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| NTRODUCTI ON

Grain sorghum was first grown conunerc ially in the Coastal

of Texas in the 1940's, and by the late 1960's it was

Bend area

the principal crop

of South Texas. Planting exceeded 1.25 nillion acres in 1976, as sorghum
was considered a secure row crop for the Coastal Bend area. If planted
in late February or early Mrch, it could be harvested before the sununer
rainy season. Del ayed planting for any reason increases the risk of
preharvest weather | osses.

In 1976, planting of many fields was delayed due to poor npisture.
Soil nmoisture stress linmted early growh, and below normal seasonal
tenper atures in My and June delayed grain sorghum naturity. Conse-
quently, when heavy rains (12 to 16 inches) started in early July, 70

to 80 percent of the crop remained to be harvested.

Sone earlier maturing hybrids were harvested before

the sununer rains.

But, unharvested grain was nostly hybrids susceptible to weather dammge.
Pr edom nant damage was due to kernels sprouting in the seedhead and
subsequent |y dropping to the ground. Following several days of dry
weat her, the kernel sprouts shriveled and becanme inconspicuous except
upon close inspection. Sone kernels mldewed and becanme discol ored;
however, only a small fraction was affected by mold to the extent that

they rotted.
The quality of grain harvested after the extended

was questioned. Sonewhat simlar situations occurred

1968 and 1973 when about 25 percent of the crop was still

torrent

in the

i al rains

sununers of

unhar vest ed.



However, the extent of sprouted grain was substantially less in those
years than in 1976. The effect of periodic and long duration rains on
quality of sorghum grain had not been investigated.

The Texas Agricultural Experiment Station and the Texas Agricultural
Extension Service responded immediately by providing the best technica1
guidance that was available for producers and the grain industry. As a
follow-up for many unanswered questions, Station scientists conducted
laboratory studies and numerous feeding trials with poultry, dairy and
beef animals, and swine. Research was conducted under a "crash program"
at the Corpus Christi Center and by many scientists at the Main Station.
The program received the support and backing of the grain industry and
others who helped make these studies possible.

While‘preliminary research results were previously returned on an
informal basis, this report was prepared to document the results and

evaluations of weather-affected sorghum.

‘Neville P. Clarke
Director, The Texas
Agricultural! Experiment
Station




RAINFALL RECORDS IN THE COASTAL BEND

Lucas Reyes

Normal distribution of the 28-inch annual rainfall (Table 1)
favors grain sorghum production. The pattefn of iight rains during
winter and early spring, nofmally,z to 5 inches, provides good con-
ditions for preparing'the land, planting and establishing the crop.
Heavier rainfall (4 to 6 inches) during late spring (May) and early
summer (June) generally ensures maturity of a good crop. Harvesting
takes place in tﬁe nermally hot, dry month of July when only 1 to 2
inches is expected. However, wide deviations from the normal pattern
sometimes occur as in 1976 (Table 1). _During January, February and
March there was no effective rain and farmers held off planting later

than usual. During April and May rainfall was 73 and 81 percent,

respectively, above average, but fell 38 percent below average in
June. Then nearly seven times the average monthly total fell from July §

to July. 17 when three~fourths of the grain was still in the field.



-

——

Table 1., RAINFALL DISTRIBUTION AT CORPUS CHRISTI, TEXAS

Average Deviation from avefage
Month 1941-70 1976 in 1976
in. in. in. %

January 1.58 0.13 =1.45 ~92
February | 1.95 T -1.95 -100
March 1.10 0.07 -1.03 -94
April 2.15 3.73 +1.58 +73
May 3.17 5.73 +2,56 +81
June , 2.67 1.02 -1.65 -38
July 1.88 12,98 +11.10 +590
August 3.20 0.79 -2.41 =75
September 4.90 5.67 +0.77 +16
October 2.77 6.09 +3.32 +120
November 1.63 3.85 +2,22 +136
December 1.53 2.90 +1.37 +90

TOTAL 28.53 42.96 +14.43 +51




Summary

Prolonged and excessive rainy weather at grain sorghum harvest time
may not affect the feed quality of the grain harvested, but yield losses
due to shattering and low grades and bushel weights will be sustained
in varying degrees by the different genotypes. This was determined from
a date of planting test and a performance test with 96 hybrids, both
conducted in the Coastal Bend area in 1976 when a 12- to 20-inch, 3
week rainy spell occurred just as the grain sorghum crop was ready to
be harvested. The adverse weather allowed plant breeders and plant
pathologists an opportunity to observe and select breeding material with

higher degrees of weathering and disease resistance.



EFFECT OF WEATHERING ON YIELD, GRADE AND PRICE OF GRAIN

Lucas Reyes and J. E. Matocha

The effects of weathering on acre yield and certain grain quality
characteristics are shown in Table 2 for six selections planted at
Corpus Christi in February and March and harvested before and after
the severe weather period in 1976.

Weathering reduced the yield an aﬁerage of 925 pounds per acre, or
25 percent for the February planting, and 532 pounds, or 14 percent, for
the March planting. Considerable variation was observed among the sel-
ections, the percentage of loss ranging from 11 to 41 percent in the
early planted and 3 to 21 percent in the late planted grain.

Since virtually no kernel damage and not more than 4.8 percent broken
kernels were found in the grain harvested before the rains and bushel
weight ranged from 56 to 60 pounds, all the grain graded No. 1 or No. 2
and was»valued at $4.45 per cwt. Grain harvested after the rains con-

tained from 9 to 85 percent damaged kermels with 4 to 27 percent broken

kernels, and all except three samples showed test weights less than 55 pounds

per bushel. Average reduction in test weight of the early planted grain
was 5.3 pounds; that of the later planted was 6.4 pounds. All the
weathered grain was "'Sample" grade.

Counting all deductions for damaged kernels, broken kernels and
reduced bushel weight, the reduction in grade brought the average price
of February planted grain to $3.87 per cwt. .and to $4.11 for the March
planted grain. Losses to farmers were therefore considerably greater for
the grain planted early ($57.04 per acre) than for that planted later
($34.44 per acre). Assuming a 50-50 ratio of early and late planted
grain of these six selections in the million acres subjected to the

severe weather period, the loss to producers was nearly 46 million dollars.
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Although this was a staggering economic loss to the area, it could

‘have been far greater had it not been for the high level of disease

resistance possessed by the commercial plant materials as a result of

earlier work by TAES plant breeders and plant pathologists. Anthrac-

nose alone would have caused such a lodging problem that much of the

crop could not have been harvested at all; however, due to breeding for

good standability the crop was harvested.

