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GRAIN SORGHUM NURSERY MANAGEMENT HANDBOOK
WITE SEL! JTED PROCEDURES FOR EST.MATING GRATIN QUALITY AND QUANTITY

D. L. Omltl

INTRODUCTION |
The consideration of the significant factors that lhit'production

of high yields and high quality maturial is essentisi in the establish-
ment of a.bruding nursery. This outline 1e an attempt to provide a
guide for planning work at a sorghum improvemsnt nursery or test site.
hctou.tlut can limit yield and reduce quality hsve bsen listed with
pPrevectative or control measures, and selected procedures to estimates
quality cre detailed later in the booklet as “MAOEMEN’T PROCEDURES (ﬁr).
Liste of sslected terminology (MP-22), equipment suggestions (MP-24), end
Seneral refarences (NP~23} are also included.

! Support provided by the United States Agency for International
Development through Contrzct csd=1175 entitled " Inheritance and
Improvement of Protein Quality and Content in Sorghum bicolor (v.)
Moench " Purdue University, V. Lafayette, Indiana 47907.

2 Research Agronomist, Department of Agronomy, Purdue University,
West Lafayette, Indiana 47907,



S1TE SELECTION

1. Whe possible select a unif .rm soil type, dra .nage pattern and
slope with a known uniform cropping and fertilixation hietory. If the
cropping or fertilization history or the internal drainage chnn'ctcrutico
of the soil ere unknown, plant a one-ysar uniformity trial (MP-1) ueing
one variety to identify spots to avoid when placing yield and quality
tests in the succeeding year or cycle. This will enable one to collect
more celiable dats from small plots.

2. locate in an area with adequate air and water drainage which 1s
not lub,;cct to surface erosion or flooding.

3. Consider the direction of the slope, wind and light as weil as
protection from high wind velocity and froquent storm areas.

4. Study rainfall patterns and water sanagement to maximize the
water hwlding capacity of the soil and 1ncuro‘ that irrigation water is
available 1if drought couditions exist ducing critical times of the growiag
season. Consider planting on ridges or in furrows to allow for asration or
accumulation of water, control the run-off damage, and water lossas from
rainfall o= from irrigation sources.

3. Fertilize according to soil type, previous cropping pattern and
fertility treatments in refererce to soil tests (MP-2). Consult your
801l apecialists on the amount of lime that your soil regquires to insure
availability of adequate levels of all plant nutrieats (pH 5.8 ~ 6.8). It
is noted that for an 8,000 kg/ha grain yield the sorghum plant reguires '
approximately 195 kilos of nitrogen, 37 kilos of phosphorus (85 kilcs
ons). oad 240 kilos (273 kilos 120) of potasaium per hectare for
normal growth (MP-3). Other fertility problems may be associated with a
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deficiéncy in 1t6n. boron, zinc, canganese or magnesium and also toxicity
due to aluminum or accumulated salts.

6. Beware of potential disease, insect, weed, pest, and weed pollen
'~ contamination problems by studying the past cropping hiogoty related to
wesd plants of your area and location in reference to bird populations
(plots near buildings, trees, and water usually attract more birds) and
prepare to control each (MP-4).

7. Locate site on all-westher roads to facilitate supervision by
wrhn' and observation by visitors.

8. Arrange for a flexible supply of labor as work loads change
seasonally to provide for timely planting, thinning, wseding, irrigstion,

observations, crossing, selections, harvest, analyses, and storage.

PLOT DESIGN

1. Plsce row direction across slope and direction of wind to control
erosion (wird and water), to maks maximum use of light (perpendicular to
path of sun when the site is away from the equator) and allow for surface
druinage and irrigation, if it 1s nesded or to be used.

2. Establish ! & required number of rovs per plot (minimum of three
rows harvesting the ceanter row only) for chemical and yield data, four to
six rows are prctc;ud (harvesting center two rows) with a minimum of six
rows wvhea height differences of more than 50 centimeters exist. Insurs
at least one border row on each side of an experiment and a border of
75-100 centimeters on the end of each row to avoid path, height differences,
and varisty interactions with harvested area. If heights of specific eatries
or genotypes are known, entriss should be grouped into unifora height
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blocks (msximum range of heights in one block of less than 50 cm) for
planting and -valuation purposes. V.risty, height, ani alley-way inter-
actions of up to 50 percent differences on height and y}old have been
noted, if plants were not bordered by st least one row of the same height
material.

'3. When testing for yield and similar quantitative characters
randomize entries in blocks according to height and replicste each a
uinimum of three times (four to six preferred whean soil and environmental
/condit:lono are not uniform). Rows of four-meter length are desirable,
a® only' the center two meters of a row would be left if one mster border
is left on the end of each row. If a closed canopy is desired for.‘-ou
lines, rows should be 60-75 cm in width depending on fertility lcvel.. type
of planting equipment, moisture availability, and varieties in trials.
Adjust plant spacings or seed rate to moisture and soil fertility leveis
(40 to 300 thoucand plants per hectare).

4. Datermine the amount of seed required (MP-5) and the amounts
available for sach variety desired for all sxperiments. Adjust amounts
according to known germination and plant popuutiqnl. It 1is advisable to
overplant yield trials 25-30% and thin the stand to the desired spacing.
This will insure a more uniform stand. |

5. Determine the harvest(s) to be made and the space, plus drying,
threshing, and ctota;o equipment required and available.

6. Arrangs to place lines to be crossed near each other or near
genetic male sterile sources. Male lines can be placed end to end or
adjacent to f-‘nla 1lines to facilitate pollination and harvesting pro-

cedures. Consider adjscent Tows of A and B lines for maintenance of
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cytoplasaic male sterile phenotypes. This will facilitate getting pollen
of many fertile plants to thair sterile counterpart and to do the back-
crossing (MP-6).
| 7. A procedure to establish msle sterile random-mating populations
by the use of the male sterile or other genetically controlled sterility
mechanisa 1{s outlined in MP-7.

8. Establish isolation requirements considering direction of wind,
(open-pollinated adjacent rows can be expected to show about 3-50% out=
cto.oiq’), saturation with desirable pollen, staggering of planting to
stagger flowering dates, and weed pollen sources (Johnsongrass and other

grassy-typs sorghum pollen can travel many kilometers).

PREPARATION FOR PLANTING

1. Detailed maps with known varietias planted on a regular and
definite scheme should be made. It is important that a system bc\ﬁcvolopod
that will all-w for each row to be s; acifically nuabercd and for the ‘:on-
tinuation of tha system from location to location and ysar to year (MP-8).
The syntem must be clearly recognized and understood by the workers in a
given project.

2. Planting instructions should include number of rows, row width,
row length, direction of rows, alley widths, and borders.

3. Packet the correct amount of seed for each row and make a definite
arrangemant of tha packets. Fasten the packets together according to llp.
plans (MP-9).

4. Treat the seed with a fungicide and insecticide to prevent damage
to young seedlings. Possible fungicides to use are Captan or Thiram type
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used as & slurry or as a dry powder coating of seed. Pousible insecticides
are Lindane, Aldrin, Dieldrin, and Heptqchlot, if sale @n‘aﬁrmitted. Pollow
nanufacturer's instructions for sefe use.

5. Fertilize according to soil test results. to a level that will
insure normal plant growth (MP-3). Lime tc about a pH of 5.8 - 6.8,
depending on soil type. Make applications of nitrogen, phosphorus and
potash as determined by soil tests and plant requirements. It will be
noted that it is important to recognize the phenotypes that will respond
to fertilizer. This cannot be done at a low level of fertility. It is
furthct.notod that it is often desirable to apply nitrogen in more than
one application (one-half at planting and one-half at the early boot
stage). Banding, hill placement, or use of foliage spray applications
may be considered ae mpre efficient methods of fertilizar application for

maximum availability’ for plant usage.

PLANTING

1. Select simple equipment capable of spacing rows up to 75 cm apart
ard uniforaly planting seed to a depth of two to four centimeters. Firmly
/£0lplct the soil around the seed to help conserve moisture for germination.
If soil moisture is low, then seeds may be planted deeper, but not more
than eix centimeotors.

2, Overplant sesd (five to six grams per six meter row) to provide
an adequate number of plants which can be thinned from five or up to 38
plants per meter in 75 ca rows (MP-S).

3, Maximum seed ylelds per plant can be obtained by space-planting

individual seeds (23~30 ca betirean plants) to permit maximum tiller
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4. Plar for rapid race of sert maticn whun the ()1l temperature
(at 10 cm depth) ic avove 20°C. Most variacies germinate very slowly at
temperatures lower than 20°C.

