in soils with pH 5.0 to 5.5, and Al toxicities are minim§Gicon in sorghum leaves has been found to accumulate at fairly high concentra-
Aluminum tosicities are usually alleviated by reducting available or exchageal s (usually 20 to 30 mg/g), but over 50 mg/g has been noted. High Si accumulat-
Al with the addition of lime or P. Lime is a very effective means for alleviatiy din sorghum plants grown on limed acid soils and in plants grown on alkaline
Al toxicities in soils. When Al is taken up it is likely absorbed as a cation (A"l Concentrations of Si in leaves of sorghum plants grown on acid soils (PH
but hydroxyl forms of Al are often reported in soils. Aluminum can accumié#}jyere near 5 mg/g. Even though information on the function of Si in_plants
in and on sorghum roots at relatively high concentrations (> 1,000 ug/g), buMinited. Si has been reported to cause a better distribution of Mn in plants and |
is not easily translocated to leaves. Therefore, Al does not accumulate in kemetep ajjeviate Mn toxicity.

Toxic effects of Al are observed extensively on roots. Roots turn dark blatktf Ereess Si causes sorghum leaves to become pale and younger leavers are
purple, are short, thick, often corraloid, low branching and brittle. Adventiis{geed more than older leaves.
roots are often initiated to compensate for affected seminal roots, but Al affesy, . . Mercu
auxiliary roots similarly. Iron, P, Ca, and Mg deficiencies may be induced iyAlf.: g Cadmlu?n, ElmmEE, oo b 3
and these deficiencies have been noted on sorghum leaves when grown with4l ickel, and Selemum : i hed and
The type of symptomology on leaves from high Al is often genotype-specific, The.essentjamy of these elements in plants has not been established, an
Fe, Mg, P and Ca deficiencies have been noted. Reduced growth and poor rovigftieicial effects from some have been reported. For example, cobalt (Co) bas
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patterns are common symptoms of Al toxicity on field-grown plants. Shootfi 20 found in the cobamide coenzyme _of microorganisms associated with atmo-
ratios increase dramatically with Al toxicity. Weric N fixation in plants; nickel (Ni) has been reporfed ast g component of
Sodium raxe in some plants; chromium (Cr) has been found to participate in glucose
: ' : : . ’ Elbolism, especially mammals; selenium (Se) may replace S in some plant
S(Xi ) 2 - 3 . - .

Na s o requied fo sorghin growi, 1 5 boneLar 1o st pla RS i (O sems t mic Za s some proceees; and s (8
: ' imilar. Most of these elements are toxic to plants

Sodium is a monovalent cation (Na*) and may replace K* to some extentinpi i Ca chemistry appear to be similar. M p

i : : Jirlats trations. Toxici toms for each of these elements in
metabolic and osmore gulatory reactions. Sodium usually accumulates in vegeld® fi, | concetl iy Syn

tissue and little goes to the kernels. Excess Na causes toxicity disorders. Sympios 'ﬂ.‘?l have been noted:

appear first on younger leaves. The margins and tips of leaves turn flaccid &

i i ith li near the margins progressing toward the
die. The remainder of the leaf turns pale, and distinct boundaries appear betw Dk red lesions with lighter color Bl profTemng

Niib; symptoms were more severe from the whorl toward the tip. Roots had no
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secondary root lengthening and were dark in color.
Cadmium

Leaves turned a fi d fr i idrib;
becanlmle bright red over t:;ye ?ntiwo;:a?iigl:t:zrg;fndz;l:cr:si;g? :’% g? 77 IMPROVEMENT OF
owt! 3% :
%'hﬁfiﬁr;,tsm;"‘:‘_:hm: WY, CROPS: THE ROLE OF
ves turned light reddish-br: fr i : AR
midrib. Some leaves had mmewh?darzrﬁegget:i‘rjzrgubzzes 2?13 f;(:’?gim it MORPHOPHYSIOLOGI-
gz;‘: ]ctlarker and stubbier and growth was inhibited extensively. C q I TRAITS

Leaves had symptoms similar to Fe deficiency, except that the
peared only in the leaf just emerging from the w(:{}orl orI:)n the she:zﬂmap RODUCTION
whorl and not in the leaf tip sections. The symptoms were more diffuse thap ¥
typical of Fe deficiency. Roots showed some stubbiness. = Tieproductivity of a crop depends on the efficiency with which morphophysio-
Lead - traits manifest themselves in diverse environments. To date, breeding
Leaves turned reddish-brown and had necrotic dead spots with red around they §* for sorghum have largely been on the basis of morphological characteris-
Leaf tips were affected more than the leaf base and symptom severity progreseife and very little attention has been paid to physiological traits. Because of the
from margin to midrib. Roots were stubbier and had fewer auxiliary roots by fiesis of crop growth and development in sorghum, the author urges plant
were normal than roots grown with Cd. exders to modify their approach to increase productivity in diverse environments
Mercury dbreed cultivars adaptable to them. Identification of traits related to several
Leaves turned blackish-brown with dark and necrotic lesions. Leaves yepfticand biotic stress factors affecting stages of crop development is desirable,
wilted and became water-soaker, were leathery, and curled extensively. Leavesdd ithese need to be taken into account of any crop improvement program.
not turn lighter in color. Roots were somewhat inhibited in growth, but others Toformulate an efficient breeding program, breeders need to study the genetic
were relatively normal. : " Yaavility of different traits in existing germplasm and breed materials of the crop
Nickel ¢ investigated. Through different selection procedures they will identify a
Leaf symptoms were similar to Fe deficiency. These symptoms did not exexfficelar plant type or trait pertaining to yield and other desirable qualities, and
as far out toward the leaf tip as noted for typical Fe deficiency. Roos weeff D in different crossing programs after establishing their purity. A wide
stubbier and showed symptoms resembling those of excess Al, but not as swr e of genetic variability and genotypes showing the stability of yield under
Selenium i ierse climatic conditions are utilized by adopting suitable breeding techniques
 Leaves showed symptoms that were indistinguishable from Mo exces whichyeefi Particular crop.
similar to P deficiency. Roots showed no abnormal symptoms with excess . Toformulate an efficient breeding program, it is desirable to identify morpho-
Strontium fisological traits related to resistance and yield, and search for variability of
Leaves became necrotic in a spotchy pattern at the margins with a lightercoe® [raits existing in sorghum germplasms and incorporate them into elite
appearing in the margin progressing toward the midrib. Roots were dark ifreing lines. Morphophysiological traits existing in sorghum germplasm and
coarse, stubby and somewhat slimy. Ering great scope of selection have been been discussed in earlier chapters, and
e techniques for their evaluation and probable role in sorghum crop improve-
51t have already been described.
Grain yields in sorghum have substantially increased with the use of high-
bliing, management-responsive F1 hybrids and varieties, but these cultivars have
Wrably failed under adverse conditions prevailing in the SAT. Therefore, we
nid be aware of the problems that farmers face and test improved farming
#iniques before suggesting their adoption. Better agronomic practices and use
fimproved cultivars have significantly contributed to the enhancement of sor-
Em yields. Though the degree of improvement accomplished so far has been
i, there is ample scope for increasing production by improving genetic stock
Wbreeding material. In order to accelerate progress towards better yields, there
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