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How a Sorghum Plant Develops

R. L. VANDERLIP*

Sorghum’s importance as a feed grain has increased in
the U.S,, and it is a magjor human food in other areas of the
world. To manage the sorghum crop for maximum produc-
tion, the producer must understand how the plant grows and
develops and what factors affect its growth, development,
and nutrient uptake.

This publication describes the general growth and nutri-
ent accumulation pattern of the sorghum plant, it dividesthe
growth of the plant into several identifiable stages and it re-
lates the plant’s growth and development during each stage
to various management factors you can control.

Crop yields can be considered from several angles. Some
people compare a crop to a factory and consider each factor
that affects production from the factory.

No matter how the production of a crop is viewed, two
factorsare basic: the plant and its environment or surround-
ings. Just aspeoplevary in abilities, plants—varieties or hy-
brids—vary in ability to produce. Certainly the environment
in which the plants grow—the particular field—qgreatly af-
fectsthe yield produced. It is necessary to select the proper
variety or hybrid and provide the best possible environment
to obtain highest yields. That can be done only when we
understand how the plant grows and develops.

Oncethe basic growth pattern of grain sorghum plantsis
understood, it ismuch easier to judge the merit of changing a
management practice. Also, possible effects of entirely new
practices or problems can be much better anticipated.

*The author is Agronomist, Department of Agronomy, Kansas Agricul-

tural Experiment Station.

Contribution No. 1203, Agronomy Department, Kansas Agricultural
Experiment Station, Manhattan, 66506.
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| dentifying Stages of Growth

Growth and devel opment of thegrain sorghum plant
aredescribed only ingenera termsinthispublication.
The picturesrepresent ahybrid of RS610 maturity
grown at Manhattan, Kansas. While other hybrids
growing &t other locationswould follow thesamegen-
erd growth pattern, thespecifictiming betweengrowth
stagesand number of leavesdevel oped at |ater growth
stages may vary among hybrids, seasons, or loca-
tions.

Somedefinitionsof plant partsarenecessary toiden-
tify various stages of plant devel opment describedin
thispublication. Figure 1 showsayoung sorghum
plant and amature plant. Someof theearly stagesof
development are defined by the number of fully de-
veloped leaves.

Thematureplant in Figure 1 showsother partslater
inthe season. Several lower leaveshave beenlost.

A leaf iscounted when the collar (the point where
theleaf blade and leaf sheath attach) isvisiblewith
out tearing the plant apart. Theyoung plant shown
hasthreefully developed leaves. Identification of in-
dividua leavesearly inthegrowing season may a so
beaided by considering the shape of thefirst (lowest)
leaf. Thefirst leaf produced by the sorghum plant has
aroundedtip. If thelowest leaf ontheplantispointed,
then at least oneleaf hasbeenlost.

Tablel. Identifying characteristics and approxi-
matetimeinterval s between growth stages of sor-
ghum.

Approximate
Growth days after
stage emergence* Identifying characteristic

0 Emergence. Coleoptilevisbleat
soil surface.

1 10 Collar of 3rd leaf visible.

2 20 Collar of 5th leaf visible.

3 30  Growingpoint differentiation.
Approximately 8-leaf stage by
previouscriteria

4 40 Final leaf visiblein whorl.

5 50 Boot. Head extendedintoflag lesf
sheeth.

6 60  Half-bloom. Haf of theplantsat
some stage of bloom.

7 70  Soft dough.

8 85 Harddough.

9 95  Physiological maturity. Maxi-

mum dry matter accumulation.
* Approximate days required for hybrids of RS610 grown at Man-
hattan, Kansas.

Stages of devel opment have been assigned num-
bersfrom zeroto nine, smilar to the numbering sys-
temused for corn. Thusgrowth of the plantisde-
fined from Stage O—emergence-to Stage 9—physi-
ologicd maturity. Characteridticstoidentify eech stage
arepresentedin Table1. Timerequiredtoreacheach
stage depends both on the hybrid and the environ-
mentinwhichitisgrowing. Thetimespresented are
for comparative purposesonly. They would change
for the same hybrid at the samelocationif planting
datewerechanged or if resultsfrom two seasonswere
compared. Other factorssuch assoil fertility, insect
or disease damage, moisture stress, plant population,
and weed competition may aso affect both timing of
thevarious stages of development and condition of
the plantsat each stage of devel opment.