Individual producers reported

20 to 50 percent losses in yield from grain shattering and reduced test

weight from kernels sprouting and molding in the seed head and addi-

tional losses due to the markedly lower price caused by lower grade.

Test weights as low as 42 pounds per bushel and kernel damage as high

as 94 percent were recorded.

-10-
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Sumary

The grain of weathered sorghum has a dark, discolored external appear -
ance and a dark, discolored germ The protein matrix and starch granules
inside the kernel are partially hydrolyzed by the enzymes of mcroorganisns
and the grain itself. The extent of hydrolysis depends on the severity of
weat heri ng. The kernels are soft, weak and easily break into pieces during
harvesting and subsequent handl i ng. Cross sections of weathered Kkernels have
a soft, floury appearance. Weat hered kernels have decreased hardness,
density, test weight and gernination. The processing properties, handl i ng
characteristics and storage properties are altered. Provided the problem
of feeding a dusty ration is avoided, the actual digestibility of weathered
grain mght be slightly enhanced because in a sense it is "pre-digested" in
the field.

CGenetic differences in resistance to weathering exist among sorghum
lines. Research to devel op nonbrown sorghunms with resistance to field
deterioration has identified lines with resistance, developed an under-
standi ng of possible mechanisns of resistance and led to the devel opnent of

possi bl e |aboratory screening nethods.

-12-



PHYSICAL AND STRUCTURAL PROPERTIES OF WEATHERED SORGHUM GRAIN

J. A Glueck, L.W. Rooney, D.T. Rosenow, F.R. Miller
and R. E. Lichtenwalner

Throughout the world sorghum grain frequently deteriorates in the
~field. The term "weathering" has been used to refer to this phenomenon
in the United States whereas "seed nolding" is often used in other areas
of the world. "Field deterioration” my be a nore appropriate term
since both environnental and i croorgani sm effects are involved.

Both sprouting and nicroorgani sm invasion result in breakdown of
seed components. Deterioration is caused by the interaction of environ-
nment, microorgani sms, enzymatic activity prior to and during germination,
and characteristics of the grain and/or plant. Prolonged rainfall, high

humdity, high tenperature and alternate periods of wetting and drying,

before and after physiological maturity of the grain, all favor deteriora-
tion. The kind of microorganisnms and their growh rat~ as well as the
initiation of kernel germnation, are affected by environmental condi -
tions. Signi ficant | osses from weat heri n&which occurred on the High

Plains of Texas in 1974,were caused primarily by invasion of the Kkernels
by m croorgani sns while those in South Texas in 1976 were due to the

conbined effects of sprouting and mcroorganisns. High tenperature dur-
ing an extended period of rainfall accel erated the deterioration process

in South Texas.

Sorghuns are very diverse genetically. Certain plant and Kkernel
characteristics provide resistance to field deterioration. These
characteristics i ncl ude:

1) open heads with the seed conpletely enclosed with |ong papery glunes

(Murthy, 1975),

13-



2) brown seed with high tannin content and a pigmented testa (Elis,
1972; Harris and Burns, 1973; Mirthy, 1975),

3) seed with thin, smooth, translucent pericarp (Leukel and Martin,
1943 and Elis, 1972); and

4). corneous endosperm texture wth nornmal endosperm type (Cark and
Ellis, 1973).

Sone of these characteristics are undesirable from either an agronomc

or a quality standpoint. For exanple, brown sorghums resist deteriora-

tion but their high tannin content reduces digestibility and feed effi-

ciency of the grain by livestock and produces undesirable color in food

products. The open headed, long glume characteristic seens negatively

related to grain yield, so it may not be useful in inparting resistance

to the grain.

This report summarizes information concerning physical and structural
changes that occur during deterioration. In addition, it docunents that
some sorghum lines with nonbrown pericarp, no seedcoat (testa) and nor-

mal  endosperm are resistant to field deterioration.

CHANGES |IN PHYSICAL PROPERTIES OF GRAIN
Gain weathering tests were conducted on a statewide basis in Texas
during 1975 and 1976. The data in Table 3, taken from these tests in
1975, show typical changes that occur as grain deteriorates in the
field.
Deterioration results from physical, physi ol ogi cal and cheni cal

changes in the kernel causing breakdown of kernel structure and eventual

loss of viability. Deteriorated grain is usually dark and discolored in
ext er nal appear ance, has a dark, discolored germ and the inside of the
kernel is chalky in appearance due to partial hydrolysis of starch and
protein (Figure 1). When environmnent al conditions are favorable, sprout -

-14-
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ing may occur as in South Texas ih,,1976 (Figure 1, C and D). Armong

fifteen selections grown in the Corpus Christi test nursery and harvested
after the |2-day rainy period, sprout damage was extensive in all;

ranging from 38 to 100 percent (Table 4). In general} grains wth highest
sprout damage also had nore nold danmage and greater discoloration. Bushel
weight of the line which showed the greatest degree of weathering was 42
pounds. Gain of the sanme line grown at a different location and harvested
wi thout weathering weighed 58 pounds. Although the percent of trash is
regulated by conbine conditions, weathered grain tends to be nmore "trashy",
perhaps as a result of attenpting to maximze the anount of grain harvested.

The percentage of fines and broken kernels was also higher in the weathered

grain.
Nonweat hered grain Weat hered grain

Bushel weight, Ib. 58.0 42.0

Trash, percent 1.3 7.2

Fi nes, percent 3.8

Physi cal , physi ol ogi cal and cheni cal changes result in loss of dry
matter and decreased test weight, 1,000 kernel weight, density and hard-
ness of the grain (Table 3). Changes in physical properties can be ex-

plained by conparing scanning electron mcrographs of ~ndamaged and deter-
iorated sorghum kernels (Figures 2 and 3). The endosperm is conposed of

starch granules surrounded by a matrix of protein and protein bodies.

Starch and protein are closely associated especially in the outer |layers

of the endopserm i.e. the peripherial and corneous endosperm area

(Figure 2). Undamaged starch granules are spherical and have a snooth
surface. In contrast, starch granules ofdeterio.rated grain ,show consider-

able pitting on the surface resulting from enzynme attack (Figure 3 D), and
the protein matrix is weakened and partially hydrolyzed (conpare Figure 3

Band Cwith Figure 2 B and Q. The fungus nycelium which appears a a

-16-



TABLE 4. VISUAL CHARACTERISTICS OF WEATHERED GRAIN

Sprout danmage a

Gain If @) t4) rotar Mol d Di scol or ed
% % Y% % %
1 50 8 58 5 75
2 40 12 52 15 50
3 80 20 100 35 75
4 70 15 85 35 75
5 90 10 100 15 75
6 40 20 60 5 25
7 45 55 100 25 75
8 40 20 60 15 50
9 85 15 100 45 45
10 80 20 100 85 100
11 60 40 100 25 50
12 50 20 70 15 25
13 60 20 80 20 25
14 70 25 95 20 50
15 30 8 38 5 25

a Spr out damage: 1) seed coat broken or sprout extended |ess than
1/8 inch; 2) sprout extended 1/8 inch or nore. total percent sprout
damage is the sum of 1 and 2.

