
AGENCY FOR INTERNATIONAL DEVELOPME=T FOR AID USE ONLY 
WASHINGTON, 0. C, 20523 

BIBLIOGRAPHIC INPUT SHEET 1,44C/ 7b" 
A. PRIIAA I'f 

1.SURJECT IFood production and nutrition AFOO-0170-0000
 
,L ASSI. -


FICATION 15. Sk'dI0flARY
 
FPlant production-Cereals--Sorghum 

2. TITLE AND SUBTITLE 

Grain sorghum nursery management handbook with selected procedures for estimating
 
grain quality and quantity
 

3. AUTHOR(SI 

Oswalt, D. L.
 

4. DOCUMENT DATE 5. NUMBER OF PAGES 1 6. ARC NUMBEP 

1974 1ARC 
7. REFERENCE ORGANIZATION NAME AND ADDRESS 

Purdue
 

8. SUPPLEMENTARY NOTES (SponsotnA Organization,Publiahers, Availability) 

9. ABSTRACT 

10. CONTROL NUMBER 11. PRICE OF DOCUMENT 

Pff-A4O 76b ______ 

2. DESCRIPTORS 

Environmental 
Handbook 
Management 
Sorghum 

" 

tests Yield 
PN 

13. PROJECT NUMBER 

LOj1 C SBER 

15. TYPE OF DOCUMENT 

AID 590-1 (4-74) 



BEEN EVALUATED AS SUBSTANDARD COPY FOR
THIS DOCUMENT HAS 

ROUTINE REPRODUCTION. EFFORTS IN AID/W TO OBTAIN A MORE 

HAVE NOT BEEN SUCCESSFUL.
ACCEPTABLE COPY OF THE DOCUMENT 

WE HAVE CHOSEN TO REPRODUCE THE 
DESPITE THIS DISADVANTAGE, 

DOCUMENT BECAUSE OF THE SUBJECT TREATED AND TO MAKE THE 

AVAILABLE.DISCERNIBLE INFORMATION 



GRAIN SORGHUM NURSERY MANAGEMENT HANDBOOK WITH SELECTED PROCEDURES
 

FOR ESTIMATING GRAIN QUALITY AND QUANTITY
 

D.L. Oswalt
 



tAIL or COW=$r 

ZfDMMCT ION1 

SITS SELMICTIOv 2 

PMO DESIGN 3 
VARATioN i101 pLAMIG 5 

PUANTING 6 

VEND COUUjOL7 

fEsT CommL 

DISEASE AM NDnCT CONTRL 9 

NOTE-TAKING 9 

FOLLIVATIN 10 

HAUVSTING AND Day=N 11 

THRESMING 12 

STOPAC 1' 

ESTIATES OF qUALITT 13 

UTILIZATION OF FINDG8 14 
NAUhOWMr POCEDURES 16 - 56 



TABLE OF CON1TENTS (continued)
 

Manaement 
Procedure
 

I 

2 

3 

Uniform Variety Trial 
Sampling for Soil Ttin s 

Determwition of sttillser "ds 

16 

17 

18 
4 Potential Diseases, Insects, Parasites, Poests, and Weeds 19 
5 DeteraLation of Seedlzg Rates for a Given 

6 

7 

8 

Desired Plant Population 
Maintenance of Cytopl&amic Lines 
Use of Genetlc eleSterility for Random MetingPopulation Development 
Suggested Mapping and Identification Sya tem 

20 

22 

23 

25 
9 

10 

Arramgment of Packats for Planting 
Water Requirements and Irrigation Procedures. 

26 

27 
11 
12 

ThlnnLng 
Field Note-Taking Codes 

29 
30 

13 Hand hteeulatlon 
39 

14 

15 
Not Wter kasculation 

Plastic 8 n--sculation 
40 

41 
16 Measuring Moisture in a Sample of Ggaln 42 
17 

18 

Factors for conversion from Known Moisture Percentage 
to a Constant Percent Moisture 

Panicle Branch Usae for Identification Purposes 
43 
44 

19 Estimation of Level of Tannins by Determination 

20 

21 

of CatechLn Equivalents 
Delulling Procedure by Use of 
Detemination of Seed Density 

Sodium Hydroxide 
45 
47 

48 
22 

23 

24 

Sugested.Terinology 

Procedure for Protein and Amino Acid, Esatl 
Equipment and Sappli es List 

ons 

49 

.51 

53 
25 List Of Gneral Rafermecs 55 



GRAIN SORGHUM NURSERY KANCDGOINT HANDSOOK
 

WYM .=L PRUOC EDURES FOR ESTJIKTING GRAIN QUALITY AND QUANTITY
 

D. L. Omalt 

NMTROUCTION 

The consideration of the significant factors that limit production 

of high yieide and high quality metriral Is e ential In the establish­

ment of a breoding nursery. This outline Is an atteqpt to provide a 

guide for planning i.iok at a sorghum Improvement nursery or test site. 

Factors that can limit yield and reduce quality have been listed with 

preventative or control measures, and selected procedures to estimate 

quality re detailed later in the booklet as MANAGEMNT PROCEPUES (W). 

Lists of selected terminology (HP-22). equipment uggest ions (1(-24). end 

general references 011-25) are also Included. 

1 Support provided by the United States Agency for International 

Development through Oontrrct cad-1175 entitled " Inheritance and 

Improvement of Protein Quality and Oontent in Sorghum bicolor (L.) 

Moench " Eurdue University, W. Lafayette, Indiana 47907. 

2Research Agronomist, Department of Agronomy, Purdue University, 

West.Laffyette, Indiana 477.
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SITE SELECTION 

I. Whe possible select a uniL.r. soil type, dra.nage pattern and 

slope with a known uniform cropping and ferLilizaton history. If the
 

cropping or fertilization history or the internal drainage 
characteristics
 

of the soil are unknown, plant a one-year uniformity trial (NP-I) using 

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 data from small plots.
 

2. Locate in an area with adequate air and water drainage which is 

not subject to surface erosion or flooding. 

3. Consider the direction of the slope, wind and light as vell as 

protection from high wind velocity and frequent storm areas.
 

4. Study rainfall patterns and water management to maximize the
 
water holding capacity of the soil and 
 insure that Irrigation water is 

available if drought condition. exist during critical times of the growing 

season. Consider planting on ridges or in furrovs to allow for aeration or 

accumulation of water, control the run-off damge*, and water losses from 

rainfall e= from Irrigation sources. 

5. Fertilize according to soil type, previous cropping pattern and 
fertility treatments in referezce to soil tests (30-2). Consult your 

soil specialists on the amount of line that your soil requires to Insure 

availability of adequate levels of all plant nutrients (pH 5.8 - 6.8). It 

ts noted that for an 8,000 kg/ha grain yield the sorghun plant requires 

approximately 195 kilos of nitrogen, 37 kilos of phosphorus (85 kilos 

P2 05 ), and 240 kilos (273 kilos 120) of potasoiun per hectare for 
normal growth (N1-3). Other fertility problems my be associated with a 
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deficiency in iron, boron, zinc,9 canganese or magnesium and also toxicity 

due to aluminum or accumulated salts. 

6. Beware of potential disease, insect, weed, pest, and wed pollen 

contamination problems by studying the past cropping history related to 

weed 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 (HP4). 

7. Locate site on all-weather roads to ficiitate supervision by 

workers and observation by visitors. 

8. Arrange for a flexible supply of labor as work loads change 

seasonally to provide for timely planting, thinning, weeding, irription, 

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

PLOT DESIGN 

1. Place row direction acrods slope and direction of wind to control 

erosion (wind and water), to mks maximm use of light (perpendicular to 

path of sun when the site is away from the equator) and allow for surface 

drinage and irripton, if It is needed or to be used. 

2. Establish I a required number of rove per plot (minimum of three 

rows harvesting the center row only) for chemical and yield data, four to 

six rove are preferred (harvesting center tvo rows) with a minimm of six 

rows when helht differences of more than 50 centimeters exist. Insure 

at least one border row on each side of an emperimsnt and a border of 

75-100 centimeters on the end of each row to avoid path, height differences, 

and variety interactions with harvested area. If heights of specific entries 

or genotypes are know., entries should be prouped into uniform eight 
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blocks (mximm range of heights in one block of less than 50 cm) for
 
planting and ,valuation purposes. Vriety, height, 
 ant; alley-ay inter­

actions of up to 50 percent differences on height and yield have been 

noted, if plants were not bordered by at least tow ofone tht same height 

mterial. 

3. When testing for yield and similar quantitative characters
 

randomize entries in blocks according to height and replicate each a
 

aLnJmm of three 
 tims (four to six preferred when soil and enviromental 

conditions are not uniform). Rove of four-meter length are desirable,
 

as only the center tm mters of row would be
a left if one ester border
 

is left on 
 the end of each row. If a closed canopy is desired for most
 
lines, rowe should be 60-75 
ca In width depending on fertility level, type 

of planting equipment, moisture availability, and varieties in trials.
 