Figure 2 showsthe pattern of growth (dry weight)
and nutrient accumulation during growth of sorghum
plants. Notethat dry matter, nitrogen, phosphorus,
and potassium all are expressed on the basis of total
weight of each factor so that al reach 100 percent at
maturity.

It isimportant to recognize that nutrient uptake
curvesfall abovethedry matter curvefor most of the
growth period. For example, look at theverticd line
that designated half-bloom at 60 days after emer-
gence: about one-half of thetotal plant weight has
been produced; however, nearly 60 percent of the
phosphorus, 70 percent of the nitrogen, and 80 per-
cent of the potassium already have been taken up.
Those percentages emphasi ze how important early
growth stagesareinthenuitrition of thesorghum plant.

Growth of the various plant parts-intermsof dry
weight—sshowninFigure3. Thefirst 30-35days
after the plant emerges, nearly all growthisleaves.
Thentheculmor stalk startsrapid growth, and leaves
and stalk continue until maximum leaf weight is
reached at about 60 daysand maximum stalk weight
at about 65 days. After about 50 daysthehead in-
creasesinweight rgpidly. Thenfollowing pollination
thegrainincreasesinweight rapidly, sometimesfaster
thantheratetota dry matter accumulates. That re-
sultsinanet decreaseinthe stalk weight asmateri-
alsaremoved from the stalk to the head.

In considering descriptionsof stagesof growth that
follow, the effects of management practices, insect or
hail damage, fertilization, weed control, or other prac-
tice can be best understood by keeping Figures 2
and3inmind.



Figure 2

Figure 3



Sor ghum Seed

Of the three major spring-planted crops—corn, sor-
ghum, and soybeans-sorghum has by far the smallest
seed. It also variesgreatly in seed size. The above
photograph isof seed from two hybrids submitted for
the Kansas Grain Sorghum Performance Tests. If plant-
ing were by weight of seed per acre, one would be
seeded much thicker than the other. For example, the
following hybridswere planted at 4 pounds per acre
and each had 75 percent field establishment.

Table2. Effect of seed size on planting rate and plant
population when planting is based on pounds per

acre. A %aj |0t B
Seed weight, g./1,000 seeds. .. 19.0 34.3
Seeds/acre @ 4 |b./acre. . . . .. 95,500 52,900
Plants/acre @ 75%field

establishment . ............ 71,600 39,700

So to obtain the desired plant population, it isnec-
essary to know more than how many pounds per acre
weareusing. Intheexampleit wasassumed that the
field establishment for the two lots of seed wasequal.
That may not be the case. Even when two lots have
similar high germination, it isnot uncommon for field
establishment to differ greatly (20 to 50 percent) from
laboratory germination. Whilethere seemsto be poor
rel ationship between seed size and field performance
when many sorghum hybridsarecompared, if seed sizes
within aseed-lot are considered, both extremely small
and extremely large seed havelower-than-average es-
tablishment capability.




Stage O

Emergence-when the plant first breaksthrough the soil sur-
face—generally occurs 3to 10 daysafter planting. Thetimere-
quired depends on soil temperature, moisture conditions, depth
of planting, and vigor of theseed. During thisperiod growth de-
pends on the seed for nutrients and food reserves. Cool, wet
conditionsduring thistimemay favor disease organismsthat seri-
oudly damage stands.

Management Guide

Depth and date of planting greatly affect
emergencerate. Planting should betimed so
that germination and early growth occur dur-
ing warm temperatures and so that flowering
will occur before the hottest period of sum-
mer. Planting too early delays emergence and
subjectsthe seed to longer attack of soil mi-
croorganisms.

Seed should be treated with afungicide be-
foreplanting. At the sametime, weed control
should be considered. Should a pre-plant or
pre-emergent herbicide be used? If weedscan
thus be controlled, later competition (because
wet field conditions prevent weed control by
cultivation or herbicides) may be avoided.

Stage 1

Three-leaf stage-L eaves are counted when the collar (the
placewheretheleaf blade and |eaf sheath attach, Figure 1) of
theleaf can be seen without tearing the plant apart. Thegrow-
ing pointisstill below the soil surface. Whiletheplant’sgrowth
rate depends largely on temperature, this stage usually will
occur about 10 days after emergence.