-17-



threadlike network, penetrated through the endosperm and partially hydro-
lyzed the protein and starch (Figure 3 B and Q. Gther enzynes are pro-
duced by the kernel itself during the initial stages of germnation. The
i ndi vi dual or conbined action of the fungal and/or grain enzymes produces
a softer kernel which nay break when handled and produce fine particles
when ground, micronized or rolled.

Chenmical conposition of weathered grain was not greatly different
from that of nonweathered grain as indicated by average values for 12 lines
growmn at Corpus Christi and harvested before and after the deluge in 1976
(Table 5). Weat heri ng decreased the proportion of crude protein and fat and

increased crude fiber and ash; however, only the difference in ash was

significant, and the variability anobng lines was quite great as indicated
by the standard deviations. Ni trogen-free extract (NFE) and starch content
were not affected. O her data have shown slight decreases in NFE and

slight increases in protein, fat, ash and fiber as conpared to nonweathered
grain. In the latter case, it is felt that a portion of the soluble car-
bohydr at es is utilized to provide energy for growh and devel opnent of the
fungi and respiration of the grain so is lost as carbon dioxide and water.
The protein nay be partially hydrolyzed and used in synthesis of fungal
protein thus remaining in the grain. Seed protein wused in production of
protein in the sprout mayor my not remain with the grain depending upon
whether or not it dries, breaks off and falls or is blowm away during

harvest —and cleaning operations. g ight |osses of NFE relative to other
grain conponents could explain the increased percentages of protein, ash,

fat and fiber. It seems quite evident that the degree of weathering ranging
from surface discoloration caused by microorgani sns to extensive growh of
nmold and the penetration of the seed by nycelia acconpanied by sprouting may

have quite variable effects on conposition.

-18-



TABLE 5. EFFECT OF WEATHERI NG ON CHEM CAL COWVPCSI Tl ON
OF SORGH D1 GRAIN
1 Nu trien t, %

Grain Mbi sture Protein Fat Fi ber Ash NFE
Nonweat her ed 13.9 10. 7 3.1 2.3 1.7 82.3
Weat her ed 12.5 10.5 3.0 2.4 1.9 82.4
Weat hered as percent

of nonweat her ed
Per cent 89.9 98.1 %.8 104.4 111.8 100.1
Std. deviation 9.2 6.8 11.0 13. 4 9.6 1.2

lAver age of

12 lines grown

at Corpus Christi.
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It is possible that grain deterioration has a desirable affect on
digestibility since endosperm conponents are partially hydrolyzed and
therefore are nore accessible to digestive fluids and enzynes. Recon-
stitution, a nethod of grain processing, is based on controlled autolysis

of the grain prior to grinding which inproves feed efficiency signifi-

cantly. During reconstitution, oxygen is excluded and little dry mtter
is |ost. In weat her deterioration, reactions occur simlar to those in
reconstitution; however, since oxygen is present, dry matter is lost in

the deteriorated grain.

SeZection of Sorghum Lines ,with Resistance to Deterioration

Al though sorghums have been selected for inproved resistance to
grain weathering for several years, a formal, statewide testing program
was initiated in 1975. Bot h resistant and susceptible lines, varieties
and hybrids are included in the test which has the objectives of identi-

fying weather resistant nonbrown sorghums and of determining why they are

resistant.

Evaluating resistanc~ to grain deterioration depends upon conducive
envi ronnent al conditions and may be confounded by differences in matur-
ity and interactions of disease and insects. For exanpl e, some late

planted or late maturing sorghum hybrids did not weather and sprout as
severely as others in South Texas in 1976. They may not be genetically
resistant, but merely escaped extensive deterioration because they were

less nmature and not exposed to the adverse environnent for as long. Maturity

must be considered in evaluating each line, or variety, for resistance to
deterioration. Ther ef or e, the grains in the weathering test are grown
at a nunber of locations in Texas and are left in the field for extended

-20-



periods to allow sufficient deterioration to permit selection.

Di f f erences in ability of sorghum |lines or varieties to resist field
deterioration of the grain were apparent (Table 6). The susceptible
checks, Tx2536 and SC414-12E, showed the greatest deterioration at nost
| ocations, whereas SC279-14, SC748-5, 74PR759, SC566-14, BTX-398, and
SCI03-12 were consistently ranked as the nore resistant l'i nes. The
locations presented in Table 6 provide a conparison of relatively undam
aged grain (Lubbock) with noderately (CSI) and severely (CS2) damaged
grain at College Station.

In general, subjective field ratings provide a reliable index of
deteripration although the Lubbock sanples were ranked too high relative
to those at College Station. This probably occurred because sone stain-
ing detracted from the appearance of the Lubbock sanples, but little
deterioration occurred in test weight, germnation or kernel structure.
Consi der abl e deterioration undoubt edl y occurs prior to physiological
maturity. Gain of College Station first harvest showed |ower germ na-
tion, test weight and subjective field ratings than the graln harvested
at Lubbock. Plants at College Station were tagged at mid-bloom and
physi ol ogi cal |y mature grain was harvested at tine of black layer forna-
tion (35-40 days past 50% bloonj.

By 30-45 days after physiol ogical maturity, the susceptible checks
were severely deteriorated and vast differences existed anong the other

lines. For instance, only BTX398 and the brown seeded SC 03-12 had

greater than 50% germ nation. The brown grain contained high levels of
tannins which undoubtedly contri buted to the resistance of SCI03-12.

BTx- 398, however, has a reddi sh-brown pericarp and is not extremely high
in tannins. Careful interpretation of these data reenphasizes the_nul -
tiplicity of factors affecting grain deterioration and that all grains
will deteriorate wth prolonged exposure to inclenent environnent.

-21-
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A nunber of nechanisns for resistance are suggested by the reaction

of the various lines to sinilar environnents. A key to understanding
grain deterioration appears related to the rate of water wuptake by the
kernel . The primary entry of water and fungus into the kernel appears to
be via the black layer (hilum area) wth subsequent novenent into the
grain and endosperm via the cross and the tube cells. Initial coloniza-
tion of fungus appears primarily in the scutellum area with novenent into
the adjacent endosperm tissue. Sever al lines appear to resist the initial
attack of the seed by nicroorganisns, for exanple SCI03-12 and BTx398.
QG her lines like SC279-14, SCr748-5 and 74PR759 lost viability (low germ
ination) yet the endosperm was not severely damaged. Thus, value of the
grain for feed would not be greatly affected. Better neasures of grain
deterioration than germination are needed.