3. Timeliness of planting is essential to maximize ruinfall, obtain
optimum germination temperature, dasired length of scason, provide some
insect control, limit undesirable pollen and limit bird damage. It my
be necessary to irrigate at planting, if the seedbed 1s dry and the rain-
fall patterns are not conducive to good garmination within four to five
days. This would insure uniformity of stand and minimal germination losses.
(MP-10).

WEED CONTROL

1. Veeds must be controlled very early to insure uniform and compar~
able data. Weeds should never ba allowed to resch heights of 10 cm. Pro-
pazine at two to three kilos por hec;aro or five to eight kilos of Atraszise/
Raarod are chemicals applied pro-cnerge that control most weeds in many
soil conditions (MP-4). For broad leaf plants, 2,4-d (two to four kg/ha)
and Atrazine (four to eaven kg/ha for grasses) can be used as « post-emer-
gent spray. 2,4-d should be directed ovay from corghum plants to avoid re-
duced root growth and lodging. Atrazine should be applied when weeds are
5-10 cm tall. 1In all cases follow the manufacturer's instructions regarding
rate and time of application for the soil type znd rainfall pattern of your
site (Note: Sorghum is damaged by some chemicals recommsnded for maize).

2. Rogue outcrosses and off~types early to prevent undesirable plant

competition due to height differences and contamination of plote and eoil.
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Be extra careful to rogue out all shattercane types prior to their

maturity to t-duce seed drop and soi) contamination with their seed.

PEST CONTROL

1. Birds of various species can cause serious damage to' small plots
and particularly small areas in times of shortage of other sources of
food. Various bird control measures can be undertaken such as:

a) Bag and protect all selected panicles.

b)_ Cover plots with netting (must be high enough that tall plants

are all covered). |

c) Use labor to watch plots.

d) Arrange planting times to coincide with avaiiablity of alternate

and preferred sources of bird food.

e) Use mechanical noise devices (MP-24).

f) Use chemical sprays to ward off birds (Arasan M in water-soluble

paint (equal volumes of liquids) or other special bird repellancs.
Note: Manufacturer's recommendations must bs followed regarding
control and use of any sud produced which contains chemicals.

2. Pencing is a requirement in most areas to prevent damsge from
domestic and/or wild animals. Smsll plots can be potentially destroyed
in minutes 1f not fully protected.

THINNING
1. Thin before plante reach a height of 10 ca if tillering is to de
permitted and evaluated. Disturdb the plants that are being left as little

as possible as you remove the axcess plahte. It is important that
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germination be uniform so that the entire plant population is up by the
time that the thinning is undertaken, otherwise the plots may need to be
thinned a second time. Select the nuaber of plants required per meter of
row for the row width in your plot at the desired plant population (MP-11).
When thinning, space the required number of plants within & meter of row
28 evenly as possible, aven if some may be slightly closer or farther apart

than recommended.

DISEAS! AND INSECT CONTROL

1. Study tha potential sources (MP-4 and 12) of insect and dimna
damage (MP-25 suggests more deteiled sources o! information) and idontit;y
potantially available control measures. Study the symptoms of the disesse
and ineect damage so that they will ant be confused with physiological
discoloration of sorghum plants.

2. Control grasshopper damags o polliinating bags by treating bags
prior to fisl! use with an available ‘neecticide (e.g., Dieldrin).

3. The applicaticn of an insecticide inside pollinating bags may be
essential to control aphids, wabwirm, corn earworm or other insect damage

to baggsd panizle grain prior to field harvest (e.g., Dieldrin or Lannate).

NOTE~TAKING

l. Use a couutont number scoring system to facilitate &veraging
replications and/or computer calculations. It is important to cbserve
frequently enough to utilize maximum differencas or developreent (most
timely period) to identify limiting oi most desirable factors. See the
suggested acale for nti’.nn' as listed in MP~-12.
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POLLINATING

1. For test crosses uniformaily bag cytoplasmic male sterile plants
with dated bags when panicle 1s one-half exerted from the flag leaf.

2. Use dated bags to allow for more rapid location of receptive
panicles when actually making crosses on cytoplaismic materials. Face date
on bags or identification all one direction (toward sun until cross ie
u&c. then avay from sun to avoid fading).

3. Collu:t pollen by bagging the male plants in late afternnon with
marked bags (stripad or colored), the next morning collect pollen from
under tk;n bagged panicles end transfer it to the receptive female plants.
Alwys use dry bags for collecting or transporting pollen. Pollon.cln be
carefully collected from open dry panicles in the early morning with
minimum contamination, if you work the nursery toward the prevailing wind. '
Pollen remains viable under most conditions for 15~30 rinutes. You should
test your procedure, if longer time is required frr pollcn transportation.

4. If sufficient plants are available entire pani.l:s may be cut
insuring a larger supply of viable pollen over a longer period of tima.

Cut panicles can be placed in vials of Water on receptive female selections
under pollinating bags at time of first pollination and be shaken the next
moraing to release pollen and thus increase the volure of pollen available.
This increaseo the time available for pollinating and reduces the chances
of contamination frea windblown pollen and this prevents loss of pollen

due to brisk winis after pollen starts shedding. It elso allows for double
application of pollen to one fenale from the same male (iucreases seed set).

5. Identify mele sterile Plants (plants which do not shed pollen) in
population isolation Plantings by tagging them in oi-dct to harvest only
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male sterile plants grown in associntion with selected male entries,
thus assuring cross pollination {n i, olation plantings.

6. Plante can be erasculcsted to remuve or inactivate the anthers
of pollen (M?~13). Large numbcrs of fiorlots may he wale sterilized by
hot water emasculation wheie a plastic bag .o tied by usd of & rubber
band around an individual panicle and hot water added rendering the pollen
irviable (MP-14). A plastic bag technique (MP-15) may be used to keep
the humidity around the anthers high, allowing for the anthers to be
shaken off prior to their shedding of pollen. This permits receptive
stigmae }o develop which can bs pollinated by bringing pollen from a male
plant at a later date.

7. Breeding terminology as presently suggested is iisted i HP-22.

HARVESTING AND DRYING

1. Timaly hfrvnot is important to reduce bird dumsge, insect damsge,
lodging, and weatherirg damage. Grain normally reaches physiological
maturity at about 30 percent moisture. At this stage in the field, many
varieties show a black layer at the tip of the grain. Harvest can usually
start when tias grain corntains 25-30 percent moisture providing wmechanical
damage to grain is avoided. All grain harvested at 20~25 percent moisture
will require drying to below 12 porcont moisture to permit safe storags.

1f artificial neat is used the teapsrature should not exceed 45°C to prevent

loss of germination or 60°C to prevant quality deterioration, when good
germination of seed is a0t requirad.
2. Determination of moisture percent at time of harvast (MP-16)

1 an estimation of maturity at harvest. When wet weights of harvested
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grain are used in calculation of yield all weights require adjustment to
a yield at a ~onstant moisturc perce.tage (MP-17).

3. Careful handling procedures and instructions to harvest laborers
will help praevont concaminaticn and errors by mis-identificationm. Avohl
haond copying of ideatification by use of transferable inps snd machine
numbariny. PFre-nuther ag oi thrashed sced containers (envelopes, bags,
atc.) to be uoed to identify panicles or harvested plant p,tn. until 4ry,
thzeshed, and used for storage avoids copying errors and facilitates rapid
and ordarly harvesting. -

THRESHING

1. Most varieties thresh with lesst damsge to grain and loss at 12-15
percent moisture. Collecting small panicle branches at tims of threshing
and using thess to verify and identify ceed harvested sfficieatly pmﬁ’u
an accurate chacking method (MP-19).

2. Usa of emall hasd thrashers reduces tima of threshing whea ﬁui
mmbers of single heads are threshed independently. It is essentisl :ﬁlt
a thresher be rapidly self-clesning and essily checked for conplct‘ﬁui of
cleaning out to r.ke sure ths next lot of ssed 18 not co.taminated by the
previously threshed sample. '

3. Use of eieves to remove trash and foreign materisl is essential
for good storage of seed and can best be done soon after or at the time of
threshing.

1, All samples shouid be dried to below 12 percent -otltuio before
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ltoring. Plastic contunetl (alr-tlght cnvclopu. bottles, or boxu)
cﬂ.ow for dircct vieual obutvation vf stocred eample, and due to sir-
- tightness n.uun longer germination than Paper envelope storages.

2. }hintcngnc. of ficld identification by year, experiment number,
and row location factlitates future selection and usa';e of ll.d; Store in
a dry, cool facility (30 percent relative humidity at 70°P or some combi~
ntnm-ot these two factors oumaing 100), to insure maintensnce of high
uul gu'uutun and increcse freedom from insect danage.

.I.* Ptotocgton of germplasm from rodents and otker pests is essential |
and every precaution (vire netting, metal containers, concrete stryctures,
door guards, etc.) must be utilised. Some germplasm, 1f lost to pests.

can never bs replaced.