Adjust plant spacings or seed rate to moisture and soil fertility levels
 

(40 to 
300 thoucand plants per hectare). 

4. Determine the amount of seed required (HP-5) and the amounts 

available for each variety desired for all experiments. Adjust amounts 

according to known germination and plant populations. It is advisable to 
overplant yield trials 25-302 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 storage equipment required and available. 

6. Arrange to place lines to be crossed near each other or near 

genetic male sterile sources. Hale lines can be placed end to end or 

adjacent to female lines to facilitate pollination and harvesting pro­

cedure.. Consider adjacent tove of A and 2 lines for malntenance of 
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cytoplasmic male sterile phenotypes. This will facilitate getting pollen 

of many fertile plants to their sterile counterpart and to do the back­

crossing (MP-6), 

7. A procedure to establish male sterile random-mating populations 

by the use of the male sterile or other genetically controlled sterility
 

mechanism is outlined in HP-7. 

6. Establish Isolation requirements considering direction of wind, 

(open-pollinated adjacent row* can be expected to show about 3-50Z out­

crossing), saturation vith desirable pollen, staggering of planting to 

stagger flowering dates, and weed pollen sources (Johnsongrass and. other 

grassy-type sorghum pollen can travel many kilometers). 

PREPARATION FOR PLANTING 

1. Detailed maps with known varieties planted on a regular and 

definite scheme should be made. It is Important that a system be~vevsloped 
that vill all,-w for each row to be s scifically numbered and for the -on­

ti uation of the system from location to location and year to year (P-8). 

The syntem must be clearly recognized and understood by the workers In a 

given project. 

2. PlantUnS 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 sake a definite 

arrang mut of the packets. Fasten the packets together according to map 

plans OW-9). 

4. Treat the seed witha fungicide and insecticide to prevent damage 

to young seedlins. Possible fungicides to use are Captan or ThIram type 
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used as a slurry or as a dry powdnr coatin3 of need. Posuibl.e insecticides 

are Lindane, Aldrin, Dieldrin, and Heptachlor, if sale, i'pnrmitted. Follow 

tunufacturer's instructions for safe use. 

5. Fertilize according to soil test results. to a level that will 

insure normal plant growth (MP-3). Lime to 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 cannotbe dons at a low level of fertility. It is 

further noted 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/ 
my be considered as Ire efficient methods of fertilizer application for 

maximm availability' for plant usage. 

1. Select simple equipment capable of spacing rows up to 75 ca apart 

and uniformly planting seed to a depth of two to four centimeters, Firmly 

compact 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 six centimetors, 

2. Overplant seed (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 (HP-5). 

3, Maximm seed yields per plant can be obtained by space-planting 

individual seeds (25-30 cm between plants) to permit miima tiller 



production.
 

4. Plat for rupLd rate of 1,ri JinrLcaci 1411U1 Ahc I )il temperature
 

(at 10 cm depth) 
 ic . e 20cC. 11ost v. iatiesu .irmnate very slowly at
 

temperatures lower than 20)C.
 

5. Timeliness of planting is essential to maximize rainfall, obtain
 

optimum germination temperature, desired length of soason, provide some 

insect control, limit undesirable pollen and limit bird damage. 
It my
 

be necessary to irrigate at planting, if the seedbed is 
 dry and the rain­
fall patterns are not conducive to good ermination within four to five
 

days. This would Insure uniforLty of stand and 
 minimal germination losses. 

(O-l0). 

VIED CONTROL 

1. Weeds must be controlled very early to insure uniform and compar­

able data. 
Weeds should never be alloyed to roach heights of 10 ca. Pro­

pazine at two to 
three kilos par hactarn or five to eight kilos of Atrauiue/
 

Ramrod are cheicalo applind pro-emerge that control most weeds 
n many 

soil conditions (KP-4). For broad leaf plants, 2,4-d (two to four kg/ha) 

and Atrazine (four to maven kC/ha for gramses) can be used as 6 post-smer-

Sent spray. 294-d should be directed away from sorghum plants to avoid re­

duced root growth and lodging. Atrazine should be applied when weeds are 

5-10 cm tall. In all cases follow the manufacturer's instructions regarding
 

rate and time of application for the soil type and rainfall pattern of your
 

site (Note: Sorghum is damaged by sone chemicals recommended for sasa). 

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

competition due to height differences and contamination of plots and soil.
 



Be extra. careful to rogue out all shattercans types prior to their 

maturity to t-uce seed drop and soil. contamination wiLh their seed. 

PEST CONTROL 

1 . Birds of various species can cause serious damage to mall plots 

and particularly mall 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 vith netting (must be high enough that tall plants 

are all covered). 

c) Use labor to match plots. 

d) Arrange planting tines to coincide with avalz-blity of alternate 

and preferred sources of bird food. 

a) 	Use mechanical noise devices QE-24). 

f) 	 Use chmical sprays to ward off birds (Arasan H in water-soluble 

paint (equal volumes of liquids) or other special bird repellants. 

Note: Manufacturer's recomendations must be followed regarding 

control and use of any seed produced which contains chemicals. 

2. 	 Fencing is a requirement in most areas to prevent damage from 

domestic and/or wild animals. Small plots can be potentially destroyed 

in minutes it not fully protected. 

1. Thin before plants reach a height of 10 cm if tillering is to be 

permitted ad evaluated. DistUrb the plants that are being left as little 

as possible as 7ou remve the cess plahts. It is important that 
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germination be uniform so that the entire plant population is up by the 

time Zhat the thinning is undertaken, otherwise the plots may need to be 
thinned a second time. Select the number of plants required per meter of 
row for the row width in your plot at the desired plant population OI-11). 

When thinning, space the required number of plants within a meter of row 
as evenly as possible, even somaif may be slightly closer farther apartor 


than recommended.
 

DISEASE AND INSECT CONTOL 

1. Study the potential sources (!P-4 and 12) of insect and disease
 
damage (11P-25 sugiests 
more detailed sources of information) and identify 

potentially available control measures. Study the symptoms of the disease 

and insect damage so that they will wt be confused with phyiological 

discoloration of sorghum plants. 

2. Control grasshopper damag pollinating bags by treatingto bas 
prior to fielO use with an available 'Insecticide (e.g., Dialdrin). 

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

to bagged pani.le grain prior to field harvest (e.g., Dieldrin or Lannate). 

NOTE-TAKIG 

I. Use a consistent number scoring system to facilitate averaging 
replications and/or computer calculations. It is Important to observe 

frequently enough to utilize mxinmu differences or developeat (most 

timely period) to identify limiting or nst desirable factors. See the 

suggested scale for ratings as listed in NP-12.
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POLLINATING
 

I. 
For test crosses uniform.aly bag cytoplasmic male sterile plants
 

with dated bag@ when panicle is 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 cytoplamic materials. Face date 
on bags or identification all one direction (towrd sun until cross Is 

made, then away from sun to avoid fading).
 

3. Collect pollen by bagging the male plants in late afternoon with 
marked bas (striped or coloted), the next morning collect pollen from 

under the bagged panicles and transfer It to the receptive female plants.
 

Always use dry bags for collecting or transporting pollen. 
Pollen can be
 

carefully collected from open dry panicles in the early morning with
 

minimum contamination, if you work the nursery toward the prevailing wind.
 

Pollen reains viable under most conditions for 15-30 minutes. You should 

test yuar protedure, if longer time is required f'.r pollen transportation.
 

4. If sufficient plants are available entire pani',;is may be cut 
insuring a larger supply of viable pollen over a longer period of 
time.
 

Cut panicles can be placed in vials of wter on receptive famale %elections
 

under pollinating bags at time of first pollination and be shaken the next
 
morning to release pollen and thus increase the volurt of pollen available.
 

This increases 
the time available for pollinating and reduces the chances
 

of contamination freu windblown pollen and this prevents loss of pollen
 

due to brisk win 
 after pollen starts shedding. It also allows for double 

application of pollen to one female from the mane male (increases seed set).
 

5. Identify male sterile plants (plants which do not shad pollen) in 
population isolation plantings by tagging them in order to harvest only
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male sterile plants grown in assocLntion vih selected male entries, 

thus assurLntk cross pollination in ialat1on plantings. 

6. Plants can be etiucu1~ted to r,.nuvc or itvc(tlvata the anthers 

or pollen (W?-13). Large numbers of flor'oto rxxy)e tale sterilized by 

hot water emisculation wtheLe a plastic bag Ls ti,'i by us, of a rubber 

band around an individual panf.ct.e atd hot water added rendering the pollen 

ivviable (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 

stigmas to develop which can be pollinated by bringing pollen from a sale 

plant at a later date. 