The rate of water absorption and the conductivity of seed |eachates
appear to be related to the extent of grain deterioration and may be use-
ful in predicting the inherent ability of a sorghum line to resist grain
deterioration. The susceptible lines appear to have nore rapid water up-
take and higher conductivity of seed leachates than the resistant l'i nes
(Table 6) although differences in pericarp thickness, kernel size and
other kernel characteristics affect these val ues. Water absorption and

| eachate tests may be useful as prelimnary screening nethods.

Future Devel oprents
Experi ment al hybrids, using resistant lines as parents, exhibited
better resistance to deterioration than commerci al hybrids in South Texas
in 1976. Nonbrown sorghum lines resistant to nolds have been identified
by personnel at the International Center for Research in the Sem -Arid
Tropics in.India. Several of these lines have been included in the

breeding program and will be available for U S sorghum inprovenent.
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The ultinmate output from this work will be nonbrown sorghum hybrids wth

much better resistance to field deterioration. Such grain wll have
optimum digestibility and quality. These new hybrids may not be as
resistant as conparable brown hybrids, but they will be better accepted by

inporters and users of sorghum
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Description of Plates:

Figure 1. Light photomicrographs of undamaged and deteriorated sorghum
kernels.

A. Undamaged, whole and half kernels with yellow endosperm, intermedi-
ate texture. CE, corneous endosperm; FE, floury endosperm; OP, surface
of the pericarp. ca. 4.0x.

B. Undamaged, half kernel with yellow endosperm, intermediate texture.
S, scutellum; EP, epicotyl, radical and coleorhiza of germ, ca 6.4x.

C. Whole and half kernels with normal, intermediate texture and sprout
damage. EP, epicotyl which has emerged from seed; R, elongated radical,
ca. 4.0x.

D. Half kernel of grain with sprout and microbial damage. DG, damaged
germ. ca. 6.4x.

E. Whole and half kernels with yellow endosperm, "intermediate texture
and severe damage, ca 4.0x.

F. Half kernel with yellow endosperm, intermediate texture and severe

damage ca. 6.4x.

Figure 2. Scanning electron photomicrographs of undamaged yellow endo-
sperm, intermediate texture sorghum kernels.

A. Endosperm cross section: P, pericarp; AL, aleurone cell layer; PE,
peripherial endosperm; CE, corneocus endosperm. ca. 200x.

B. Corneous endosperm area: SV, starch void; SG, starch granule. ca.
1,000x.

C. Protein and starch of corneocus endosperm. PM, protein matrix; PB,
protein bodies; SG, starch granule. ca. 2,000x.

D. Starch of floury endosperm. ca. 4,000x.
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Figure 3. Scanning electron photom crographs of deteriorated yel l ow endo-
sperm intermediate texture sorghum Kkernels.

A Endosperm cross section: P, pericarp; AL, aleurone «cell layer; PE,

peri pheral endosperm CE, corneous endosperm FE, floury endosperm ca.

200x.

B. Corneous endosperm area. PB, protein body; FM fungus nycelium SG
starch granule. ca. 1, O00O«.

C Fungus, protein and starch of corneous endosperm ca. 2, 000.

D. Starch of floury endosperm ca. 4, 000.
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tndamagéd and deteriorated sorghum

kernels. _28-



Figure 2. Scanning electron photomicrographs of undilaged
sperm, intermediate texture sorghum kernels.
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Figure 3. Scanning electron photomicrographs of deteriorated yellow endo-

sperm, intermediate texture sorghum kernels.
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Summary

Sorghum seeds from grain elevators in the Beeville Corpus Christi-
adem area, a region of the state where severe nold damage ("weather damage")
occurred, were examined for the presence of toxin producing nolds. Seeds
were surface disinfested and plated on selective nutrient nedi a. The ki nds
and nunbers of molds growing from these seeds were identified and their
frequency of occurrence recorded. Al seeds examined from the weather damaged
sorgh um sanples contained one to several di fferent fungi. The nobst commonly

detected fungi were nmenbers of the fungal genera Fusarium and Aternaria

which infested up to 60% of the seeds in a given lot. Several of these
fungi produce potentially poi sonous  toxins. The afl at oxi n-produci ng fungus,
Asperqillus flavus, was detected in 1 percent of the sorghum seeds. The

incidence of Aspergillus flavus in the blended feed used in the poultry study

was hi gh. The scope of this project did not include chenmcal anal yses  of
the grains and mxed feeds for nycotoxins.

An examination of sorghum cultivar seed from research plots harvested
before and after the adverse weather revealed that many of the fungi had
al ready becone established in the sorghum before the adverse weather. Once
warm danp conditions persisted in the field, these fungi became quite active
and severely danmaged the seeds.

The observations indicate that considerable risk may be involved in

usi ng weat her - damaged grain sorghum in human or animal foods or feeds.
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FUNG INVOLVED [IN THE DETERI ORATI ON OF GRAIN SORGHUM

Robert E. Pettit and Ruth Ann Taber

The role of fungi in the deterioration of grain sorghum has |long been ob-
served in the field, wthin transport cont ai ners, and within storage facilities.
The discovery of nycotoxins (poi sonous netabolites produced by fungi) in grain
sorghum has necessitated evaluation of fungal deterioration and possible serious
i nplications. Reports of problems in the growh and reproduction of animals fed
nmoldy grain sorghum and the large volume of damaged grain sorghum harvested in
South Texas in 1976 have pronpted the following studies.

The extent to which grain sorghum is damaged by fungi and the degree to which
these grains are contaminated wth nycotoxins are dependent on several factors.
Some of these factors are the climatic conditions under which the grain is pro-
duced; sorghum variety planted, availability of nutrients for plant growh such
as cal cium plant stress during the naturation of the grain; and conditions under
which the grain is harvested, transported and stored. One mgjor factor influencing
fungal growth in grain sorghum wthin the field is the moisture content of the

heads prior to harvest. Periods of danp or wet weather can provide ideal conditions

for the devel opnent of the many fungi capable of growing on the grain. Many different

fungi are capable of growing on the grains. The fungal type which is npst active
at any time is dependent upon the indigenous fungal population, noi sture levels

of the graln, tenperature, atnospheric  humdity, and physi ol ogi cal characteristics

of the grain.