ESTINATES OF QUALITY

1. Mussrous characteristics of the grain are used to predict grain
qualicy relative to a sample's inttcipntnd biological performance.
a) The woisture content at harvest is an indicator of maturity, -
Most varicitoa reach ntt;rity at 28-30 percent moisture r-~16). -
b) Seed weight and seed density (MP-21) reflect mtuut:y and relat{in-
o shipe of se.l mtm.".o area relative to quartity of endospars and
embryo and thun, srain quality. ‘
c) The degree of weathering and incidence of pericarp infestations
| by ioidl. ete., reduca stain qu'nuty as thg degrae of | attack .
- increases. -
dy lunlual sprays and seed ttutuntl sust be couuctd as wtntuny
harmful td graina quality and the amount of contarinate datarminad
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_ bafore the grain is used for feed or food,

e) Retimates of petcent protein, amino acid éoncmtnttono. percent
oil. and various Miv'“unl elements have been available or are
being devsloped Qr-12). | Identificstion of protein content and
amino acid balince sllows for a more accurate estimate of chemical
quality prediction when tannins are considered MP-i9).

) Tannin estimates: The presence of tannins lowers the biological
value of .u‘tn sorghua. .Cltocun equivaleat (CE) estimations
of tannine (MF-19) will permit the identification of grain sorghum
selections uhic!u have low tannin values that will give the anti-
cipated diological performance based on protein and amino lc_id
estimates. Samples containing tannins (high CE values) will .
resul: in lower than expected biological performances from protein
and amino acid analyses. Pericarp and testa which contain the
tannin can be partially removed, thus teducinj the tannins to a
low .evel by use of the NaOk dehulling procedure (MP-20). | This
process slightly reduces the fiber content of a sample and aslightly
increases the protein conccntn:ion snd for high tannin samples

sreatly increases the growth rates in biological tests.

UTILIZATION OF PINDINGS

Research findings have little value unless they are disseminated to
tlu;o_c who can profit from thsm. This involves more than cataloging and
publishing ‘umlu and in most cases the persons who identify a valuable
characteristic or trait can best help explain its valus, lhtutuu.} |
and poseible uccpﬁbuity. Practical application of new breeding stocks,
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management procedurés, production potentials and extension procedures

should be dwdopd as'a part of research procedures to facilitate the

use of ressarch results by producers apd coneumers.
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MANAGEMENT PROCEDURE-1

Uniform v.:mg Trial , .

This trisl is to ideatify uaiform plon‘ for arrangement of yield,
dtuuc, qﬁ quality trials. m. s 'coiuucnd a ndh‘iuty trial to
deternine variability in 8oil and other factors to see if the field is
- suitable for growing sxperimental materials. One variety wiuld be planted
~ and treated the same over the eatire ares, (statistically there would be
mo treatmente per se). Crop growth and yuﬁ data wuld be used to map
the am.n relative to differences in soil type, wmter drainage, water—-
holding capacity, fertility levels, and other variations dus to pr,/vlmu
cropping systems and management practices. |

The ares studied showld be merked in uniform regular plots to record
data relative to germination, ilonrtn.‘. hu.&. yisld, quality, and
other obocﬁablc factors of interest. The smaller the plot size the more
vdiuud_th ioformation obtainable and the mors accurate the poseibility
of mapping differences. At the same time, £h timé and labor nqqttn.iti
are increased as size of plots is decressed, but plot size should not be
~larger than anticipated experimental plot ares to be utilised in subsequent
.trials. Division of the area into one, two, or three-row plots, two to |
fopr meters long, wuld allov a reasonable mapping of dutarncn. it
'Nbuquut plot eize wuld be of ihﬂu sise. This would allow subssquent
triale to be crranged to make maximum use of untfo'n' and known “vu.;u areas.
It is suggested that mml plots should de ﬁnw and relatively
 long and placed across soil and 'lutil_;cy sradients, while each block
should be uiﬁrly uniforn as possible for all faccors.
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MANAGEMENT PROCEDURE-2

‘Sampling for Soil Testing

It is very important to nd@t&y ud correctly ssaple the soils of a
.1n§ ared as the data obtained from a sample cannot be better than ths
‘esample taken.

- Suggested procedurs:

1. o&ahz u-pltn. tube, auger or spede, and clesn container.

2. Drav a sketch of the field.

3., ldentify cropping, fertilizer, and other past treatment information.

4. Divide the field into uniform areas kaving the same eoil color,
~ soil texture, and same cropping, fertiliser and liming trestment.

. 5. Semple at 10 or more places in esch ares separately (do nmot mix
lgh: and dark colored soils together). Sample by collecting equal amouate
to plow or cultivation depth.

6.} Place sample from auger or spede (thin nlu'o to maximun depth of
ssaple) in a clesn container and mix thoroughly.
7. Allov mixed sample to M.t dry on clun pape: in a clean area.

8. Sond from each different area about one-half liter to a soil cesting
laboratory. Discard the remainder. Label and nusber the sample comtainer
according to the map.
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MANAGEMENT PROCEDURE-3

Deternination of Fertilizer Nesds

Estimated nutrients required to produce various ytcldo» of grain must
be furnished by the soil plue appl‘hd forms of fertilizer to cbtain the
sslectad yield.

Grain yield Nutcient Requirement (ki/ha)

hp/ba W TR | K0 | M [C | zm B @
(43.7%r) | (88.7XK) | . ‘

4000 9% 42 136 11 11 .13 .13 044

6000 146 64 205 17 17 .19 .26 .066

8000 195 85 273 22 22 26 | .34 .088

10000 264 | 106 k3 1 28 28 32 | 43 | .10

It wvill be noted that nutrients ars taken up and dry matter accumu=

lated at the following estimated rate: (8« MP-12 for more detail of

growth stages.)

~ Growth ir.qc:

1 Rapid Growthi Rarly Bloom]|Grain FormjMaturityiTotal

Approx. days: | 0-20 2440 41-60 61-83 =95 |
Mutrient: N 5 33 32 15 15 100
P,0, 3 23 34 26 15 100
K,0 7 40 33 15 5 100

Dry matter 2 15 32 32 19 100

The above data would indicate a split application of N should be sade

at 35-40 days of dnvilopunt particularly for light sandy soile and

tropical “eites.

| Vanderlip, R. L. 1972.  How a sorghum plant develops. Cooperative

Extension Service, Kansas State University, Manhattan, Kansas.

C-447, %o. 1203,

“n. J.8. and W. M. Ross.
Better Crops §rom Plant Food.

1970. Soaghum production and utilization.
The AVI Publishing Co. Inc., Westport, Conmecticut.

'.mr’ "O. 1’7_3 adition.

Potash Institute, 1649 Tullie Circle, M.E. Atlanta, Georgia.

North American |
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MANAGEMENT PROCEDURE-4
Potantial Dis.ises, Insects, Parasite., Pests, nww
The ngnttudc‘of potential myladies mkc; ic inadvieable to describe
all the known organisme tlﬁt attack or reduce sorghum phtforﬁnccl. You
are refnrred to MP-25 for nutcéu of more information. An outline of

types of adverse organisms is included here:

Diseases (Ses MP-12) Insects (See iP-12)
Downy Mildew Sofl '
Virus - Maize Dwarf Mosaic (o) Seedling
Sugar Cane Mosaic Foliage
Ergot Panicle
Smuts
Bacteria Leaf diseases Pasts
Foliage diseases (fungi)
Ruste Birds  (Ses MP-24, 25)
Swall Seed ' Stray farm animals
Stalk Rots Vild animales
Milo disease Rodents
Busane

Parasitic Plants

Striaga sp. (Witchweed)
Veeds

Clean culture is essential for maximum production as any other
j»hnt vill compete with sorglum for water, light, and nutrieants, and
often weed plants mtvivo dus to their abutty to extract mutrients
more efficiently tlun the desired crop plant. Sorghum s most dasaged
by weeds in its early stages of growth. Recommanded chemicals are
fropniu and 'Attum. 48 well as an Atrasine/Ramrod combinaticn.
Timely cultivation is essential and under most conditions econcmical
18 cosbisation with chemical tyeatmeat.
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o _'Dctmlutton of Seeding Rates for a G‘tven Desired Plant Population
o Seeding rates sre dependent on viability of seed, space batud rovs
and number of plants rgquiud per hectare relative to availability of
water, fertility of soil, and desired level of ptoductidn. 1f seed 1is
yhnto'd Sy nuhcﬂaﬁ size of seed must also be considered. 1In very dry
areas planting rates wuu"uty from 35,000 to 125,000 plants per ‘hectare,
vhile vell fertilized and irrigated plote would require 245,000 to 300,000
pﬁuu per hectare to produce saximum yields. Undc; most conditions &
£1eld emergence rate of 75% of the sesd planted can be expected, but a
hulnt or lower figure may be valid from experience or from eeed geraination
tests.