7. Breeding terminology as presently suggested In listed in- MP-22. 

HARVESTING AN' MIYING 

1. Timely harvest is important to reduce bird dumsge, insect damage, 

lodging, and veatherinJg damage. Grain normally reaches physiological 

maturity at about 30 percent moisture. At this stagc.in the field, many 

varieties show a black layer at the tip of the grain. Harvest can usually 

start when tLa grain contains 25-30 percent moisture providing mechanical 

damage to grain is avoided. All grain harvested at 20-25 percent moisture 

will require drying to below 12 parcent sisture to permit safe storage. 

If artificial eat is used the tedparature should not exceed 459C to prevent 

lose of germination or 60PC to prevent quality deterioration, when good 

germination of seed is wot required. 

2. Determination of moisture percent at tins of hrvast 00I-16)
 

Is 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 wiisturo perce tage (KP-17). 

3. Careful handling procedures and instructions to harvest laborers 

will help prevant contauiiiaticn and errors by mis-identification. Avoid 

hand copying of identification by use of transforable tags and machine 

ntvmbodrx. . ,-te tu 'r o&- throshed aced containers (envelopes* bages 

etc.) to be uoed to Identify pantiles or harvested plant parts until dry# 

threshed, and used for storage avoids copying errors and faclitate. Tepid 

and orderly harvesting.
 

1. Mbst vArieties thresh with least damage to grain and lose at 12-15 

percent moisture. Collecting mall pasicle brache, at time of threshing 

and using these to verify and Identify eed harvested efficiently pmides 

an accurate checking metlhod O[P-19). 

2. Use of small head threshers reduces time of threshing em large 

numbers of single heads are threshed Independently. It is essential that 

a thresher be rapidly elf-cleaning and easily chocked for completeness of 

clesning out to r;,ke sure the next lot of "ad is not co.taminated by the 

previously threshed saple. 

3. Use of @elves to rmove trash and foreign material is asstial 

for good storage of seed and can best be dons soon after or at the time of 

threshing. 

1. All'ample. should be dried to below 12 percent moisture before 
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storing. 
 Plastic containers (alr-tight envelopes, bottles, or boxes)
 
allow for direct visual observation of stored smple, 
 and due to air­

tightness assure longer germination than paper envelope storage.
 
2. ?1usnenance of field identfficatlon by year, experiment number,
 

and roy location factluiates future selection and u&age of seed. 
 Store in
 
a dry, cool facility (30 percent relative humidity at 	700F or some combi­
mation of these two factors 
uing 100), to insure maintensnce of high
 
sed. germination and increase freedom 
 from Insect damage.
 

3 Protection of gSruplam from rodents and 
other pests Is esential 
and eery precaution (wrLre netting, metal containers, concrete str4cturest 

door guards, etc.) mst be utilised. Soe gerplam, If lost to west.
 

can 	never be replaced. 

UT TU 0F IAK
 

1. 	 Numrous characterlstice of the 	grain are used to predict grain 
quality relative to a ample'* anticipated biological perfoamance.
 

a) 	The misture content at harvest is an indicator of mturity.
 

Most varieties reach saturity at 28-30 percent moisture (3-16).
 

b) 	 Seed weight and seed density (3I-21) reflect raturity and relatlin­
ship@ of se4 surface area relative to quavtity of endosperm and 

embryo and thus, Srain quality.
 

c) The degree of weathering and Incidence of pericarp 
 nfestations 

by molds, etc., reduce Stain qulity as the dtgrae of attack 

Increases. 

d)- Residual sprays and seed treatments must be considered as potentially 

hemful td grain quality end the 	amount of contaninata dmseim4!tA 



before the grain i ued for feed or food.
 

a) Eatinmtee of percent protein, amino acid concentrations, percent 

oil, and various individual elements have been available or are 

being developed 09-12). Identification of protein content and 

amibo acid balnce allows for a more accurate estimate of chemical 

quality prediction when tannins are considered HIP-19). 

f) Tamn estimates The presence of tannins lowers the biological 

value of grain sorgum. Catechn equivalent (CI) estimations 

of tannins (HP-19) will perat the dentification of grain sorshum 

selections which have low tannin values that will give the anti­

cipated biological performance based on protein and aino acid 

estimates. Samples containing tannins (high CE values) wil 

result in lower than expected biological performances from protein 

and amino acid analyses. Perlcarp and tests which contain the 

tannin can be partially renoved, thus reducing the tannins to a 
low Level by use of the aOh dehulling procedure (1P-20). This 

process slightly reduces the fiber content of a sample and slightly
 

increases the protein concentration and for high tannin 
mples 

greatly increases the growth rates in biological tests.
 

UTILIZATIDN -oFPIMIMs 

Research findings have little value unless they are dissminated to 
those who can profit from them. This involves nore than cataloging and 

publishing results and in mst cases the persons who identify a valuable 

characteristic or trait can best balp explain Its value, limitations,
 

end possble acceptability. Practical application of new breeding stocks, 



MIAnemnt procedur~u, production potentials and extension procedures 
should be devejoped as ' pert of research procedures to facilitate the 
us. of research remilto by*producers end consmers. 



W-~GENT PROCPURE- 1 

Uniorm Variety Trial 

This trial Is to Identify ua~fom plots for arrajngement of yields 

disease and quality trials. This s considered a preliminary trial to 

determine variability in oil and other factors to "a if the field is
 

suitable for growing oxperimstal materials. One variety would be planted 

and treated the se over tim entire area, (statistecally there would be 

no treatments per N). Crop growth and yield data would be used to mp 

the aria relative to -differeo e In sU type, ater draglemt water­

holding capacity, fertility levels, and other variations due to previous 

cropping systems and managemnt practces. 

The area studied should be marked in uniforim regular plote to record 

data relative to germinatlon, flowerlng, height, yield, quality, and 

other observable factors of Interest. The maller the plot sise the more 
detailed the Information obtalnabie and the mooa accurate the possibL1ity 

of mpping differences." At the ame time, the time and labor requiremnts 

are Increased as size of plots Is decreased, but plot alse should not be 

larger than anticipated experimental plot area to be utilied In subsequnt 

trials. Division of the area Into one, two, or three-row plots, two to 

four mters long, would allow a reasonable npping of differences# If 

subsequent plot size would be of similar size. This would allow subsequent 

trial* to be arranged to mabe mIm use of unIform and known diverse areas. 

It is mugested thet experimetal plots should be marrow and relatively 

log &nd placed across sil and fertilty gradiests, AUio ech blok 

should be as nutly uniom as poslble fot all factors. 
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MANAGEMENT FROCE W E-f 

SeMlin for Soil Testing 

It is very important to adequately and correctly ample the soil. of a 

given area as the data obtained from a omple cannot be better then the 

cruple taken. 

Suggeted procedure: 

1. Obtain: smspling tube, auger or spede, and clean container. 

2. Draw a sketch of the field.
 

3.. Identify cropplng, fertilizer, and other past treatment information.
 

4. Divide the field into uniform areas having the sam soil eolor, 

soil texture, and Gam cropping, fertilizer and 1n1mg treament. 

5. Sample at 10 or more place* Lq each area separately (do not mix 

light and dark colored oils together). Sample by collecting equal amaunts 

to plow or cultivation depth. 

6. Place sample from auger or spade (thin alice to maimum depth of 

smwe) in a clean container and aix thoroughly. 

7. Allow nixed sample to ai dry on clean paper in a clean area. 

B. Send from each difetent area about one-& lf liter to a soil testing 

laboratory. Discard the remainder. Label and mmber the umple container 

according to the map. 



AIAMGEMENT PROCEVURE-31 

Determination of Fertilizer Needs 

Estimated nutrients required to produce various yields of grain must 

be furnished by the sol plus applied forms of fertilizer to obtain the 

selected yield. 

Grain yield Nut=Let Roument ) ­
k lba KKQCa Z n Cu 

(43.72F) (SS.7ZK)
 
4000 go 42 136 11 11 .13 .13 G04

6000 146 64 205 17 17 .19 
 .26 .066
8600 195 65 273 22 22 .26 .34 .06

10000 2" 106 341 28 26 .32 .43 .110 
It will be noted that nutrients are taken up and dry matter ac'Cmu­

leted at the following stimated rates (See MP-12 for sore detail of 

growth stages.) 

Growth staxe: 1edi A&oIA Groutber Bo Gai f~rm Maturity Total 
Amrox. days: _220 24-40 41-60 161465 8- -

Nutrient: N 5 33 32 15 15 100 
P205 3 23 34 26 15 100 
K20 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 made 

at 35-40 days of development particularly for Ught sandy soils and 

tropical sites. 

RIFENCES: 

Vanderlip, R. L. 1972. M £ 4aAhm ptwa deudop&. cooperative
EtensLon Service, Kansas State University, Manhattan, Kansas. 
C-447g No. 1203. 