Procedur es

Sorghum seed sanples examined during these studies came from two areas of

Texas. The initial sanples cane from grain sorghum used in feeding trials. The
damaged sorghum came from grain elevators in the Beeville - Corpus Christi - Odem
ar ea. The higher quality grain sorghum less severely damaged by fungi, was ob-
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tained from the fields along the Brazos River near College Station, Texas. I'n

addi tion, sorghum seeds of 39 different cultivars grown near Corpus Christi were
examined in order to determine if significant di fferences occurred between cul-
tivars. Seed of each cultivar was harvested before and after the adverse weather
condi tions.

Isolation studies were primarily directed toward deternination of the
types of fungi present wthin the seeds and the extent to which anyone type of
fungus predoni nat ed. Fifty seeds of each seed sanmple were washed in sterile di-
stilled water to physically remve a mgjor portion of the debris, subjected to a
wetting agent, washed in a disinfestant (sodi um hypochlorite) for 3 mnutes and
rinsed in sterile distilled water to terminate the activity of the chlorine. Fol -
lowing disinfestation the seeds were placed on a nutrient medium containing bac-

terial inhibitors and salts in order to selectively isolate the fungi present.

Three or five replicate plates were prepared for each sanple. Ten seeds were placed

on each plate and the plates incubated at a tenperature of from 23 to 27 C for 7

to 10 days. Fol l owi ng incubation, each fungal type observed growing from the
i ndi vi dual seeds was identified (Table 7).
In addition to examnation of the internal fungal population some efforts

were directed toward nmeasuring the fungal population associated with the external
portion of the grain and type infestation of bulk feedstuffs following grinding

and blending wth other ingredients. These platings were nade by using the serial
dilution technique where the final dilution of 1:100 was mixed in warm nutrient a-
gar imrediately following pouring. Again these plates were incubated and the in-

di vi dual type of fungal organism recorded.

Results and Discussion

Isolation studies of the intact seeds used in the feeding studies, both those

heavily damaged seeds from South Texas and the less severely damaged seeds from



the Brazos bottom, were 1007% infested with various fungi. In the case of the
heavily damaged seeds, a large peréent of these had germinated and were dis-
colored. The discolored seeds from South Texas were obviously heavily damaged by
fungi.

A comparison of ﬁhe fungi.present within both the heavily damaged grain
and the less heavily damaged control grain revealed that significant differences
occurred in the incidence of various fungi and the concentration of certain species.
Also it was noted that damaged grain sorghum samples from different elevators in
South Central Texas contained fungi of different kinds and concentration. For

example, one sample contained seeds with fungi classified within the genera Phoma,

Epicoccum, Rhizopus, Helminthosporium and Fusarium moniliforme. None of these

fungi occurred in a sample from another area. These results indicate that it would
be impossible to generalize about incidence of any kind of fungus in any one sam-
ple and the possibility of contamination with certain poisonous mycotoxins. The
only way to obtain this information would be to both plate out tﬁe seeds on nutrient
agar and analyze the grain chemically for the presence of various mycotoxins.

Grain sorghum from the Odem elevator, heavily damaged by fungi, contained a

high incidence of Alternaria, Curvularia, Fusarium semitectum and Aspergillus
glaucus. The less severely damaged grain from the Brazos bottom contained a sig-

nificant level of Alternaria, Olpitrichum, Helminthosporium, Fusarium and Phoma.

The incidence of Aspergillus flavus in the whole grain samples was quite low, less

than 1%; however the incidence of Aspergillus flavus within the blended feed was

quite high. Evidently the ingredients used to mix with the grain sorghum contained

a significant level of Aspergillus flavus, particularly in the poultry feed sampled.

Some of the weathered grain sorghum samples contained a high incidence of Fusarium

moniliforme.
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Sever al fungi found within the grain sorghum sanples are nycotoxin pro-

ducers. The nost serious of these are Aspergillus flavus, Fusarium nonili-

forme and Alternaria alternata. The fungus Aspergillus flavus produces one

of the nost poisonous substances known, aflatoxin, a nmenber of a group of ny-
cotoxins which cause liver cancer and nany other problems in aninals and man.
Fusarium noniliforne is capable of producing several mycotoxins, one of the
nmost serious of which is zearal enone. Zearalenone is an estero genic toxin
capable of interfering wth the nornal reproductive processes in poultry

and other farm aninals. Alternaria alternata produces a series of toxins

called alternariol, al t enuene, tent oxin, al tenin, alternaric acid, etc. St u-

dies concerning these toxins are relatively new and the extent of damage to

animals caused by these chemicals is uncertain at this tine. O her
fungi isolated from the grain sorghum also produce nycotoxins; however, nost
of these occurred in |lower concentrations. The potential still exists that

some of these fungi nmay be producing potentially serious poisons.

Feeding daneged grain to various aninals would only cause obvious external
synptonms when the nycotoxin concentration was quite high. Since many of these
mycotoxins are transported to the liver, kidneys and other organs of the anim~
it is likely that these animal parts nay be contani nated long before other synp-
toms become obvious. The scope of this proj ect did not include the chenmical a-
nalyses of the grains and mxed feeds for the presence of all the potential ny-
cot oxi ns. Such a procedure would have been very expensive and required a chenist
with considerable knowedge of the differences between various nmycotoxins and
the nethods to prove their presence. Hopefully within 'the near future such tests
can be conducted on grains suspected of containing various nycotoxins. Such ef-
forts would require addition of new staff and additional funding for the facili-

ties needed.
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The preferred method for control of thg ﬁycotoxin problem is prevention.
Once the grain becomes contaminated it is difficult to6 utilize such material
without running some risk. 1In order to obtain some preliminary information
about the presence of fungi within seeds of various culti§ars 78 grain samples
were examined. Of these samples only 5 contained seeds which were free from
fungal infestation. All of these clean seeds occurred within gfain samples
collected before the adverse weather‘conditions. The percent clean seeds in
each cultivar wereas follows: WAC692R Feb (47% clean), G577 Feb (43% clean),
TAM680 TFeb (40% clean), RS626 .Feb (407 clean), and TAM680 Mar (17% clean).
All other seeds from each of the cultivars were 100% infested with fungi before
and after the adverse weather conditions.

Alternaria was the most common fungus isolated from seeds. Up to 80% of
some seed lots contained seeds infested with this fungus (Table 7). In fact,
seeds of all cultivars except Pioneer 8311 contained a high incidence of Al-
ternaria before the adverse weather conditions set in. Seedsiharvested from
the Brazos bottom near College Station also contained a high incidence of.él—'
ternaria.