Management Guide

It isimportant that the date of planting be
late enough so that sorghum can grow rap-
idly during Stage 1. Sincetheplantisquite
small, relatively slow growth and poor weed
control during Stage 1 can seriously reduce
yields. Asthegrowing pointisstill below the
soil surface, much of theleaf areacan bere-
moved-by hail, for example-without killing
the plant. Sorghum, however, does not re-
cover asvigorously ascorn.




Stage 2

Five-leaf stage-Approximately 3 weeksafter it emergesa
sorghum plant has 5 leavesfully expanded; itsroot systemis
developing rapidly and roots produced at the lower nodes may
push the lower leaf off the plant. Thisusually doesnot cause
difficulty inidentifying thefive-leaf stage becausethelower
leaf has arounded tip and the second | eaf is pointed (Figure
1). Theplant entersits“grand period of growth” in Stage 2.
Dry matter accumulates at nearly aconstant rate until maturity,
if growing conditionsare satisfactory (Figure 2).




Stage 3

Growing point differentiation—About 30 days after sorghum
emerges, itsgrowing point changesfrom vegetative (leaf produc-
ing) toreproductive (head producing). Thetota number of leaves
has been determined and potential head sizewill soon be deter-
mined. About one-third of thetotal leaf areahasfully devel oped—
710 10 |leaves depending on maturity class-and thelower 1t0 3
leavesmay have beenlost. Culm or stalk growth increasesrap-
idly following growing point differentiation. Nutrient uptakeis
rapid. Timefrom planting to growing point differentiation gener-
ally isabout one-third of thetimefrom planting to physiological
maturity (maximumdry weight).




Stage 4

Flag leaf visible—Following growing point differentiation,
rapid culm elongation and rapid | eaf development occur si-
multaneoudly until, at Stage 4, theflag leaf (final leaf) isvisible
inthewhorl. By thenall except thefinal 3to4 leavesarefully
expanded and about 80 percent of thetotal |eaf areaispresent.
Light interception is approaching maximum, and growth and
nutrient uptake continue at arapid rate. The head isdevelop-
ing. Thelower 2to5leaveshave beenlost. Any referenceto
leaf number from now on should be from thetop, counting the
flag leaf asleaf number 1. While only about one-fifth of the
total growth has occurred, nutrient uptakeisfar greater with
more than 40 percent of the potassium already taken up.




Stage 5

Boot stage-All leaves are now fully expanded, providing
maximum leaf areaand light interception. The head hasnow
developed to nearly full sizeand is enclosed in the flag-1eaf
sheath. Except for the peduncle (see Figure 1) culm elonga-
tionisessentially complete. Peduncle elongation isbeginning
and will result in exertion of the head from the flag-leaf sheath.
Potential head size has been determined.




Stage 6

Half-bloom—Following the boot stage the peduncle
growsrapidly extending the head through the flag-
leaf sheath. Evenin combine sorghums, the peduncle
is not reduced in length asisthe rest of the stalk.
Although height of combine-sorghum plants hasbeen
reduced, head are well above the leaves, which
makes combining easier. Half-bloomisusually de-
fined aswhen one-haf of the plantsinafield or area
arein

arein some stage of bloom. However, because an
individual sorghum head flowersfrom thetip down-
ward over 4 to 9 days, half-bloom on an individual
plant iswhen the flowering has progressed half-way
downthehead. At half-bloom approximately one-
half of thetotal dry weight of the plant has been pro-
duced. However, nutrient uptake hasreached nearly
70, 60, and 80 percent of total for N, P, and K,
respectively. Timerequired from planting to half-
bloom depends on the maturity of the hybrid and en-
vironmental conditions; however, it usualy represents
two-thirds of thetimefrom planting to physiological
meaturity.



Stage 7

Soft-dough—Between half-bloom and soft-dough the grain
fillsrapidly; approximately haf if itsdry weight isaccumul ated
inthisperiod. The culm weight increases slightly following
half-bloom; then, because grain isforming rapidly, the culm
losesweight. Thelossin culmweight may account for asmuch
as 10 percent of thegrainweight. Lower leavesare till being
lost with 8 to 12 functional leavesremaining during Stage 7.
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Stage 8

Hard-dough-By hard-dough stage, about three-fourths of
thegrain dry weight hasaccumulated. The culm hasdeclined
toitslowest weight. Nutrient uptakeisessentially compl ete.
Additional leaves may have beenlost.