Vlle J.S. and V. K. Rtoss. 1970. SoqImm p'wdttctU a&W n~~izto
The AII Publishing Co. Inc., estport, Conmoctlcut. 

st~ta Ckop& Pon P&At Fee. 1eiruary , 1973 edition. North American
 
Potash Institute, 1649 Tuolle Circle, U.K. Atlanta, Georgia.
 



M4IJAGEMEMt OROC URE-4 
Potential DieaLss, Insecti, ParaSiteOs, Pests, and Weed-

The magnitude of potential m'ladies makes it inadvisable to describe
 

all the known organils that attack or reduce sorghum Orformnces. You 

are referred to MP-25 for sources of more information. An outline of 

types of adverse organlms is Included here: 

Diseas (Sea HP-12) Insects (See 3W-I2).
 

Downy Mildew 
 Soil

Virus - MAINe Dwrf lbealc (NIg) Seedling

Sugar Cane Mosaic 
 Foliage

Ergot 
 Panicle
 
Smuts 
Bacteria Leaf dimsses Pests
 
Foltage diseases (fungi)

Rusts 
 Birds .(See 11-24, 25)
ghall Seed Stray farm animals
 
Stalk Rats Vhtd antmale
111o disease Rodents
 

Parasitic Plants
 

Striaga op. (Vitchled) 

Clen culture is essential for manimum production as any other 

plant will copete with sorgbtm for water, light, and nutrients, and 

often weed plants survive due to their ability to extract nutrients
 

more efficiently then the desired crop plant. Sorghum -*s mst damaged 

by weeds in its early stages of ,growth. Recommeaded chiicals are 

Propaxine and Atrasine, as well as an Atrasine/Ramrod combintion. 

Timely cultivation is esential and under most coaditions ecomlal 

incomination with cbScal treatment.
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MA,4AGEET PROCEP(JRE-5 

a Given Desired Plant PopulationDetermiation of Seeding Rates for 

Seeding rates are dependent on viability of seed, space between rove 

relativs to availability ofend nunber of plants required per beatAre 

level of production. If sed is 
rater, fertility of soil, and desired 

planted by weight-then size of seed must asO be considered. In very dry 

arsg plaating rates would vary from 35.000 to 125,000 plants per bectare. 

While well fertiied and irrigated plots would require 245,000 to 300*000 

plants per ectare to produce mximm yields. Under mst conditions a 

planted can be expected. but a
field emsrgence rate of 75Z of the seed 

lover figure my be valid from experience or from seed germination
higher or 

test..
 

seeds of each variety should be
To test for germiation, 100 or mrs 

placed in a soil with temperature and soisture conditions similar to field 

conditions at planting time (moisture at field capacity and temperature 

can be counted to determine percent germ­
above 20OC). ?Ianto which merge 

seeds of each lot can be placed on paper or
ination. One hundred or more 

cloth so that "eds do not touch each other, carefully 
rolled, oistened.
 

at a temper­
and placed on end in a jar containing a mill aunt of water 

Ature of 20-40°C. Germinating seed can be counted after five days and
 

to determine percent germination.
tasteddivided by the number of seeds 

increased (125Z overplant) in
It is recomended that seding rates be 

SUrry plots where yield eastimtes are to be obtained so that the stand 

COO be thinned to te desired uniform p4nt population before the seedling 

exceede 10 c in heght. 
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AAWME~ FOCEURE-5 !ecntiuel1 

No. of plants No. of a'e.h (jZ emergenca) 
per hectare _pr4

.50 a .60 a .71 ItXs 

40,000 14 17 ;,0 27 
100,000 1 40 5U 68 
1259000 22 64
50 84
 
250,000 •42 125100 166 
300,000 50 120 150 200 

go. of plants Distanco (cm) hetween plants 
b In the roywidth of:hectare 

-.50a .60. .75 
40,000 50 40 33 25 

1c,)O000 20 1316 10
 
125,000 16 13 10 
2509000 a 6 5 4
 
300,000 6 45 3 

to insure .tbe correct planting rite by weight, If I Sght Is inarmlly 

used for packetfag or planting, the weisht per sed diould be estimeted 

by counting and welihing 100 or 1000 s"ads bioh are to be planted from 

which the weight of the seed to be planted fer a desired plant population 

can be calculated.
 

* 125S overplant included. 
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MANIAGEM. 'T PROCEWURF-6 

IJaintenance of CytopIMI ,n-Ir. 

If cytoplasmic 1v,e " rIeJ, - au 'the.iw-nantaiwe U.ne are to be 

increased the sLarilh, --l.-.re c.,a pL.fltaI L t ici t 5-line (main­-jt-.. 


tainer) an~d whan self eC A. ~.~hav-. vIt utigmas the pollen from 

the adj&cent B-line car, i):. duuk.t? Upon th by bringing tk: panicles to­

getbar across the tow. The following is an illustration of the steps 

for alntmmce and establishment of a cytoplamic line and its mintair 

lines
 

a) Naintmunce of Cytoplamic Male-Sterile A-line. 

Sterile Fertile sltf to maintain 
A-lineA-line 

Mle Sterle 

b) Entabliheaut of a Cytoplasmic A-line. 

sterile fertL.a 

502 recurrent 5-ine
 

75Z recurrent 5-line
 

83.75Z recurrent 5-ite
 

67.5 recurrent 5-linei 

97.6752 recurrent a-line maintainer 
(fertile) 

am A-line 
(sterile) 
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A*GEMCANT PRMEVURE- 7
 

Ls of Genetic Male Stertft.Xt 
 for Randva Hating Pqpulat.ion De~,eloorsent 
Random moting population# provide a prrcedure to randomly combine
 

diverse sources of genes vhich can be identified in desirable combination. 

as individual plants are selected. The folloving is an illustration of 

an anticipated number of sterile plants in each randor matting cycle. It 

to suggested than an Isolation area of at least 1/10 hectare be allomd 

vith 300 meters or greater distance from other sorghums, or 20-30 days
 

difference in planting be allowed between random meting blocks, if inter­

crossing is undesirable. If a vide range of maturity In desird, the use 

of twe or more planting dates in an isolation block will allow for early 

and late maturing plants to random mate. Sterile plants (no olles shed) 

are best Identified when pollen is being shed by fertile plait(;. A 

system of tagging (plastic, string, cloth, or tags) the sterile* for 

harvest of only cross-pollinated plants Is required during iaindom mating 

to allow for the harveot of 500-1000 '.rose-polliiated pintles for 

combiaing (equal seed from eah plant) at harvest time. 

http:Stertft.Xt
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Step At Croit with mis line select,jns. 

sterile 
(famsle source) 

Step at Plant F1 and self. 

(combins. "ed - equal muntm from eack 
selected plant.) 

fertile
 
step CS Plant F2 In Isolation. Identify mal, sterile femles at pollination.

(~j3Zor 

sterile fertile fertile 

Altiot 1 2 . 1 
Harvest only Identified panicles. (c6mbine seed equal mountsZion each selected plant).-

S ep Di Plant In isolation. Identify male sterile frales at polligation. 
x 

sterLLe fertile
 

Ratio: 1 2
.

Harvest only Identified panicles. (combine ged- equal amounts 
from each selected plant). 

Step at Plant In isolation. Identify male sterile femles at poillation. 

sterile fertile
 

Ratio: I 
 a 1 

Harvest only Identified peaniles. for(See Genral aerees 
detals9 to select plants for hybrid or lie devlopments i.e.0* Sa"AuM au 
tAk 104. 1 
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M,,,GEMENT POCEVURE., , 

!&hr,eeted Mapping and Idenrtfica.1 yem 
Illustrated below are systan adaptable to handling with a computer*. 
a) A computerized nunberin4 gystem; 

2 LUYQ0,2 '4) 21 Dts + 

W td entr noit'
 

total etry no.
 

b) An identifIcation plan:
 

0 

1f11IDIWI Range02 
D 

IlNfm irmiU 
row 2 3.O 1 D 9 R ro 6
 

C) A planting map for 252: 

Study 252 map 

low 
 ,asge No.
 
No. 1 2 
 3 4 

016 025 034 161 

2 062 142 002 153 

* Copmut proPame for prntImspp g f0Hld books are availale from 
Pdu "Uiveretty. 