The most significant increase in fuhgal infestation following the onset of
adverse weather conditions was the increased incidence.of the Fusarium species.
In many cases the isolation frequency of the Fusarium species from weathered
seeds was double that from the nonweathered seeds. It should also be noted that

some Aspergillus flavus was detected in the grain sorghum seeds harvested before

the adverse weather but that none of the severely damaged seeds contained As-

pergillus flavus. These observations reveal that the environmental conditions

which occurred during the extremely damp weather were unsuitable for the continued

development of Aspergillus flavus. This fungus prefers intermediate moisture

-

levels in order to grow and compete with other fungi. Other environmental con-—
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ditions could have been nore suitable for the growh of Aspergillus flavus

and aflatoxin production.
.Several fungal species isolated from the sorghum seeds were classi-

fiedw thin the genus Aspergillus. . These were Aspergillus niger, Asper-

gillus glaucus, Aspergillus flavus, Asperqillus ruber, Asperqillus oc-

hraceus, and Aspergillus chevalieri. G her fungi found within the grain
sorghum seeds included species of Curvulvaria, Pennicillium Cl adospori um
Hel mi nt hospori um Cephal osporium Macr ophomi na, Phoma, Xylaria, Trichot heci um

Rhi zopus, Qpitrichum Epi coccum Chaet om um Goat obot r yum Peri coni a, and

Macr ophomi na.

It was evident that sorghum seeds from sone cultivars were |ess severely

damaged by fungi. These data are in agreement wth other data reported in other
publ i cati ons. EVldence has been presented in several publications that grain
sorghum seeds can be severely infested wth various fungi. Reports from Kan-

sas have revealed that sorghum seeds infested wth Aternaria alternata contain

the nmycotoxin alternariol. The data also revealed that the amounts of alter-
nariol increased in concentration as the degree of nold danage increased.

From the isolation studies conducted on the grain sorghum it is evident
that there is a high probability that one to several nycotoxins occur wthin
the grain. Wien such grain is fed in a ration containing high levels of protein
it is possible to overcome sonme of the poisonous effects of the mycotoxins.

Al'so, when such nold damaged grains make wup only 20 to 40% of the diet, the

level s of nycotoxins are in levels where it would take |~nger to detect changes

in the growth and reproductive processes in aninmals. It is theorized, on the
basis of the isolation frequency of the various fungi, that very little aflatoxin
was present within the nold-danaged grain sorghum It is likely that some of the
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toxins produced by the Fusarium and Alternaria species nmay be present wthin

the grain. It should be noted that toxins of these fungi cause I|ess severe
damage than aflatoxin in conparative tests wusing |laboratory test animals.
An exami nation of the blended feeds used in the feeding trials re-

vealed a high incidence of various fungi including Asperqgillus flavus. These

observations indicate that the other feed ingredients could have contained a

high incidence of Asperqgillus flavus or the nmixing equipnment was contamni nated

with a heavy spore load of the fungus. Many reports have indicated that a high

buil dup of Asperqillus flavus occurs in mixing facilities. Generally such in-

festations cause minor damage as long as the grain is protected from atnospheric
nmoi sture in the form of high relative humdity, wi nd- bl own rain, or

leaks in the storage facilities. Wth such high spore concentration~ it could
be possible to have the mixed feed contamni nated with aflatoxin even though the
mxing ingredients were found to be free from aflatoxin.

In summary it is evident that extrenme caution should be used in feeding
grains of any type which have become excessively nol dy. A mass of data is a-
vailable to indicate that the chances of mycotoxin contam nation are quite high
and that high levels of several different mycot oxi ns can cause abnormal grow h
and that reproductive processes wthin the animal can be altered significantly.
The severely nolded grain harvested in South Texas during the 1976 growing sea-
son contained several fungi which are mycotoxin producers. No chenmical analyses

were nade on the grain to determine the presence of the different nycotoxins.
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Summary

Di et s containing varYIng  levels of weather-damaged milo were fed to
broilers, turkeys and laying  hens. Diets in which 0, 10, 25 50, and 100
percent weathered milo from two sources (both moldy and sprouted) replaced

No. 2 Milo produced no significant adverse  effects on body weight or feed

conversions of broilers in two experiments. Turkey  poults fed diets In which
0, 33 67 and 100 percent elevator-run weathered grain  sorghum was used to
replace No.2 Milo performed equaly well, indicating that  weathered milo
had substantially the same feeding vaue as No. 2 grade gran sorghum.

Egg production, abumin height,  shell  thickness, and mortality  were
not significantly affected during five 28day feeding periods  when laying
/

diets were fed in which 33, 67, and 100 percent of the milo was replaced

with  elevator run weathered-damaged milo. Slight improvements were  noted
for abumen height and shell thickness. No differences were noted in
relation to mortality. Weathered milo, which was severely sprouted and field

damaged, had approximately the same feeding vaue for poultry as undamaged

milo.
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WEATHERED SORGHUM FOR POULTRY

L. O. Rowland~ J. E. Plyler and J.. W. Bradley

Wiile published reports indicate that deleterious effects can occur
from feeding nmoldy corn there is little published information on the effects
of feeding sprouted or weather danaged grain sorghum Sanford and Deyoe
(1974) fed laying hens 90 percent field sprouted sorghum as the sole grain
for layers and showed inprovenent in egg production, egg weight and feed
convers ion.

Sunde et al. (1976) reported that |ow bushel weight corn (34 or 38 1b)
reduced the growh rate of chicks and Leeson and Summers (1976) found that
this type corn contained approxinately 3 percent less netabolizable ener gy
than standard grade corn. Leeson e a. (1977) also reported a 12 kcal/kg.
decrease in the netabolizable epergy value for immture corn for each 1
percent increase in noisture.

The effect of high levels of aflatoxins and nycotoxins on poultry, par -
ticularly those fromAspergiUus fZaws and Fusarium groups of nolds, is well
docunented. Adanms and Tuite (1976) reported that corn damaged by G bberella
was harnful to broilers; however, work by Speers e al. (1971) indicated that
feeding Fusarium cont ani nat ed corn to laying hens had little influence on
per f or mance. Bacon and Marks (1976) reported no detrimental effects on
either quail or broilers which were fed corn infected wth Fusarium (Gibber-
eUa zeae).

Peck (1946) reported that feeding noldy corn decreased body weights of
chicks slightly while field damaged wheat and noldy corn had no adverse
effects on hens. Speers et a. (1977) reported that feeding 16 ppm T-2
toxin, 25 and 50 p.p.m nonoacet oxyscirpenol reduced feed intake and egg

production of laying hens.



Harns and Goff (1957)  reported that Sample Grade corn containing up to

30% cracked, 5% weevil damaged, 10% moldy, or 40% sprouted kernels had

no significant effect on body weight or feed conversion of broilers.