To test for nnmunn; 100 or mors seeds of each variety should be
placed in s soil vith temperature and mofsture conditions omhr to field
conditions at ph;lun. time (moisture at £isld capacity and temperature
above 20°C). 2lants which emerge can be counted to determine percent gers-
instion. One bundred or mors seeds of each iot can be placed on paper or
cloth eo that seeds do mot touch ;Ach other, carefully rolled, ‘moistened,
and placed on end in a jar containing a small amount of water at a temper-
ature of 20-40°C. Germinating seed can be counted after five day; and
divided by the nubor of seede tested to determine percent germination. |

It is ru:oﬁndd that seeding rates bte incruud (125% overplanmt) in
_nureery plots where yiald sstimates ars to be obtained so that the stand |
_ can bs thinned to tue desired unifora plant population befors the ssedling
exceeds 1_0 ca in bafght. | '
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MARAGEMENT FROCEDURE-5 Irontinue?)
RSN . SER LY WS AT T SR

. No. of phntn No. of srede (73X cmcrgenca)
Rer hectars to plant pec row of & m 1en“th*
430 m .60 m A
40,000 14 il 40 27
100,000 17 40 50 68
125,000 22 50 64 84
250,000 . 42 100 125 168
300,000 350 120 150 200
No. of plants Distance (cm) betwoan plants
pet hectare in the row width of:
50w .60m .J5m 1am
40,000 50 40 3 25
1€J,000 20 . 16 13 10
125,000 16 13 10 8
250,000 8 6 S [}

300,000 6 3 L) -3

To insure -the correct planting r: s by weight, 1if \aight 1s normally
used for packating or planting, the weight per seed should be estimated
by counting and weighing 100 or 1000 seeds which are to be plantcd from

which the weight of the seed to be planted for & 4.01:«! plant population
can be calculated.

# 1253 ovarplant included.
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Haintenance of Cytoplammic Yinen

If cytoplasmic eie mterilc feed and ‘the weintainar line are to be
mc.uand the starile a-lire con be plontad usljt:t«.'.;lt 7 the B~line (main-
tainer) and whan ?elt’ad A Llee Llonta ixwa viehic otigans the pollen from
the adjacent B-line can be ducted upon them by bringing th: panicles to-
gether across the rows. The following is an niuutu:ton of the steps
for ~mintenance and establishment of & cytoplassic line and ite maintainer

1ine: .
a) Maintemance of Cytoplasmic Male.Sterile A-lins.

A-line

I-line
sterile Fertile . Self to maintain
B=line
A=1ine
male sterile

b) Estabiishment of a Cytophuu’A-um’.

sterile ferti:a

‘50 recurrent B-line
75% recurrent B~line

83.75% recurrent B-line

| 87 .3% recurrent B-line

"B=1line
97.875% recurrent B-line aaintainer
‘ ' (tertile)
new A-line

(sterile)
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" - Use of Genetic Male Sterility for Randum Mating Population Deselopment .
’ Random mating populationg provide a procedure to randomly combine
diverse sources of genes which can be identified in deairable cosbinations .
. as individusl plants are salect.ed._ The following 1s an illustration of
an anticipated number of sterile plante in each randor mating cycle. It |
is suggested than an isolation area of at least lllo_wurc ba Alw
- with 300 meters or grsater distance from othar sorghums, or 20-;30»dlyl
.dufcun‘cc in planting be allowed between random mating blocks, 1f funter~
crossing is undesirable. If a wide range of maturity is desir.d, tln use
}ot two or more planting dates in an :I.-ovhtlon block will allow for u_rly
nnd_ late maturing plants to random mate. Sterile plants (no vollen ehed)
are best ucn;zitiod vhen pollen is being shed by fertile plancs. A
system of tagging (plastic, string, cloth, or tage) the steriles for
harvest of only i;ton-poumud plants is required during rundom mating
to allov for the harvest of 500-1000 ross~pollinated panicles for
cpnbiun. (equal seed ’ftOI each plant) at harvest time.
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MANAGEMENT PROCEDURE-7_(continued)

Step At Croe i with mile line select’ .ns.
&= -

aterile
(femalas source)

Step B: Plant F, and self,

(combine seed - oqual amounts from asch

selected plant.)
fertile

Step C: _Plant ?2 in isclation. tdcutuy ncle sterile femsles at pollination.

ED - @D - @B

sterile fertile fertile

Patio: 1 : 2 t - 1

Ihtvut only identified panicles. (coiblno seed - equal amounts
iiom each selected plant). . '

Sep D: Plant in isolation. Identify male sterile females at pollination. »

&S - ED

sterile fertile
Ratio: 1 3 .2

Harvest only tdentified panicles. (combins seed - equal amounte
from each selected plant). . .

Step E: Plant i.n isolation. Identify male sterile females at poillutibn.

ED - @&
aCerile : tottu_.o
Ratio: 1, : 1

Harvest only Mmuﬁd panicles. (Ses G-mul References lor

details to select plante for hybrid or line dmlopunt. 1.0., Sorghum in
the 70'6.)
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WANAGEMENT PROCEDURE-..

Sugresced Mapping and Identification System
Illustrated below are systems adaptable to handling with o computert,

&) A computerized nusbering system;
252 0,2 Q621 Datas
e+ /Tige TOW entry no.+¢

study no. . rep B0, .
¥

G266

total entry no.

b) * An identification plan:

I 11111
o T |
D T — :
:’ LIULLLE “ . "
;f..z BORDER row 60

¢) A planting map for 252:
Study 252 map

Row hn.o No.
No. 1l 2

3 4
1 o6 025 034 161

[

2 062 142 002 153

3 62 4
- eafry Bo. 232062
L OSSN

* Computer programs for Printing mapy end field books are available from
Purdue University,
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MAMAGEUENT PROCEDURE:§
. Arzangement of Packets for Planting |
Seed packets contalning the ieed to be planted ‘n a given row should
be unn.cd in fhto et seed boxes in the order as ‘ndicated by the planting
map prior to r.he of planting. This allows for checking and re-checking
of packet arrangesent prior to planting to prevent all possible errors in
arrangemsnt of packets.
a) m.i.mnt by ranges: When planting is to be done by mavun{-x
., Yovs in each range, then packets for one entire range should be
temporarily fastened together to be laid out in the field on

el T

tou" 1 rm'v x
b) Arrangemstt to plant by row across ranges:
border
PR SRR
| |
4+ alley
+ border *
row 1 roy x

When a planter is used to follow row one across more than one range,
turn around ltll return on row tvo The pcchtn should be lsid out by -p'
order, checked and tlun row ona pi.clud up across all ranges. Then 1n

reveras range order, row two would follow with row two range.
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MANAGEMENT PROCEDURE 10

Water Requirements and Irrigation Procedures

Water requirements are influenced by dufltion of growth, temperature,
relative humidity and soil water-holding capacity. The total use of water
for the growing season is euthlted.to range from 55 to 60 cn. for a 6000
kg/ha grain yield. Peak demands for water occur during the late boot
thtoug!: early heading stages where up to 0.8 to 1 ca of water nﬁld be
used per day. An average usage of approximately 0.6 cm per day should
be expected from boot stage through late dough stage.

Rffective rainfall wvill lengthen the period between irrigations.
Whenever water is applied the soil profile should be filled to field
capacity to make best use of the water and facilitgte meximum root
growth. 1In the absence of rainfall, lighter soils will raoquire irrigation
every four to five days while on heavier soils it may be ;'oqu:lnd svery
10-15 days with the last irrigation on heavier soils at about the ﬂ“l
of flowering, if the soil in the uppc: 60 cm 1s up to field capacity.

Selection of non-tillering va_rutua and adjustments in plant popu-
lation can be made to conserve limited scurces of water.

(Please refer to table which follows)



MANAGEMENT PROCEDURE-10 {cont inued)
M
Estirated Water Usage for Approximately 6000 kg/ha Grain Yield#,

Growth Mumber of Days Plant th;ivc
gupg Alter Rmergence Mg htl Cheracteristics Water Use
N_!L. -—-'“‘-—-
cn (cm)
0 0 Emergence
1 10 10 Color of 3rd leaf visible
2 20 30 Color of Sth leaf visible 10-13
3 ' 3 ' Growing point different-
‘ httm_: (8th leat)
ST 60 Pinal leaf visihle in
- whorl
5 50 Boot. Hsad extended into
flag leaf sheath 20-25 -
5 60 Belf bloom
7 70 Soft dough -
8 85 Hard dough
9 95 | Phys. slogical maturity .55-60

. Vanderlip, R. L. 1972. How a sorghum plant develops. Cooperative
Extension Service. Xansas State Uuiversity, Manhattan, Kansas.
C-447, Mo. 1203, -

1' 3.. m"lz.