-26-

MAAGEJ'EW PROCEPMfE-9, 

x nleen t of Packets for Plant 

Seed packets contatning the veeO to be plmnted n a given row should 

be arranged in flats rr seed boxes in the order as -'Jicatod by the planting 

map prior to time of planting. This allows for checking and re-chacking 

of packet arrangement prior to planting to prevent all. possible errors in 

arrangement of packets. 

a) Arrangement by ranges: When planting is to be done by Individual 

rov in each range, then packets for one entire range should be 

tsoararily faetened together to be laid out in the field on 

each row. -" !1ilON" II! 
row, I row x
 

b) ArrangeuSint to plant by row across ranges:
 

border
 

$1 alley

llflll iolhum_______111.1 

+border + 
row I roll x 

When a planter is used to follow tow one across nore tben one range, 

turn around and return on row two. The packets should be laid out by eap 

order, checked and then row one picked up across all ranges. Then in 

reverse range order, tow two Sould follow with row two range. 
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KANAGEMENT PROCEURE-10 

Water Requirements and Irrigation Procedu.res 

Water requirements are influenced by duration of growth* temperature, 

relative humidity and soil water-holding capacity. The total use of water 

for the growing season is estimated to range from 55 to 60 cm for a 6000 

kg/ha grain yield. Peak demands for eater occur during the late boot 

through early heading stages where up to 0.8 to 1 cm of water wmuld be 

used per day. An'average usage of approximately 0.6 cm per day should 

be expected from boot stage through late dough stage. 

Uffective rainfall will lengthen t6e period between Irrigations. 

Whenever mater Is applied the soil profile should be filled to field 

capacity to asks best use of the weter and facilit4te maximum root 

growth. In the absence of rainfall, lighter soils will require irrigation 

every four to five days while on heavier soils it my be required every 

10-15 days with the last irrigation on heavier soils at about the time 

of flowering, If the soil in the upp4 60 ca is up to field capacity. 

Selection of no-tillering varieties and adjustments in plant popu­

lation can be made to conserve limited se.urces of water, 

OPlease refer to table which follows) 
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M4MWONT PW.CMMRE-10 fcontbtpa)
 

E1tflpted WIdter Usa a for A roxastel 6000 
 ha Grain Yield.Growth Number of Days 
 Plant 

Cumulative"ta a fter - r-_a--e IjAM l Characteristics 
Ikter Use 

0 0berence
 

1 
 10 
 10 
 Color of 3rd leaf visible
 
2 
 20 
 30 
 Color of 5th leaf visible 10-13
 
3 
 30 
 Grovinj point different­

lAtlcn (8th leaf)

4 
 60
40 Final leaf visitle in 

worl
5 
 50 
 Dot. Head extended Into 
flag lea sheath 
 20-25
 

6 
 60 
 Wtf bloom
 
7 
 70 Soft dough'
 
8 
 85 Hard dough
 

95 Phys. JlOg1ca1 maturity 
 .55-60
 

* Vafdeljp, I. L. 1972. How a imtfim pAnUt dev top4.Itension Service. Cooperatjve
rAngag State IJIvgrsuy, Manttons Kansas.C-447o No. 1203.
 

t See NP-12. 

I Treedwrft. type plants. 
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MAMAGEMEUT PROCMWUE-1I 

Thinning 

Thinning should he duLe a& soon an possW' c .tar all seeds have 

SrmrwIated and beLors plaatuu re.ach a height of 10 cr. Ttre should be 

a minimum diutuLbsr~ce of plants seiected to remain i each plot. 

Number of plants to be Yeft at thi.nning: 

itoy Width 
.50a .60. .75 1.

Pllnts/h "'er ( Of plants pe" 1 U Of roW) 

40,000 2 2.5 3 4 

100,000 5 6 7.5 10 

125,000 6.25 7.5 9.4 12.5 

250,030 12.5 
 15 16.8 25
 

300,000 15 18 22.5 30 

If a tw-meter stick Is used the above selected umbers shoud be 

doubled and plants thinned and as equally spaced as possible, but leave 

the actual required umber In each imter of row space. 
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AIAAAGMEIT PROCE E-12 

Field Note-Taking Cdes 

Sug ested nuaber-rating scales utiliuing viole numbers to f-cilltat 

the use of a computer follow: 

Flowerins date: 	 Recorded as the number of. days from date of planting to 
date when 50% of plants are 50 -inbloom. 

Stand: 	 Central rachis: 
I-very thick 3 - contracted
 
2 - good 5 a semt-curved
 
5 - poor 7 a completely extended
 
7 - long than 5
 
9 a no plants Peduncle shaves
 

3 n otraight

Restorer Aenes: 5 a semi-curved 

I pollen shed 7 a curved 
9 a sterile 

I Awns: 
Tillers of stand: 1 - no awns 

1 - less than 10 of heads on tillers 5 a short awns 
9 a 90% or mrs, of beads on tillers 9 m long awns 

Canopy Covor: (1-9) 	 Head Exurtion: 
3 a complete 3 - well extended
 
5 a moderate 5 - above flag
 
7 - open 7 a below flag
 

laaf anale: (1-9) Glume:
 
3 - very upright leaves I a no Sluas
 
5 - horizontal leaves 3 - 1/4 -overing

7 = drooping leaves 5 - 1/2 covering
 

7 - 3/4 covering
MdrU b colors 9 - complete cover 

1-awhite 
2 a semi-white Olum Color: 
3 a dull Ilawhte 
4 a yellow 2 a straw
 
5 a orange 3 - yellow

6 - brown 4 - orange
 

5 a LAWh brown
 
ad coscuas6 a brow.
 
3 compact 7 a wed brow
 
5 semi-compact .8 tray

7 - loo. 9a purple
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MANAGEMENT PROCEURE-12 Icontiued) 

Seed Cr or: Environment: 
1 - white 3 - accelerated growth 
2 - utraw 5 - normal growth 
3 a yellow 7 - retarded growth
 
4 - orange
 
5 - light brown Alrd damoa:
 
6 - brown 3 - resistant (partial)
 
7 - red brown 5 n moderate damape
 
8 - gray 7 n susceptible
 
9 - purple
 

Endoser.: 
Wetherins: (1-9) 3 - floury 

1 - resistant 5 - both floury and vitreous 
9 - very susceptible 7 - vitreous 

Yield 
3 - Ave average 
5 - average 
7 - below average 

Jodaina (1-9) 
1 - resistant 
5 aintermediate 
9 a susceptible 

Other measurements that might be takent 

plant heig!-i (top of head) (cm) 
stem diaster (ca)
head exertion (ca)
 
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 (ca)
 
number of nodes
 
stand - mwin plants
 
stand - tillers
 
total number of heads harvested
 
length of row harvested
 
weight harvested
 
nmber of heads sampled
 
sample weight (vet)
 
ample weight (dry)
 
Winture percent
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AWMAEMEANT PROCEPURE-9 (ontjxud) 

ti;0M 

SPW
 

CIdvated rans: S. biu~w top. biedw. 3niennaliate rai csi; (all rmnbirA~wn# ii[ basic ra", 
Race 6i) gulica-liilur41U1maic rem 

aw Race 7) catamintu-icolor (CH1~
Ia gut.. Race8 kofrabicolor 

PAN $WonRace dufrabicolor )
PAN &alkRac IG gInes-caudstum Q -1) 

Ron km Race I I guinea-kafir GK 
&md 	 Race I) ui nea-urra (D

Race I) fair-caktiawum ( 
Rzce I4 durracaudatum ~ 

R~m Ikaflrdwra 

I m and I uuh 3 -TMom esL 

hrla.J. 3K. a"~J. M. J. de~at. 1972. A uLied ahodoiupLL aLad i 
dat~vetd4om.Iain. crop Scl.12a172-176. 
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?4A ENGEEIT (contime41PROCEPURE-12 

Staies of Pl',nt Growth in S,rghum 

A suggested rating~ for otagee of plr~it git fuclows5 

StageDays after emeig ce De-c n	 _._j 

(8pproximately) 

0 0 	 Faerp ence, . leC vivible at soil surface 

1 10 	 Three leaves with fully developo4 sheath, 
i.e.. third leaf sheat elongatew4 and collar 
between blade and sheath visible. 

2 20 	 Five fully developed leaf sheaths. I.e.. fifth 
leaf sheath elongated and collar between blade 
and sheath visible. 

3 30 	 Growing point differentiation--on 3S 610 eight] 
leaf sheath elongated and collar visible, but 
this characteristic differs in various hybrids 
Cubn has not started to elongate. (Plant my 
have to be disected to distinguish this and 
separate from following stage.) One or more 
leaves may have been lost. 

4 40 	 Final leaf visible in whorl. Cuba undergoing 
rapid elongation. Lower 1-3 leaves my have 
been lost. 

5 50 	 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. 

6 60 	 Half-bloom. One-half of the win heads are 

in some stage of flowering. 

7 70 	 Soft dough. 

6 85 	 Hard dough.
 

9 95 	 Physiological maturity.
 