Stage 9

Physiologica maturity—Maximum total dry weight of the plant
hasoccurred. Physiological maturity can be determined by
the dark spot on the opposite side of the kernel from the em-
bryo (photograph at right). The kernel on theleft is physi-
ologically mature; the one on theright isnot.

Thetimefrom flowering to physiological maturity varieswith
hybrid and environmental conditions; however, it represents
about one-third of thetotal timefrom planting. Grain moisture
content at physiological maturity varieswith hybrid and grow-
ing conditionsalso. It usually isbetween 25 and 35 percent
moisture. After physiologica maturity, theremaining functional
leaves may stay green or dieand brown rapidly. If tempera-
ture and moisture conditions arefavorable, branchesmay start
to grow from several of the upper nodes (placeswhere leaves
attach—see Figure 1). Also, the culm or stalk weight may in-
crease dightly near physiological maturity.




Nutrient Uptake

Nutrient uptake precedes dry matter accumulation
because nutrients are required for growth and dry
matter accumulation. Figures 4, 5, and 6 shows nutri-
ent uptake (nitrogen, phosphorus, potassium) and
distribution among various sorghum plant parts
during growth. Figure 3 shows that on a relative basis
potassium is taken up most rapidly followed by
nitrogen, then phosphorus.

Large quantities of nitrogen and phosphorus and
some potassium are translocated from the other plant
parts to the grain as it develops. Unless adequate
nutrients are available during grain filling this trans-
location may cause deficiencies in the leaves and pre-

Figure 4

mature leaf loss which may decrease yields. Thus an
adequate supply of nutrients at all stages of develop-
ment of the plant are necessary for maximum yields.

A large portion of the nitrogen and phosphorus but
only a small portion of potassium is removed in the
grain. Amounts removed depend upon the amount of
each in the plant. A 135-bushel-per-acre grain crop
contains (in the total aboveground plant): 185
pounds of nitrogen, 35 pounds of phosphorus, and
215 pounds of potassium. If the entire plant is
harvested for silage or other forms of feed, much
more potassium is removed because most of it is in
the vegetative part of the plant.
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Sorghum grows slowly thefirst 20-25 days (up to
Stage 2) with the aboveground part of the plant en-
tirely leaves. Asnumber of leaves and amount of
leaf areaincreases, growth rateincreases. Thenin
the next 35t0 45 daystheremaining leaf areaof the
plant devel ops and expands to provide the photo-
synthetic, or manufacturing, apparatusfor grain pro-
duction. Most leaf growth occurs between Stages 3
and 5 during which time the upper 8 to 10 leaves
develop. Starting about half-way through the period
when |eaves are produced, the culm startsto elon-
gateand growsrapidly inlength and weight until flow-
ering occurs. Thenthegrainfillsrapidly, using mate-
rials being manufactured by the leaves and being
moved from theculmto thegrain.

Figure5

The general pattern of dry matter accumulation
isthe samefor different sorghum hybrids. Later-
maturing hybridstend to be heavier at each stage of
development than early maturing hybrids, particu-
larly from Stage 3 (growing point differentiation) to
maturity. Total dry matter accumulation ratesfor 3
hybridsgrownin 2 yearswas 170 pounds per acre
per day during the“grand period of growth” (Stage
4to Stage 9). The 3 hybrids had nearly identical
rates of dry matter accumulation; thelater one pro-
duced longer and thusyielded more.

Highest yields can be obtained only when the hy-
brid selected is adapted to the area and when envi-
ronmental conditionsarefavorableduring all stages
of plant development.




Conclusions

The preceding illustrations show how asorghum
plant grows and takes up nutrients. They show the
ratesat which growth and nutrient uptake occur. The
period of growth in which each plant partsispro-
duced isshown. Where nutrientsarelocated in the
plant at varioustimesisalsoindicated. Using such
information hel ps us provide conditionsto help ob-
tain maximum rate of dry matter accumulation for the
longest period of time appropriatefor an area. For
best results:

Select high-quality, vigorous seed of adapted hy-
brids,

Figure6

Fertilize according to soil testsfor production re-
alistically expected,

Plant at the proper time and at both correct popu-
lation and spacing,

Control weeds, insects, and diseases,

Provide optimum moisture conditions possible,

Carry out other cultural practiceswiththe general
growth and nutrient uptake of the plant in mind.

Finally, usetheinformation on growth and nutrient
uptake asyou look back on your last crop to deter-
minewhat practices might be changed or to evaluate
any new practicesor products.
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