§ Three-dwarf. type plants.
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MANAGENENT PROCEDURE 11
Thinning
A Thinning should be done as soon aa possibic +7ter sll seede have
gerainated and befora .lem:u rcach a height of 10 cu.  There should be
a minimum d{sturbance of plants selected to remain ia each plot.

Number of plants tc be Jeft at thinning:

Rov Width

f S0m .60 m_ 15 m s
Ph.ntl ha (Mumber of plants per 1 m of row) o
40,000 2 2.5 3 4
100,000 5 6 7.5 10
125,000 6.25 7.3 9.4 12,5
250,00 12.5 15 . 18.8 25
300,000 - 15 18 22.5 30

If a two-meter stick is used the above sslected numbers should be
doubled and plants thinned and as squally spaced as possible, but leave
the actual required number in each meter of Tov epacs. |
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MANAGEMENT PROCEDURE-12
RIS : AR

Field Note-Taking Codes

Suggested number-rating scales utilizing vwhole numbers to focilitate

the use of a computer follow:

Flowering date: Recorded as the number of days from date of planting to
date when 50X of plants are 50X in bloom.

Stand: -
1 = very thick
2 = good
5 = poor
7 = less than §
9= no plante

Restorer genes:
1l = pollen shed
9 = gterile
|

Tillers of stand:

1l = less than 10X of heads on tillers
9 =» 90X or more of heads on tillers

Canopy Cover: (1-9)
3 = complete

5 = poderate
7 = open

Last angle: (1-9)

- 3 = very upright leaves
3 = horizontal leaves

7 = drooping leaves

Midrib color:
' 1 = white
2 = geni~white
3 = dull
4 = yellow
5 = orange
6 ® browm

Nead compactnass:
3 = compact
5 = gemi-compact
7 = loose

Central rachis:

3 = contracted
5 = gemi~curved

7 = completely extended

Peduncle shape:

3 = gtraight
5 » gemi-curved
7 = curved

Awns:
l e no awns
5 = ghort awne
9 @ long awns

Head Excrtion:
d = well extended
3 = above flag
7 = below flag

Glumes:

1l = no glumes
« 1/4 covering
1/2 covering
3/4 covering
complete cover

O~NRWw
288

Glume Color:
1l = white
2 = gtraw
3 » yallow
4 = orange
S = light brown
6 = bromn
7 = god brown
.8 = gray
.9 = purple
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MANAGEMENT PROCEDURE-12 (continued)

Seed Cclor: Environment :
1l = white 3 = accelerated growth
2 = ytraw - 5 = normal growth
3 o yellow 7 = retarded growth
4 = orange '
5 = light browm Bird damage:
6 = brown ' 3 = resistant (partial)
7 = red bzowm 5 = moderate damags
8 = gray 7 = susceptible
9 = purple ‘
. Endosperm:
Weathering: (1-9) 3 = floury
1 = resistant 5 = both floury and vitreous
9 = very susceptible 7 = vitceous
Yeld

3 = above average
5 = average
7 = below average

Lodging: (1-9)
1 » resistant
S = intermediate.
9 = gusceptible

Other measurements that might be taksn:

plant heigl = (top of head) (cm)
stem diamter (cm)

‘head exertion (cm)

head length (cm)

head width (cm) ,

falg leaf length (cm)

flag leaf width (cm)

3rd leaf from flag leaf length (cm)
3rd leaf from flag leaf width (cm)
nunber of nodes

stand - main plants

stand - tillers

total number of heads harvested
length of rov harvested

weight harvected

nunber of heads sampled

sample weight (wet)

sample weight (dry)

moisture perceat
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MANAGEMENT PROCEDURE-12 (continued)

A Clanpifica.ion of Macec

CURG A%Iﬁ@);f
| A éf;"’ '

type and drattercane a0
" Cultivated races: 3. bicslox osp. bicelor, Intermesliate races: (l“ combinations of basic niau,
. . ~ Race (6) guinca-hicolor (H])
',.”m' bicol ' ) Slulalumobicolor. ((( 41}
kafir-bicolor K1)
mm m durra-bicolor B
Racs {6 kafir 0) guineacaudatum GC
Race duera : guinea-kafir GK
uinea-durra GD
afir-cavdatum K
durra-caudatum
kafirdurma kD)
1 s seserved
vhan type L.
REFERENCE :

Narlen, J. R. and J. M. J. deviot. 1972. A admplified classification o
cuttiveted sorghum. Crop 824.12:1172-176. d
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MANAGEMENT PROCEDURE-12 (continued)

Stages of Pl nt Crowth in Snrghum

A suggested rating for ctages of plaat grovtl Lo)lows.

Stage Days after emergeucs

- (approximately
0 0
1 10
2 20
3 30
& 40
- 30
6 60
7 70
8 85
9 95
REFERENCE :

Deaczlprtion

- woen v

Emergence, S2-sl leai virzible at soil surface

Three leaves with fully develope! sheath,
i.e., third leaf sheat elongate. and collar
between blade and sheath visible.

Five fully developed leaf sheaths, i.s., fifth
leaf sheath elongated and collar between blade
and sheath visible.

Growing point differentiation--on RS 610 eightl
leaf sheath elongated and collar visible, but
this characteristic differs in various hybride.
Culm has not started to elongate. (Plant may
have to be disected to distinguish this and
separate from following stage.) Ons or more
leaves may have been lost.

Final leaf visible in whorl. Culm undergoing

rapid elongation. Lower 1-3 leaves may have

been lost.

Boot s.age. All leaves .ully expanded. Head
nearly full length and enclosed in flag sheath.
Peduncle elongation occurring. Total leaf
area has been attained.

Half-bloom. One-half of the main heads are
in some stage of flowering.

Soft dough.
Hard doh;h. '

Physiological maturity.

" Vanderlip, R. L. 1972, How a acrghum plant develops. Cobpitlttvo

Extension Service.
C-447, Mo. 1203,

Kansas State University, Manhatten, Kansas.
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MANAGEMENT PROCEDURE-12 (continued)

Disease and lasect Evaluation
1. Downy mildew. If sorghum downy mtildev is present, data should be

collected on the incidence of systemically infected plants, as well as
the severity of foliar infeactlor (local lesicn plase). Systemically
diseased seedlings snd plants will develop ntriped or stresked leaves
vith alternate green and yellow or chlorotic stripes. Down (ssexual
sporulation) is common to abundant on the lower leaves of thase plants
during humid weather with moderate to cool temperatures. The local lesion
phase will develop axtensively in Sweet Sudangrass under fcvonb.l@ con~
ditions and could develop to a lesser extent on many of the entriss in
the test. Dissase evaluations can be made for this phase as for other
foliar diseasss.

2. Head smut. Determine the incidence of disease in each plot on or
about the souft dough stage of growth.

3. Matze dwerf mosaic virus or sugsTcane mosaic. Dats may be obtained
at the boot stage of growth or after flowaring, based on the rating
system of Toler et al.(Texas MM.. Departaent of Phnt.sdoncu). Froa
flowering on, the mottling and chlorosis usually disappear, thus, one
cannot determine 2 oi 3 in late growth stages. Cool temperatures of 60°p
or lower maks symptoms much more severs, espacially on susceptibie lines.
The red leaf nﬁpton often does not develop in the absence of such cool -

temperatures. Note: Certain genotypes vill show chlorotic and stunted

Frederikeen, R. A. (Unpublishe: information) Sorghum Disense and Insect
Evaluation - Note-taking Instructions, Department of Plant Sciences,
Texas A & M Univereity, College Station, Texas 77843.
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plants without significant necrosis. Theas should be rated a 5. Incidence
my be‘hportcﬂt and zay o repertod As & rercentage. This 1# sspecially
important whien incfdevcs 2 wear 100Y 4n rome oy les.

0 = digeasec not presont.,

1 = no apparent vymptomn.

2 » leaves with anttling only,

J = mottling and swignificonc chlorocie.

4 = mottiing with significant leaf necrosis (red leaf on most genotypes)

5 = the above accompanied by severe stunting or death.
4. TFoliar diseases. A rapid eveluation of foliar disease incidence and
severity can bes made for the following dissases: Grey leaf spot, sooty
stripe, zonate leaf spot, rough spot, bacterial stripe, physiological or
genetic spotting, insecticide damage, Helminthosporium blight, rust and
downy mildew. A rating system, as devised by Zummo (Research Plant Path-
ologist, Meridian, Missiseippi) 1s as follows:

0 = disease absent

1l = resistant

2 = disease inconspicuous or preseant on an occasionmal plant.