Vanderlip. 1. L. 1972. How a &cAqv p#Ant deuopA. cooperative 
Itenso Service. gaaa State University, Manlttean Kanams. 
C-4470 Ne. 1203. 
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MAEMENT PROCEMfJE-lf (continued) 

Disma and Insect Evaluation 

I. Downy mildev. f sorghum downy milder is present, data should be 
collected on the Incidence of systemically infected plants, as vell as 
the severity of follar in eaction- (local leeLn plose). Systemically
 

diseased seedlings and plants 
vi1i develop ntriped or sitreaked leaves
 
with alternate green and yellow or 
chlorotic st:ipeai. Down (asexual
 
Sporulation) Is commn to abundant on the lover 
leaves of these plants 
during Jumd weather with moderate to cool temperatures. The local lesion 

phum will develop extensively In weet udaumgrase under favorable con­
ditions and could develop to a lesser etent on many of the entries in
 
the test, Diemse evaluations 
can be made for this phase as for other 

follar diseasee. 

2. Head smt. Determine the Incidence of disease In each plot on or 

about the souft dough stage of growth. 

3. aise dvw.?f mosaic virus or mugs-cane mosaic. DatA may be obtained 
at the boot stae 'of growth or after flowering, based on the rating 

system of Toler at al. (Texas AM, Department of Plant Sciences). from 
flowerIng on, the mottling and chiorosis usually disappear, thus, one 
cannot deteraina 2 or 3 In late growth stages. Cool temperatures of 60F 
or lower make symptoms uch more severe, especially on susceptible lins. 
The red leaf symptom often does not develop In the absence of such cool 
tepertures. Note: Certain genotypes will show chlorotic and stunted 

Frederiksem, A. A. (Unpubliah,: information) Soqghm PLMendm n egm* t NMe.kU&ngEuK& &jm- IWftAiond. Department of Plant ScienceseTeas A A N University, College Station, Texas 77843. 



M OANAGCEN PROCEURE-12 ' ko.lt edI 

plants without significant necrosis. Thoas ihould be rated a 5. Incidence 

my be ImportaiaL ani l Or! r Xrtod me a -. 1This is especially 

Important when Lf(ii~a rvar IMY3 inz -amf~ r~ 

0 
1 
a disease not: 
- no apparent 

prornt. 
(ryIpLomn. 

2 - leaves with itti; only. 
3 - mottling a'd oigifficanE chloroir. 
4 - mottling with significant leaf necrosis (red leaf on most genotypes)
5 a the above accompanied by severe stunting or death. 

4. oliar diseases, A rapid evaluation of foliar disease incidence amd 

severity can be mde for the following diseases: Grey leaf spot. sooty 

stripe, sonate leaf spot, rough spot, bacterial strips, physiological or 

genetic spotting, insecticide damage, ialainthosporium blight, rust and 

downy mildew. A rating systen, as devised by Zuo Otesearch Plant Path­

ologist, Meridian, Mississippi) is as follows: 

O a disses absent
 
1 a resistant
 
2 a disease inconspicuous or present on an occasional plant.
 
3 a disease abundant (over 501 prevalence with low severity,


apparently causing little economic damage). 
4 a dift, ia sevae (1002 prevalnt, estimated leaf area destroyed 

up to 251, disease appears to be of economic importance.
S a as in 3, but over 25Z of-leaf area destroyed. 

5. Stalk rot. Data should be collected at about physiological mturity, 

or when the gtain has completely natured. (Note: At times following arti­

ficial inoculation, little disease develops. Nevertheless, good compar­

ative data can usually be obtained by recording differences amng entries 

within inoculated internode.) The following rating syste can be used 

in evaluating the severity of anthracuose, usearium. and charcoal rot 

following axtifical inoculation:
 



-36-

WJGM f PROCEDURE-I (contiued) 

0 a nonu present.
 
I a up to, but leas than 1 basal Lnternode affected.
 
2 - more than 1 but not ore than 2 internodes affected, infection
 

must have spread through at least I internodo.
 
3 - infection has passed through 2 or more internodes.
 
4 - extensive invasion of plant but not killed.
 
5 - death of plant' due to stalk rot.
 

6. Lodging. The ratings belcv based on parceutaae of lodged plants 

should be recorded. This lodging can be any one or a combination of: 

wak neck (breaking at base of peduncle), stalk breakage (due to stalk 

rots or weakened stalk. due to stress, or very high wind), or root lodging 

(entire plant leans or falls due to met soil and wind). The predominant 

type of lodging should be recorded. Use ratios or actual nercent. 

0 - not present.
 
I - 22 or less.
 
2 - 3-10.
 
3 - 11-30.
 
4 - 31-70%.
 
5 - 71-1001.
 

7. Fusarimu Head blight. Infection and death of rachis branches, rachls. 

and often peauncle (maybe even progressing dowmrd to the bass of the 

stalk) should be rated as below. Th panicle branches of infected heads 

often droop severely after maturity. Infected rachis branches and peduncles 

have both external and internal discoloration as contrasted to MW Induced 

discoloration which Is limited to external discoloration only. The disease 

usually develops or becomes obvious at about physiologic maturity of the 

grain or later. 

0 m none present.

1 a resistant - no infection In rachis branches or head.
 
2 a infection limited to head, particularly rachis branches.
 
3 " whole head infected.
 
4 a both heads and peduncles affected.
 
$ a head blSht resulting in death or lodging of plants.
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AMMNAGEMUET PROCEPURE-12 (coninued) 

B. 	 Anthracnose (Harris* H. B. at al. 1964. Crops and Soils 4:460-462) 

a) 	Natural infection - each of the following are rated from I to 5 

based on I - resistant to 5 - death of the tissue or plant: 

leaves (foliage), stalk (peduncle), and head. 

b) 	 Artificial inoculation - toothpick method, sama as for stalk rot 

evaluation or conidial injection, same as for natural infection, 

9. 	 Pythium root rot. Ratings of root rot should normally be =de at 

aturity, but befomplant has died. Ratings are based on the following 

scale: 

0 - disease not present. 
1.0 	= roots free from disease. 
2.0 	- no root rot near crown or on major brace toots. 
2.5 	- at least one dead major brace root. 
3.0 	- more than one to one-hal, but not all brace roots dead. 
3.5 	a more than one-half, but not all brace rootis dead. 
4.0 n all roots dead, but base of stalk still alive. 
5.0 	w all roots and base of stalk dead. 

10. 	 Seed weathering. A major enviromentally and maturity related problem 

affecting both quality and quantity of seed is weathering. Should the 

opportunity present itself, data on In$dence of seed mold associated with 

weathering should be recorded on a 1 to 4 scale as noted: 

0 	a disease absent. 
1 	- seed bright, generally free from mold damage. 
2 	 a seed moderately resistant to weathering, or weathering is delayed 

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 my be obtained at any plant growth state when green­

bugs are present. It Is suggested that estimate of greenbug msers be 

taken, If possible. Also, record plant growth stage as outlined In 31-12, 

(Stage. of Punt Orowth In lorhm section). 
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MANAGEMENT PROCEPURE- 12 (contiued) 

0 - no . valuation possible.

I - no red spotting on leaves.
 
2 a red spotting on leaves.
 
3 - portion of a leaf killed by greenbugs.

4 one entire leaf killed by greenbugs.
 
5- two entire leaves killed by greenbuge.
6 - four entire-leaves killed by greenbugs.

7 - six entire leaves killed by greenbugs.

8 - eight entire leaves killed by greenbugs.
 
9 - dead plant.
 

12. Midge. Damage based on percent "blaisted" eads, late no sooner then 

20 days after bloom. Take care to differentiate aidge damage from bird 

damge'and sterile florats. Tb. presences of a cocoon at the tip of the 

seed Is proof that a seed us damaged by mldge. 

0 a no evaluation possible.
 
I - no damaged seed.
 
2 - 1-102 damaged seed.
 
3 a 11-202 damaged seed.
 
4 w 21-302 damaged seed.
 
5 - 31-40% damaged coed.
 
6 - 41-602 demaged seed.
 
7 - 61-802 damaged seed.
 
8 - 81-90%damaged seed
 
9 - 91-100I damaged seed.
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MNAGEMENT PROCEDIE- 13 

Hand Emculation 

The three anthers of individual spikelets can be gently removed 

by use of tweezers 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, 

perLts the isolation and Identification of 20-50 florets to be emasculated, 

The emasculated spikelets should be covered with a mall glassine or 

paper bag until the stigma protrude (two to four days later) and then 

pollirated with a selected source of pollen. Pollination can be 

repeated one or two days later to increase seed set. ZxamitiLon of 

meculated spikalets prior to pollination insures that all anthers 

wre actually reeved and stigm not damaged. 
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MANAEMENT PROCEPURE-14 

Hot Water UEssculatlon 

A panicle estimated as being within out to three days from beginning 

anthesis is 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 the penicle and secured at the base of the inflorescence with an 

elastic band. (Tall plants can be bent over into a bucket of water) 

bot water Is then poured into the tube and left for a given length of 

time. An Initial tmperature of 48°0C left for a period of ten minutes 

with a -drop of two or three degree. is usually the met effective for 

divers imterials. The length of time is not as critical as the teper­

ature of the wter at the start of the procedure. Each line should be 

evaluated for the most efficient temperature. The greatedt amount of 

selfed seed occtw8 on the lower penicle branches and the greatest mount 

of female sterility occurs on the upper panicle branches. When & more 

Imture panicle Is selected a greater anount of salfed seed will be 

obtained. The amount of selfed seed can be estimated by placing a mail 

glassine beg over the lover soot panicle branch right after emsculation. 