Two considerations are involved in the quality of weathered gran:
1) nutritional vaue  associated with  sprouted and damaged gran and
2) toxic effects due to molds or fungi. Our emphasis was focused on
the nutritional aspects of the gran per se rather than on the effect
of toxins.

EXPERIMENTAL PROCEDURE

Two lots of wesather damaged grain were  obtained. The first, Pioneer Bran
83088, was used in the first chi ck experinent. It was Sanmple Gade with
a bushel weight of 42 |bs. It was conpletely nolded and showed 100 per-
cent sprout danage. The second, from a commerci al el evat or, was of un-
known variety, graded No.4 and had a bushel weight of 53 |bs. It con-
tained 3.5 percent broken kernels and 286  percent total damaged kernel s.
This material was fed in experiments two, three and four. Both lots were
dark in color due to nold. The material when ground was very dusty and
a darker color than the No. 2 milo which was used as a control. The pro-

ximate analyses of the three grains are given in Table 8.

Experi nent 1. Three hundred day-old Hubbard broiler chicks were
random y assi gned to 60 decks of twelve standard 64 x 58 x 24 cm electrically
heated starting batteries. Five replicates of 12 chicks were fed diets in
which No. 2 gran was replacedw th levels of 0, 10, 25 50 and 100 percent
weat hered Pioneer 8308B (Table 9). The diets contai ned cal cul at ed val ues of
23 percent total phosphorus and 3,187 kcal ME./kg. Feed and water were

supplied ad libitum during the three-week feeding period.



TABLE 8. PROXI MVATE ANALYSIS OF MLO

Nonweat her ed Weat hered ml o, Weat hered m | o,
mlo, No. 2 Pi oneer 8308Ba el evator runa
% % %

Mis ture 12.51 12. 36 12. 41

Crude protein 9.51 9.11 9.42

Crude fat 2.61 1.93 2. 37

Crude fi ber 2.04 2.88 2.68

Ash 1.48 1. 39- 1. 37

G oss energy,

kcal / g. 3.98 3.89 3.91

The followi ng Fungi species were identified: Fusarium oxysporum
Fusari ummoniZiforme, Fusarium gram nearum Aspergi Uus niger,
Apergillus candidus, Alternaria species, Curvularia species, Peri-
coni a species, Cephal osporium species, Cadosporium species, Pen-
ici Ulum species, and Macrophonmi na species. Aflatoxins if present
were |ess than 20 ppb.
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Experiment 2. Five hundred forty day-old Hubbard broiler chicks were
randomy assigned and maintained for 21 days on the five diets fed in Exper-
iment 1. Three replications of 36 chicks each were housed in 3 x 3 neter
floor pens and fed elevator run weat hered ml o. In addition, a cocci di ost at
(3, 5-dichloro-2, 6-dimethyl-4-pyridinol) was added at the recomrended
level of 0.0125 percent.

Experiment 3. One hundred ninety two sexed day-old broad white N cholas
turkey poults were fed diets (Table 10) in which 0, 1/3, 2/3, and all of the
grain was replaced wth elevator run weathered nilo. Three replications each
containing eight mle and eight females were fed for six weeks ad Zibitum
in 2.4 x 3 neter floor pens. The poults were injected wth Gentanmicin at
one day of age and were given a coccidiostat during the growing period.

Experiment 4. A laying hen experilimentwas conducted utilizing 368
Hyline pullets 24 weeks old housed in single cages. Typical il o-soybean
layer diets (Table 11) in which 0, 1/3, 2/3, and all of the grain was replaced
with weathered mlo were fed for six 28-day periods. Hen-day egg production,
nortality, al bumen height, and percent shell were <calculated for the last 3
days eggs of each period. In addition, eight hens from each diet were sacri-
ficed at the termination of the experiment for histopathol ogi cal examni nation
of liver and kidney tissue.

Data for all experiments were subjected to analysis of variance as des-

cribed by Steel and Torrie Cl96D).

RESULTS AND DI SCUSSI ON
Experiments 1 and 2. Body weights and feed conversion at 21 days of
age are shown in Table U No statistical di fferences in body weight or feed
conversion were found between groups in experinment 1 even though there was

a slight nunerical decrease in body weight as the level of weathered nilo
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vitam n B12: ethoxyquin

0.0125% 1 - (4-ami no-2-n-propyl

chloride hydrochloride.

0.125%
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-5-pyri mdi nyl met hyl ) -2-picolinium

TABLE 10. TURKEY DI ETS
Dols
I ngredients 1 2 3 4
% % % %
Nonweat hered nilo 35.56 23.57 11.79 0
Weat hered nilo 0 11.79 23.57 35. 36
Soybean nmeal (45% protein) 55. 00 55. 00 55. 00 55. 00
Di cal ci um phosphate 4,00 4.00 4.00 4.00
Aninal fat 4. 60 4. 60 4. 60 4. 60
Met hi oni ne 119 .19 .19 .19
Sal t .25 .25 .25 .25
Vitamin mix® .50 .50 .50 .50
Zinc oxide . 025 . 025 . 025 . 025
Manganese oxide . 025 . 025 . 025 . 025
Cocci di ostat P Qs Qs a5 o
100. 00 100. 00 100. 00 100. 00
a Supplied per kg. of finished feed: 13,200 11U vitamin A 4,400 11U
vitamin p3: 11 |U dl-al pha-tocopheryl; 22 ng vitanin
ri bofl avin; 33 ng niacin; 17. 6ny cal cium d-pantot henalg3 888 ﬁ%
choline chloride; 7 ng nenadione sodium bisulfite conplex; 2.2 nmy
folic acid; 11 ng pyridoxine hydrochloride; 220 ng biotin; 15 ngy



e ———

TABLE 11. LAYER DI ETS
Diets
Ingredien t 1l Z S 4
% % % %
Weat hered nilo 0 21.5 43. 00 64.5
No.2 nilo 64.5 43. 00 21. 50 0
Soybean neal (45% protein) 23.00 23.00 23.00 23.00
Alfalfa (17% protein) 3.50 3.50 3.50 3.50
Def | uori nated phosphate 2.20 2.20 2.20 2.20
Oyster shell flour 6. 00 6. 00 6. 00 6. 00
| odi zed salt .25 .25 .25 .25
Vitamn prem'xa .5 .5 .5 .5
Hanganese oxi de . 025 . 025 . 025 . 025
Zi nc oxide . 025 . 025 . 025 . 025
100. 00 100. 00 100. 00 100. 00
a Supplied per kilogram of diet: 11,000 11U vitanmin A 3,300 ICU vitamn
D3; 2.2 ng nenadione sodium bisulfite; 5.5 11U D a-tocopherol acet at e;
4.4 ng riboflavin; 11 nmg D-calcium pantothenate; 27.5 my niacin; 50 ng
choline chloride; 13 ng vitamn PpB12.
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TABLE 12. EOCDY WEIGHTS AND FEED CONVERSION OF BROLERS FROM
2l - DAY EXPERDIENTS 1 AND 2

Exp erinmen t ; Experi nent 2
Aver age Feed Aver age

Tr eat ment body wt. (9) conversi on body -wt. (9)
uwnt* 102 539 1.43 325
10%W i | ob 545 1.41 315
25%Wmilo 540 1.38 317
50%Wnil o 525 1.40 321
100%Wni | o 521 1.44 314

a . )
Indicates all of the grain from No. 2 nilo.