3 = disease abundant (over 50X prevalence with low severity,

apparently causing little economic damage).
4 = discase severe (100X preval:nt, astimated leaf srea destroyed
up to 25%, disease appears to be of economic importance.

5 = as in 3, but over 251 of-leaf area destroyed.
5. Stalk rot. Data should be collected at about physiological maturity,
or vhan the grain has completely matured. (lloux' At times following arti-
ficial inoculation, 1ittle disease develops. Nevertheless, good comper-
ative data can usually be obtainad by recording differences among sntries
within inoculated internode.) The following rating systea can ba used
in evaluating ths severity of anthracnose, Fusarium, and charcoal rot

folloving artifical inoculation:
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MANAGEMENT PROCEDURE-12 |continued)

= nonu present.

up to, but less than 1 basal internode affected.

more than 1 but not more than 2 interncdes affected, infection
must have spread through at least 1 internoda.

» i{nfection has passed through 2 or more intarnodes.

= extensive invasion of plant but not killed.

= death of plant due to stalk rot.,

w W N-Oo
8

6. lodging. The ratings beicw based on purcentage of lodged plants
should be recorded. This lodging can be any one or a combination of :
weak neck (breaking at base of peduncle), stalk breakage (due to stalk
rots or weakenad stalks due to stress, or very high wind), or root lodging
(entire plant leans or falls due to wet soil and wind). Tha predominant
type of lodging should be recorded. Use ratinz or actual sercent.

0 = not present.

1 = 2% or less.

2 = 3-10X.

3 - 11"30:.

4 = 31-70%.
7. Fusarium Head blight. Infection and death of rachis branches, rachis,
and often peauncle (maybe even progressing downward to the basa of the
stalk) should be rated as below. . The panicle branches of infected heads
often droop severely after maturity. Infected rachis branches and peduncles
have both external and internsl discoloration as contrasted to MDM induced
diecoloration which 1s limited to external discoloration only. The disease
usually devalops or becomes obvious at about physiologic maturity of the
grain or later.

0 = nons present.

1 = resistant ~ no infection in nchh branches or head.

2 = {nfection limited to head, particularly rachis branches.
3 = wvhole head infected.

4 =» both heads and peduncles affected.
3 = head blight resulting in death or lodging of plants.
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8. Anthracnose (Harris, H. B. et al. 1964. Crops and Soils 4:460-462)
a) Natural infection - each of the following are rated from 1to$
based on 1 = resistant to 5 = death of the tissue or plant:
| leaves (foliage), stalk (peduncle), and head.
b) Artificial inoculation -~ toothpick llthod,. sana as for stalk rot
svaluation or conidial injection, same as for natural infection.

9. ?ythim root rot. Ratings of root rot should normslly be made at
maturity, but beformsplant has died. Ratings are based on tha following
scale: ‘

0 = disease not present.

1.0 = roots free from disease.

2.0 = no root rot near crown or on major brace roots.

2.5 = at least one dead major brace root.

3.0 = more than one to one-half, but not all brasce roots dead.
3.5 = more than one-half, but not all brece rcots dead.

4,0 = all roots dead, but base of stalk still alive.

5.0 = all roots and base of stalk dead.

10, Seed weathering. A major envizonmentally and maturity related problci
atfecting both quelity and quantity of seed is weathering. Should the
opportunity present 1tu1£.‘ data on incidence of seed mold associated \dth'
weathering should be recorded on a 1 to 4 scale as noted:

O = disesse absent.

"1 = geed bright, generally free from mold damage.

2 = seed moderately resistant to weathering, or weathering is deleyed
following seed maturity.

3 = generally susceptible to weathering.

4 = very susceptible to weathering damage occuring shortly after
maturity with few periods favorable for damage.

11, Greenbugs. Data may bc o.bu‘inod‘nt any plant growth stage vhen green-
buge are present. It is suggested that estimates of gresnbug members be

. taken, if possible. Also, record plant .révth stage as outlined in MP-12,

(Stages of Plant Growth in Borghus section).
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Lo e T e

no -.valuation possible.

no red spotting on leaves.

red spotting on leaven.

portion of a leaf killed by greenbuga.
one entire leaf kiiled by greenbugs.

two entire leaves killed by greenbugs.
four entire-leaves killed by greenbugs.
six entire leaves killed by greenbugs.
eight entire leaves killed by greenbugs.
9 = dead plant.

O~NIOTC VLN =O
S ¢ 88 32t

12. Midge. Damage based on percent "blasted" sesds. Rate no soonsr than
20 days after bloom. Take care to differentiate -idn‘duuc from bird
damage 'and sterile florets. The presences of & cocoon at the tip of the
seed is proof that a seed wis damaged by midge.

0 = no evaluation possible.
1 = no damaged seed.

2 = 1-10X damaged seed.

3 = 11-20% damaged seed.

4 = 21-30% damaged seed.

3 = 31-40% damaged ceed.

6 = 41-60X damaged seed.

7 = 61-80X damaged seed.

8 = 81~9UX damaged seed

9 = 91-100X damaged seed.
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Hand Emasculation

'rhe‘ three anthers of individual spikelets can be gently removed
by use of tweszers or a blunt pencil point just prior to anther
extrusion. Selection of spikelets near the center of the panicle which
are nearly ready to flower, aud trimming away of smaller, excess florets,
permits the isolation and identification of 20-50 floraets to be emasculated.
The emasculated spikelets should ba covered vith a emall glassine or
paper bag until ths stigms protrude (two to four days later) and then
ponim.tod wvith a selected source of pollen. Polilination can be
repeated one or two days later to incresse seed set. Examination of
emsculated spikelete prior to pollination insures that all anthers
were actually removes and stigms not damaged.
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Hot Water Ex .sculation

A panicle estimated as being within one to three d.yultro- beginning
anthesis {s selected. An open-ended supported (crochet ring or hoop, at
the upper end of the tube supported from a tripod) plastic tube is placed
around ths panicle and secured at the base of the inflorescence with an
elastic band. (Tall plants cen be bent over into a bucket of water)
Hot water is then poured into the tube and left for a given length of
time. An initial temperature of 48°C left for a period of ten minutes
vith a .dtop of two or three degrees is usually thea most effective for
diverse materials. The length of time is not as critical as the t"llplt-
ature of the water at the start of the procedure. Each line should be
evaluated for the most efficient temperature. The greatest amount of
selfed sesd occurs on the lower psnicle branches and the greatest amount
of female sterility occurs on the upper panicle branches. When » more
immature panicle is selected a greater amount of salfed ssed will be
obtained. The amount of selfed seed can ba estimated by placing a emall
glassine bag over the lower most panicle branch right after emssculation.
Pollinations can be wmade three or four days after the emssculation and
repeated again ons or two days later to insure maximum seed set.

Stlphlno. J. C. and J. R. mhb’o 1933. Bulk emusculation 0‘ “&am
‘bm. ’!c An, Soc. A't°n- 25:233-23‘-
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Plastic Bag Emssculation

Panicles about to start shedding pollen at the tip are covered
vith plastic bags to prevent the anthers from dehiscing (shedd ing
pollen). It has been found that two plastic bags improve the procedure
at Purdue University. The (thin guege) double plastic bags cause
the humidity to remain higher and the authers can be shaken off the
psnicle inside the plestic bag when the stigma are viable in the central
section of the pnnlcln. The lower portions of the panicle can then be
cut ofi to prevent further development of nnthcro( the panicle nl%ov!d
to dry (protected by pipet bag) and then dusted with viable dllit;d
pollen. This -cth;d is wore rapid, but due to variable degrees of c‘itin;
that occurs, it is only useful when it is easy to distinguish crosses
from selfs in the succeeding generation. This, however, is usually easy
to do at that time with any of a number of markers, such as height, panicle

type, leaf sngle, grain color, glume color, etc.

Sherts, X. F. and L. B. Clark. 1967. Controlling dehdacence with plastic
bags for hand crosses dn sorghum. Crop Sci. 7:3540-542,
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Measuring Moisture in a Sample of Crain |
a) Weigh 5 ~ 20 g of o Tepresentative fresh sample.. Place mtgh“
ulpli in oven (1os°c)' for 5 = 12 hours (conltun; wveight). Determine
dry sample weight and calculate percent moisture. |
~anplel 55:;"4:";‘322.;:‘:’3?423 . |
6.789 -~ 5.463 = 1,326 g (wmter lost from sample)
1.326 ¢ 6.789 x 100 = 19.53% moisture in fresh sample

b) Another method 1s by use of boiling ofl.

‘Bosl o4l to remove any possible moisture.

= Place weighed fresh grain sample in cool (20-25%C) boiled o1l
(note 01 temperature). '

~ Welgh sample plus contatner.