Pollinations can be made three or four days after the emaculation and 

repeated again one or two days later to Insure maxum seed set. 

Stephens, J. C. and J. 1. Qiunby. 1933. Wik Aumcida o oj 4041m 
RAoKe. J. An. Soc. Aston. 25:233-234. 



-41-

AMAGEOWT PROCEURE-1S 

Plastic ait Smasculation 

Panicles about to start shedding pollen at the tip are covered 

vith plastic bags to prevent the anthers from dehiscing (shedding 

pollen). It has been found that two plastic bags improve the procedure 

at Purdue University. The (thin guage) double plastic bags cause 

the humidity to remain higher and the anthers can be shaken off the 

panicle Inside the plastic bag when the stigma are viable in the central 

section of the panicle. The lover portions of the panicle can then be 

cut off to prevent further development of anthers, the panicle allowed 

to dry (protected by paper bag) and then dusted with viable desired 

pollen. This method is more rapid, but due to variable degrees of selfins 

that occurs, it is only useful when it is esy to distinguish crosses 

from selfs in the succeeding gneration. This, however, is usually easy 

to do at that time with any of a number of markers, such as height, panicle 

type, leaf angle, grain color, glum color, etc. 

Shrts, K. F. and L. 3. Clark. 1%7. ConwLUns deAL .emeWUt PI 
1494AJ04d U4o LeU 4AA4m. Crop ici. 70340-542. 
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WJA4 MENT fPOCEVUE- 16 
Measuring 	Molature in a S mple of Geasn 

a) Welsh 5 - 20 a of a representative fresh sample. Place weighed 

sample in 	oven (105°C) for 5 - 12 hours (constant weight). Deterine 
dry sample weight and calculate percent moisture. 

Examp at 	 Fresh weight - 6.789 g

Oven dry weight a 5.463 S
6.789 5.463 a 1.326 g (ater lost from 	sample)1.326 f6.789 x 100 a 19.532 moisture In fresh sample 

b) Another method Is by use of boiling oil.
 

- "BoLl oil to remove any possible moleture.
 

- Place weighed fresh grain ample In cool (20-250 C) 
boiled oil(note orU 	 tamperature). 

- Welsh ample plus container.
 

Heat oil containing sample to 105°C for f ive minutes. 
- Cool oil to original temperature.
 

- Weigh cooled oil and 
 sample and calculate loss In weight. 
- Divld 	 loss of weliht by wet mple weight and multiply by 100to determine percent moisture in original mple. 
ma.ples Weight of wet smple - 21.34 gWeight of cool oil + container + vet mple - 256.34 8Weight of cool oil + container + boiled sample a 251.21 gLoss of weight (256.34 - 255.21) --5.13 gPercent moisture in wet sample (5.13 + 21.34 x 100) a 24.03S. 

C) Ilectronic moisture asters are comercially available. 



MAMME PROCEOIME-17
 

to a conmtAfactors for Coerat, from Kagmmoisture .Fercenta& 
Percent Mosture. 

Heasured 
Moisture 
rcentage 

Dselred -AduotedVl.e 

15Z 12 102N 02 

8.0 
9.0 
10.0 

1.062 1.045 
1.071 1.034 
1.059 1.023 

1.022 .920 
1.011 .910 
1.000 .900 

11.0 1.047 1.OU 
12.0 1.035 1.000 
13.0 1.024 .99 
14.0 1.012 .977 
15.0 1.000 .966 

.989 .890 

.978 .n0 

.967 .870 

.956 .660 

.944 .850 

16.0 
17.0 
18.0 
19.0 
20.0 

.968 .955 

.976 .943 

.965 .932 

.953 .920 

.941 .909 

.933 .840 

.922 .630 

.911 .520 

.900 .810 

.889 .800 

21.0 
22.0 
23.0 
24,0 
25A 

.929 .896 

.918 .86 

.906 .875 

.694 .864 

.M62 .852 

.878 .790 

.867 .760 

.856 .770 

.044 .760 

.533 ,750 

26.0 
27.0 
25.0 
29.0 
30.0 

.871 .841 

.859 .830 

.847 .818 

.535 .607 

.623 .796 

.622 .740 

.811 .730 

.500 .720 

.789 .710 

.798 .700 

PTocedure: DeterLie moLture percent of bervested prain smple 

1-16) miultly vat m remet of ral by the correct comwe-

Aos factor to obtain adjusted viOLG at a de red mieture 

Ules Nveslted paln moisture a 16Z 
Desired - pement of ims e -AO* 
C oewelom factor from tae a 912. 
v gai ssqmle v*sW a t4 a 
"s. WeiGU adjusted to I6 mistua M 4 

(.. x 134 a 1I3..96) 
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AMNAGEMENT PROCEPURE- IS 

P McIS Braunch Usee for identification Purposes 

The enclosing of a panicle branch in & 00011 plastic envelope 1s 

a couvenient way to positively identify Varlet.es, Attachment of the 

enclosed branches to a 5" x 8" card as indicated belov, permits storage 

and use of the sample for easy verification of seed for plantLagg seed 

hervested, and Ln field identiflcatiso to avoid and Identify ore 

la planti g and handling. Selectioe can also be IdentilfiLd as to 

race frem tbse pIcle bramches. 

Ident: IS 4526 
Source: 256041 

(enclose panicle 
kaneh) 

http:Varlet.es
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MAVUEMENT PROCEDURE- 19 

Estimation of Level of Tanning by Determination f Catechin Eulvalents 

The VAI4ILLIN-Y OCWMIC ACID TEST method has shom high correlation 

:ivth. biological estinates of quailt7 (rat 5corth). 

Rugnts: Vanillin-ICi. Prepare daily. Eight percent concentrated 

KCI In methanol. Four percent vanillin in rn',thanol. Hix equal volumes 

of thes solutions just before'us. Do not use after trace of red appears. 

Standard Curve: (optional). Ad 40 mg catechin to 100 al mstml. 

Use from full strength to 1:9 dilution to construct a standard curve. 

Pipet 1I.1 of each diption into separate tubes. Use two tubes per 

dilution. When approximately 20 tubes have been prepared, quickly add 5 

al of vanillLa-i reagent to each. Read on colorl-eter at 500 mu after 

a uniform length of time (20 minutes is satisfactory). Plot transmittance 

against catechin. concentration. 

Determination: Place 1 g of $round grain (20 mesh or finer) In 125 

".1 flask. Ad' 50 . methanol, stopp:., swirl, place at. a constant tern­

perature (between 240 and 320C) for 24 hours. Samples can set 20-28 hre 

(us* same l.enth of time for all samples). 8wirl ample and let settle. 

Pipet al of supernatant into each of two tubes and proceed as with the 

standard. 

iDurn, I. 1. 1971. Wh o .n o 6 Auix Ln 944M 404/k. 
Apro. J. 63S11-S12. 
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MAWMPET FOCEP(E-19 (contuLedl
 
The IWDIRD VANILLIN-HMiDOCIHI0UC 
 ACID TEST method follov the vanllim­

,hydrochloric acid teat procedure except as follove: 

Add 50 l of acidified methanol J5Z BCI) to 1 C grain rample, 

shake for one hour and then let stand for approximately 24 hours.
 

This procedure gives higher CK values for samplee containing a pigmented 

partial testa, and a complete testa. The use of the VICi and WYC test
 

till Identify Srai 
 eorgbum varieties vijtha test& and relatively 

good biological performance value as cultivars giving a low VUCl rendifg 

(hlow 1.0 CI) and a high (above 2.0 CR) DUEl estimte of ta!.&$ 

posse a test&and do not greatly reduce biological estimtes of 

protein qual tyl when fed to vemnll rats. (D. L. Oemit, TU old tautu 

a~.-CAj udcMet M&ttemL qILU# ix eg bica___ 
(LI MeaclU e#4.Ca. 1974 Agronmy Abstract, p 107.) 

Ibsoux 1,. . and L. V. Money. 1971. E4&w*on .oj mt od t4M
(WAUL40"fAMl tWLLAe. Ceorsl get. Tody 16:30S. 
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Dehullins Procedure by Use of Sodium ydroxide. 

The following procedure can be used to dshull grain sorghums 

stir 	conmtantly through all procedures. 

a) Temper samples in 140°F wter for five minutes, drain. 

b) Heat In 20Z MaOR at 16001 for five ainutzo. 