= Heat oil containing sample to 105°C for five minutes.

- 0001«011‘ to original temperatura.

- Hcijh cooled oil and sample and ulculatc"lon 1o weight.

= Divid: loss of weight by wet sample weight and aulciply by 100
to detamine percent moisture in original sample.

Example: Weight of wet sample = 21.34 g
Weight of cool oil + container + wet sample = 256.34 g

Weight of cool o1l + container + boiled sample = 251,21 [ §
loss of weight (256.34 - 255.21) = 5,13 g
Percent moisture in wat sample (5.13 ¢ 21.34 x 100) » 24.03%.

¢) Electronic moisture maters cre cdnorchuy- available.
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Factors for Convegsion from Kmown Moisturs Percentage to a Constant
Percent Moisture.

Measured sired od Bas

Moisture .

Percentsge 152 121 10z o
8.0 1.082 1.045 1.022 .920
9.0 1.071 1.034 1.011 910

10.0 1.059 1.023 . 1,000 «900
11.0 1.047 1.011 .989 890
12,0 1.035 1.000 .978 880
13,0 1.024 «989 <967 870
14.0 1.012 977 +956 .860
15.0 1.000 +966 « 944 850
16.0. ' .988 .955 .933 .840
17.0 976 «943 «922 .830
18.0 «965 «932 911 820
19.0 +953 «920 - «900 810
20.0 941 .909 .889 800
21.0 «929 .898 .878 790
" 22,9 918 ] 886 867 780
23.0 +906 875 856 770
24.0 89 864 bk +760
25.9 . <082 852 833 «750
26.0 871 841 822 o740
27.0 859 830 811 +730
28.0 847 818 .800 «720
29.0 833 " o807 .789 710
30.0 .023 7196 . <798 700

Procedure: Determine moisture percent of harvested nqtn uilph
0r-16) multiply wet msasurement of graim by the correct cuué
sioa factor to obtain adjusted weight at a desired moisture

percentags?

Example: Harvested grain moisture = 18%
Desired. perceat of moisture = 10X
Conversion factor from table = 911,
Vet graia sample weight = 1120 g - ,
Sample weight adjusted to 10X moistuce © 1024 g
(911 = 1124 = 1023.96)
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Pgnicle Branch Usage for Identification Purposes

- The enclosing of a panicle branch in a cmeli plastic envelope 1is

a convenient way to positively identify varieties. Attachment 6! the
enclosed Srancheu to a 3" x 8" card as indicated below, permits storage
and use of the sample for uui verification of seed for planting, seed
harvested, and in fisld 1identification to avoid and identify errors
in planting and handling. Selections can also de tdentifisd as to
race !t,ci these panicle bdranches.

Ident: I8 4526
Source: 256041

=

(enclose panicle
branch)
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Eltmn:inn of Level of Tannins by Dctctnmuon of Catechin Equivalents
"rhc VANILLIN—IMRDCHLORIC ACID TEST method hu showm high correlation

:vith biological estimates of quaiity (rat growth).

_Ro_l_._antu. Vani1iin-HCl. Prepare daily. Eight percent concentrated
HCl in I..thl'lio‘l. Four percent vanillin in nyathnnol. Mix equal volumes
of thase nidtiot;;q Just bafore use. Do not use after trace of red appears.

Stludné Cm'vc. (optloul) ‘Add 40 ng utochin to 100 m1 methanol.
Use ttu full nt:oo;th to 1:9 duuttnn to conntmct a standard curve.
Pipet 1 ml of each dilption into nepnutc tuben. Use two tubes per
dilution. When approximately 20 tubas have been prepared, quickly add S
ml of vanillin-HCl reagent to each. Read on colorimster at 500 mu after '
& uniform length of time (20 minutes is satisfactory). Plot transmittance
u@lnu -catechin concentration.

Daternination: Placa 1 g of ground grain (20 mash or Slnu‘) in 123
‘ml flask. Ad 50 ml methanol, otopéct:. swirl, place at a.go;\ount{_ tem~ -
perature (bctmen 24° and 32°C) for”26 hours. Samples can set 20-.28;"&&“‘
(use same length of time for all samplec). Swirl seaple and let ssttle.
Pipet 1 ml of supernatant into sach of two t,ubq_.lvm;l "p_g'_o;uid as ylth the
standard. | o

Burns, R. B. 1971. Methods of estimation of tannin in grain mlm.
Agron. J. 631511-512.
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The MODIFIED VANILLIN-HYDROCHLORIC ACID TEST néthod follows the vanillin-
‘hydrochloric acid test ptoccdu]re except as follows:
Add 30 ml of acidified methanol (5% HKC1) to 1 g grain sample,
shake fét one hour and then lat cupd for spproximately 24 hours.
This procedure gives higher CR values for samples containing ,. pul.ul'
partial testa and a complete testa. The use of the VEC1 and MVIC1 test
vill identify grain sorghum varietiss with a testa and uhtinlf
good biological performance valus as cultivacs giving e lov Vic1 :-uu
(h.lov 1.0 CE) and a high (above 2.0 CK) MVHC] estimate of unn&u
Possess a testz and do not grestly reduce biological estimates of
protein quality when fed to wesnling rats. (D. L. Oswslt, Teats and tamdn
chuacteristics associated with mutritioml quatity in Sorghum bicolon
(L.l Moench graln. 1974 Agronomy Abstracts, p 107.)

L Y
REFERRNCE:

m. R. D, and L. W. mu’a 1’71. EM” 0‘ .M “& Linnin
analysls in sorghum grain. Cezzal Sci. Today 16:308.
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Dehulling Procedure by Use of Sodium Hydroxide.

The following procedure can be used to dehull grain sorghum:
Stir c;uuntly through all procedures.

a) Temper samples in 140°F water for five ainutes, drain.

b) Heat 1n 20X MaoH at 160°F for five minutss.

c) Drain, wash itx times wvith 140°F water.

d) Neutraliss with 5% glacial acetic acid at 140°r during a

. five minute period.

e) Wash five times with 140°F water.

£) Drain and dry at 113%2 ¢o approximately 12X moisture. ‘

At Purdue Univeraity tﬁc above procedure reduces catechin equivaleat
values (tannins) from above 4.0 percent to less than 1.C percent with
w0 significant changs in protein perceant of sample when fully mature
ssed is treated. |

Blessin, C. "o. 1971. meuw:‘ 40 ” M 2 4O ve M‘t
Qu.uty and industriatl use. lo::ath Biennial o:::: Sorghum luurch
and Utiliszatioa Confereace PROCEEDINGS. p. 70.
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T
Det " 0. _ ) ity. | |
" The veight per seed can b6 determined by t‘dvnduly selecting 100
t0 1000 seeds and dividing by the mumber waighed. The volums per seed
~ can be ui-m.u by completely emersing 100 or 1000 seeds 1n alcobol,
" vhare the volume o! the alcohol can h measured before and after th

seed 13 edded (.uduud cyudot. as diagreamed, s uc!ul vhen wrkiag
"with large sumbers of nqlu).'

Example: :

‘.., ‘g“ug“ ‘h:l;ht of 100 seeds (dry) = 2.85 g
. seale

Volume (100 seeds)
alcohol + seed = 22,53
"= alcobol 20.00

- 2.55 cc/100 seesds
Density = weight of 100 seeds -

4+ volume of 100 seeds or
!o.’ * 2.55 - 161” i
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L. - e

u;iotd Terainology.

- a)

»)

le.t_n' lar Itudinl Program:

F, = crosses with hand-emseculated phnu or with male steriles

l‘z- the selfed 'l plants

P, - thc‘ selfed segregating lz‘phntl
male steriles = plants which do not produce anthers vhich
shed pollen

@™ self pollinating a phpt

backcross = selection of an 7, plant which is crossed to ‘one
of the o.ruml'puunt-

y'gmtic male sterility (ms, to Bs, and al, etc.) = usually &
single recessive genic control of male sterility presently

- used mostly in nndon mating populations.

isolation = protoctm s rnndo- mating or hydbrid seed- ptoductun,
field lro- wild and other mreu of pollen by uu of
distance or time of planting.

Randon Mating Populationa:

All plants are, h effect, rl-'. as mle itctuo plants are

1denitif1ed and advanced to the next cycle and such piint_o

produc. rl |

_ 1 - !uuh uud plaants in popuhuou vhich result tn

'1 pro.cntu or ulnncod u-um. 1.-.. 82 s, 83'0.
Full ofh = a hul-do cross between a un.h male sterile

plant and a single ggnun 'phnt. (Same brother-eister |

Felationship as 1a a ltter of evise or {a & humas toatly).
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‘Hali-aid = randonly mated male ltéri_.lc‘}phu_tl. (Zazh plant in '
a family rov has a half-brother or hil.fﬁiuog relationship |
‘u they have a comson female from d'i.vﬂcunt male parents).
l-hndél !'(;tm; Pbpula:tion « a selection oAf B-lines randomly |
mated using the gc'ncticv sterility cyo‘tcﬁl.
R-Randoma ihtm Population = s selection of iéunu randomly
mated uaing the genetic sterility oyltm.
ll-llndou lhttn; Population = a selection of B and R li.ml
randomly -leul using the ;mu.c ltuntty systems.
¢) Crioplassic-dente Mals Sterility (asc,):
 Originally ﬁututd as male sterility caused by an interaction
of cytoplasm from milo vith genes from kafir.
A-=line = cytoplasmic -i. sterile, .
J~line = -uum: o! -nh sterile.
R-11ine = restorer line or -dc parent of a lvbcﬂl vhere an
A-line 1s used es the o;c:u, female.

,bu. W. M. '1973.. Use of population breeding in songhum-problems and
. proghess. PROCEEDINGS of Twenty-§ighth Aonual Corn and Sorghum
Ressarch Conferencs, Mp. n;g.nu (Amsrican Seed Trade Assoc.)
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Procedure for Protein ané Amino Acid Estimations.

'l‘lu consistency and accuracy of the. hbontoty anslysis depende

mmuy on tlu securing of mature upumuttn uql.u of grain.
‘l‘hc adverse i.n!lucncu of variable plant. density, bordcr influences

| (plant heights, open space, and variety interaciions) must be recogaized
nd rducul to s -m- by careful hsrvesting techniques. (See plot
design on page 3.) All u-plu should be dried to a unuon moistute
eon“'-nt, ground uniformly, and ntte: .:mm thoroughly -aod to
Temove 5:7 particle sise upcnuon which may have occurred duti.u,
grinding. Samples must be cqrcfully stored prior to analysis to preveat
contamination, undesired alterations in nintugc éontut. and insect
ﬁtuutun. Note:The Cyclone B-ph Hill cyps .rlndct (8ee ur-u) is
- capable of efficiently grinding emall ssmples to a very uniforw sise
and wvithout major oquntinnot particles varisble in hardnass or size,

. Protein Quality Betimates.

Ab amino acid analyser utilising fon-exchange resin chro-touaph.y
can be used to obtain the co-pioto amino acid analyses or only the short
column can be run to obtain the estimats of basic amino acide (including
lysine). | | ' |

‘The dye binding pl;ocodu:‘.‘ (See MP-24 (Udy)) 10 buul on the reaction
of ’ptot.om vith the -ononuuouc aso dye, Actd o:m; 12, to lén an
ingoluble coqiu. The ut@to of protein is dased on colorimstric
- l,nmﬁntl‘of unbound dye Qtou.’h ite relationship to total nitrogea.



52~
HANAGEMENT - PROCEDURE-23 (continued)

Non-protein nitrogen is not bound. Becauss the ‘dyc-bipdtng properties of

a protein are jargely determined by its contont of basic amino acids,

" the aaount of dye bound per unit weight of 'ptoﬁom provides a messure

of the three basic uinp ucidu. Thus, if :tginiu and histidine content

of samples are assumed to remsin cbnuunt the varistion in amount of

}lnm 1in & unit of protein can be estimated by use ;! the dye binding

procedure when the dye binding value 1ie used in conjunction with an

estimate of protein.
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MAMAGENENT PROCEDIRE: 24

Equipment anc_Supplies Liat.

A fevw suggestions of tha type of equipment and supplies which may

he ni.glcd are listed below. The estimated cost and possible source for

selected items are given to facilitate planning of a nursery. Note:

Many of these items should be available from other supplies, this is

in no way a preferred or exclusive l\ist.

Item
Thresher (small plant
‘and head) o

Thresher (heavy dﬁty plot)

Seed Cleaner
(Laboratory-type air blast
Model ABSC~1)

Cone Seeder (sampls plot)

Automatic Scarecrow
(for bird control)

Sample Grinder
(Cyclons Sample Mill Model M8)

Dye and dye-binding supplies
and equipment
Grain Quality Amalyser

Scientific Instruments

Sourca

Allen Machins Co.
224 Duff
Amss, Iowm 50010

Seedburo Equipment Co.
616-626 W. Jackson Blwd.

_ Chicago, Illinois 60606

Allen Machine Co.
224 Duff
Ansa, Iowa 50010

Swanson lhch!.n. Co.
20-26 E. Columbia Ave.

Charpaign, Illinois
B.M. Lawrence Co. (Zon Guns)

.24 California St.

Approx.
U8 § cost

300
1000
300
300

130

San FPrancisco, California 94111

Udy Analyzer Co.
P.0. Box 148
Boulder, Colorado 80302

(same as above)
NEOTEC

2431 Linden Lane .
Silver Spring, Maryland 20910

" Technicon Industrial Systeme

Tltt,tm. n.x. 10’,1

323
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L Approx.
Item Source US § Cost
Pollinating Bege Lawson Labels, Inc. (plain) n.sonom
400 4-3/4 x 4=1/4 x 520 M. E. Monroe St. (striped) 15.00/M
2-1/2 » 15—1/2 . . Peoria, Illinois 61601
r;cu cou luulc Consumer Busimees Bupply, Imc.

" x 6" with uui tab) P.0. Box 19261 15
(2" x 4 Indianapolis, Indiana o/
(%" x 6") | : oM
Plastic Eavelopes Albert Mojonnier, Imc.
(3" x 7" with metal tad) 9151 Pullerton \ 2/
othar sises available Franklin Park, Illinois

Other items to constder from local sources or perhaps from otbr
companies, such as nuco of Yort Atuuon. Wisconsin 53538 and A.ll.
Leonard and Co. of Piqua, Ohdo 45356 are listed below: -

bird coutrol chemicale fertilizsers

fumigants | grain driers

harbicides v hoess

knives | labels _

oumbering machines measures for mhtm equal amounts of seed
lastic begs plot stakes and labels

rubbar stamps | nénlu

ssed scresns (recommended sizes are:

ssad storage wetal boxes

!muﬂc and ﬁuf:ticﬁo for seed treatment

sprayers (kand or m) ou_phu and staple removers
steal tepe . tripod to hold scales
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m
List of Ceneral References:
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University, College Station, Texas. Bulletin No. B~108S.

How a Sorghum Plant Develops. R. L. Vanderlip, Agronomy Department,
Kausss Agricultural Experiment Station, Manhattan, Kinsas 66502.
Contribution MNo. 1203." 4

Soxghum Downy Mildew...A Disease of Maize and Sorghum. Texas Agricultural
Biperiment Station, Texas A & M University, College Station, Texas.
Research Monograph 2 - December 1973. '

m‘m ﬂl m Slvm. N. G..P. m and L. R, House. 1972, Olfprd
and IBH Publishing Co. MNew Delhi, India.
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Consolidated PR2938-2949, April 1971.

 Compilatin of Gene Symbols, Recommended Revisdon and Sumary of Linkages

for Inhé/{tted Characters of Sorghum vulgare (Pers.). K. F. Scherts
and J. C. Stephens. 1966. B8oil and Crop Science Department, Texas
A & M Univareity, College Station, Texas. Technical Mooograph 3.

Annal Reseanch Reports. 1966 £o present. Purdue-AlD Sorghum Project,
Departament of Agronomy, Life Science Building, Purdue University,
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Research Cest.rs i

‘lﬂllﬂ (Iummttoul Crops Research Institute for ht—A:M Tropics)
‘ Ralph Cusmings, Director, 1-11-256 Begumpet, Hyderabad-300016, A.P.

India.
ALAD (The Arid Land ruultuul Development Progresm) Mnetor.
The Yord !ound. r.o. lox 2379, Beirut, Lebanon.

cneiYr {mtuutbnl Maiszse and Wheat Improvement Center) laldore Illuou.
Director General, Apartado Postal 6641, Londres 40, Mexico 6, D.¥.

IRRI (Ioternational Rice Resesrch Institute) P.0. Box 933, Maoils,
- Phillippines. ‘

$ITA (Internatiomal Imstitute of ‘l‘topiul uricultnro) P.M.B. 5320,
lbuhn. Nigeria ,

CIAT (International Ceater of 'rtopiul Agriculture) Apsrtado Aereo 61-13.
Cali, Colombia

The Phyeiology of Yield and Hnnumnt of Sorglum in Relation to Genstic
Improvement. Jerry Esstin, Project Director, Department of w.
University of lobtuh. Lincoln, Nebraska - 68503..

Control of Weeds in 1C's. mtomuoul Plant Protection Center. Ordcu
State University, Corvallis, Oregon 97331.