C) Drain, ash stx time..with 14"O° wter.
 

d) Nsuttaliss with 5Z glacial acetic acid at 140IF durieg a
 

five nmtue period. 

6) Mash five times with 1400 wter. 

f) Drain and dry at 1131f to approximately 12Z misture. 

At Purdue University the above procedure reduces catechin equivalent 

values (tanains) from above 4.0 percent to loes than I.C percent with 

o eignificaut chasu In protein percent of sample wham fully asture" 

seed Is treated. 

Ilesiat C. V. 1971. ftfcuhOW di4sm OwnL to zhouetm*4Ce
qua#€ d W Au Us. I sawth liemia Oala Sorsm eerchR 
am 	 utilIlat.am Comfereme 1iCuiIM . p. 70. 

http:utilIlat.am


Deteritioe of Use D ety. 

The velh1 per seed can be determined by randomly selecting 100 

to 1000 seds sad dividin by the mmber Weighed. The vo1um per seed 

can be determined by completely amersng 100 or 1000 sooeds in alcohml, 

Where the volume of tba alcohol can be measred before and fter the 
Need ia added (8rdunted cylinder, as diagrmed, Is useful Aiwh rkla8 

with Ip umbers of smpl"). 

Pdueted VaIght of 100 seeds (dry) - 2.85 g
SOMIS Volume (100. sed) 

8~ohal + -seed a 22.55 
alcohol 20.00 

- 2.55 cc/lO0 seeds
 

Density -weight of 100 "eds 
+ 	volume of 100 seeds or 
.85 4 2.55 ,1.118 

overflow 

Ilktoo
 
.a1a,,o~
 



MADAh Nr PM EVME-ft 

Smested Terminglloy. 

a) Reg.ar Drd...... m:... 

71 a croses wLth hna-meculated plants or with mle sterilee 

F2 - the selfed 71 plants 

3 a theaelted segregating F2 plants 

WGle sterile@ - plants whbch do not produce athrsr wMAIak 

shed pollen 

"- pollinating a plantself 

backcros selection of an 11 plant which is crossed to bme 

of the original parents 

gontic male sterility (M, to a7 and al- at.) . usually a 
Single recessive Ienie control of MaLe sterility presently 

used motly in random mating populations. 

isolation - protecting a random mtLng or hybrid seed production 

field from wild and other sources of pollen by use of 

disteace or time of planting. 

b) ft o Matim P alations: 

All plants are, In effect, FI' as male sterile plats are 

Idetfied and advanced to the next cycle end such plants 

produce P1 seed. 

8- fertile salted plants In populations which result In 
51 progenies or advanced families, i1e., 83* at3t. 

uill ib "a hind-wai cross betImen a single wale sterile 

plant and a inlle fertile -plant. (lame brother-estr 

relationship as In a litte of WIM or In 8 ham family). 



Hali-sib n randomly mated male strile plants. (b'%h plant in 

a family ror has a half-brother or half-eleter relationship 

as they have a common f-male fron different male parents). 

a-Bandom Mating Population -a selection of 5-linac randomly 

mated using the Senettc sterility systems. 

3-.andom Hating Population- a selection of I-lines randomly 

sated using tim genetic sterility systems. 

-40a1do ating Population - a selectin of 2 and I line 

raudomly mated usifg the genetic sterility system. 

c) cytw Maj-gfsterility (Si)s 

Originally Identified as aele sterility caused by ams Interaction 

or cytoplam from silo vitb lew from aftr. 

A-line - cytoplaimic ml. sterile. 

5-line , mintalnser of mole sterle. 

I-ns, - restorer line or "ale parent of a bybd iwee as 

A-imte Is used e the sterle file. 

ppuW&x OudlM 
... ptAO4U. , tocW 3M9of Tumrmt hth Aml 'Corn and .orghm 

Research onferemce, Chie, I1lwis (Ameican sed Trde As..) 

kso. W. 1 173.r o ' pe 41 40oA l-pbLw&mad 



AWAGEUEN PROCEMIE-23 

Procedure for Protein and Amino Acid Estmations. 

The consistency and accuracy of the laboratory analysis depends 

iLntially on the securing of mature represntative samples of pain. 

The adverse Influences of variable plant. density, border influences 

(plant heights, open space, and variety Interaclionqast be recognized 

and reduced to-a .nin n by careful harvesting techmiques. (See plot 

design on pale 3.) All samples should be dtIed to a uniform misture 

concutp ground uniformly, and sfter grjMing thoroughly mixed to 

remove any particle else 'eparation which my have occurred during, 

grinding. Samples met be carefully stored prior to analysi, to prevent 

contumnation, undesired alterations in moisture content, and Insect 

infestation. Note:Tha Cyclone Sample Kill type grinder (Se W-24) Is 

capable of efficiently grinding mlal samples to a very uniform mise 

and vithout major separation of partcles variable Inhardness or ass. 

Protein Ouslitl stimates. 

Ai amno acid analyser utilising Son-m age resin chomatography 

can be used to obtain the complete mino acid analyses or only the short 

colmn can be run to obtan the estimate of basic smino acids (Including 

lysine). 

The dye binding procedure (Sa MP-24 (dy)) isbased on the reaction 

of ptoteins with the mninosuni &so dye, Acid Orange 12, to form an 

inoluble complez. Tbe gstmte of protein Is based on colorimetrIc 

mesurments of uinbound dye 1wough Its relationship to total nitrogen. 
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WANMGEMENT -PROCEDURE-t (Scontimedl 

Mon-protein nitrogm is not bound. Because the dye-binding properties o1 

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

the amount of dye bound per unit weight of 'protein provides a measure 

of the three basic amino acids. Thus, if argLnina and histidine content 

of samples are assumed to remain constant the variation in amount of 

ly.sm In a unit of protein can be estimated by use of the dye binding 

procedure Yhen the dye binding value is used In conjuntion with am 

estimate of protein. 
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MAAGEM( PROCErE- f4 

ftuilzent ana Supplies Lint. 

A few suggestion@ of tha type of equipment and supplies which my 

be needed are listed belov. The estiJate4 cost and possible source for 

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

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

In no wy a preferred or exclusive list.
 
Approx.


Itm 	 Sourca us 8st 

Thresher (m8ll plant Allen Machine Cot 500
 
ad head) 224 Duff
 

Ames, lom 50010
 

Thresher (heavy duty plot) 	 Seedburo quipmnt Coo 1000
 
616-626 W. Jackson Blvd.
 
Chicago$ Illinois 60606 

Seed Cleaner Allen Machine Co. 300
 
(Laboratory-type air blast 224 Duff
 
Model ABiSC-1) 	 Ames, Iowa 50010 

Cone Seeder (sample plot) 	 Swunson Machine Co. 300
 
20-26 1. Columbia Ave.
 
Che paign, Illinois 

Autotic Scarecrow 	 B.M. Lawrence Co. (Zon Guns) 150 
(for bird control) 	 24 California St.
 

San Francisco, California 94111
 

Sample Grnder Udy Analyzer Co. 325 
(Cyclone Smple Mill Model KS) P.O. lox 148 

Boulder, Colorado 80302
 

Dye and dye-binding supplies (sas as above)
 
and equipmnt
 

Grain Quality Analyser 	 us C
 
2431 Llnden Lane
 
Silver Spring, Maryland 20910
 

Silentific Iustrumats 	 Tech con Industrial Bystin
 
Tarrytown, N.Y. 10591
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Approx. 

Item Source UNS Cost 

Pollinating late 
#400 4-3/4 x-4-1/4 x 

Laon Labels, loc. 
520 N. t. Monroe It. 

(plain) 
(striped) 

11.50/lOU 
1.00/ 

24/2 X 15-1/21\ Peoriat Illinois 61601 
PApet coin l we"Ps Consaumer bll=@@ supply, two, 
(3 ;jljt 611 with mtal tab) P.O. lox 19261 15/ 
(2V' x 4% 
(34" x 6") 

Indianapolis, Indiana 4/m
Gin 

Plastic lnvelopes Albert fojonnir, im. 
(3" 7" with metal tab) 
other sizes available 

9151 Fllerton 
Franklin Park, UIllzis 

24/ 

Other Items to consider from local sources or perimps from otrbt 

coManuLes, such as MIU Of fort Atkinson, isconsin 5353 8d A.0. 

Leonard and Co. of klqua, Ohio 45356 are listed beLor 

bird control chemicals fertilizers 

fumigants graln dr1s 

herbicides hoas 

knives l;bos 

numbering machines aurs for pecketins equal am nts of seed 

.plastic bass plot stakes and labels 

rubber stamps swales 

seed screas (recommnded sizes area 

seed storage metal boxes 

fungicide and insecticide for seed treatment 

sprayers (hand or pom) staplers and staple removers 

steel tepe tripod to hold seale" 
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