Indicates weather damaged nilo.
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in the diets increased. Total nortality was less than 1 percent for all
diets in experinents 1 and 2.

In the second experinent unusually wet and cold weather prevented
optimum growh at the low bird density in the floor pens. Even though
optimum growmh was not obtained and the chicks were uneven in size there
was no indication that weathered mnmilo had any substantial effect on broiler
gromth even under the stress conditions. There were no statistical
differences between any of the diets when body weights were exan ned.

Experi ment 3. Data on the growth performance of tutkeys 1is given in
Table 13. There were no statistical di fferences between  groups
when males and fermales were conmbined at six weeks of age. However , t he

males fed 100 percent weathered milo were nunerically heavier than the

controls while the females were |lighter. Feed conversion at six weeks
remained relatively constant for all four treatnents. Since the turkey is
considered to be very sensitive to afl~toxins, the low nortality for all

groups would indicate that any toxins which may have been present were in
very |ow concentrations. It was concluded that weather damaged nmilo had no
del et eri ous effects on growing turkeys.

Experiment 4. A sunmary of the data for the laying hen experinent is
given in Table 14. During four 28-day feeding periods, hens fed 21.5 or

43.0 percent weathered milo produced nore eggs than those fed No.2 nilo.

This stimulation in egg production closely approached statistical signifi-
cance. It is felt that this increase in egg production was real and probably
due to Penicillin species of molds present in the grain. The limted quan-
tity of weathered grain from the same source Ilimted the nunmber of hens and

length of time feeding trials could be run.

Egg size, egg weight and percent shell were the same for all groups and
nortality remained low during the five feeding periods. Hi st opat hol ogi cal
examnation of liver and kidney tissue revealed no danage due to toxins.
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It is concluded that grain sorghum is not significantly altered nutrition-
ally by weather damage. It is felt however, that it would be nost advanta-
geous to feed damaged sorghum to laying hens where a gain in egg production

m ght be achieved.
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Summary

An 8-week conparison of weathered and nonweat hered sor ghum
grain at a level of 64.25 percent in concentrate rations wusing 20
lactating Holstein cows showed that the weather danmaged grain was
as nutritious as nonweathered grain. Feed intake, nmilk yield and conpo-
sition of the nmilk were not significantly affected by weahtering.
There was no indication of toxins in nmlk sanples subnmitted for

det erm nation, and the two groups of cows showed no difference in

rebreeding schedul e.
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WEATHERED SORGHUH FOR DAIRY COWS

|
G. T. Lane and R C. Brian

An 8week comparison of weathered and nonwesathered sorghum  grain  in
concentrate rations for dairy cows was conducted a College  Station.
Twenty lactating Holstein cows were selected from the ,Texas A&H dairy
heed and randomly  assigned to one of two treatment groups so that  the
average  weight and production of the two groups was approximately the

same (Table 15).

The treatments were sinple concentrate mxtures containing 64.25
percent of either weathered or nonweathered grain (Table 16). In addition
to concentrate~ the cows were fed alfalfa and hybrid sorghum hay. The cows
were individually fed twice daily in experinental stalls where they were
all owed appro~imately 2 hours to consume their  feed. During the remainder
of the time they were kept together inasnall lot with access to water and

m neral  suppl enents.

The cows were wei ghed on 2 consecutive days a the beginning, aiter 4
weeks and a the end of the 8week study. A 2-wesk prelimnary period pre-
ceeded collection of any data. MIlk samples were collected weekly and ana-
lyzed for percent fat, total solids, protein and solids nonfat. talk yield
and feed intake were recorded daily.

One of the questions concerning the weather damaged grain was whether
the cows would consume it as well as normal grain. The cows in this study
made no distinction between the two rations in voluntary consunption. The
group fed nonweat hered grain consunmed 2.35 pounds of concentrate per 100
pounds of body weight per day while the weathered grain group consumed 2.27
pounds per 100 pounds body weight for the 8-week study (Table 17). There was

likewise, no difference in hay consunption, intakes being 1.88 and 1.84
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TABLE 15. STATUS OF THE cows AT THE BEG NNING OF THE EXPERI MENT

Nonwea there d Weat her damaged
MIk yield, Ib. 55. 8 55. 52
Days in mlk 77.9 64.9
Hilk fat, % 3.13 3.22
Body weight, |b. 1155 1199
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TABLE 16.

I ngr edi ent

Nonweat her ed sor ghum

Weat her  damaged sorghum
Rolled oats

Cottonseed neal

Sal t

Vitanmin A& suppl enent

COMPOSITION

OF RATI ONS

Nonweat her ed Weat her damaged
(%
64. 25
64. 25
20.0 20.0
15.0 15.0
0.5 0.5
0.25 0.25
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TABLE 17. CONSUMPTION OF HAY AND CONCENTRATE CONTAI NI NG
NONWEATHERED OR WEATHER DAHAGED SORGHUM

Nonweat her ed Weat her ed

1 /100 |b. body weight

Hay 1.88 1.84
Concentrate 2.35 2.27
Tot al 4,23 4,11
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pounds per 100 pounds body weight for the nonweathered and weat hered
groups, respectively.

These Holstein cows produced as nuch nmilk on weather damaged sorghum
as the controls fed normal grain (Table 18). There was no significant dif-
ference in actual vyield, 4 percent fat corrected vyield, or percent fat,
protein and solids content of the mlk produced by the 2 groups. Yield
of mlk was nmintained at a persistent I evel throughout the experinent,
decreasing by only 4.7 and 5.2 pounds for the nonweathered and weat her
damaged sorghum fed cows, respectively.

According to the results of this experinent, the weather damaged
sorghum mixed into a concentrate ration at 64.25 percent was as nutritious
for lactating dairy animals as nonweathered grain. Intake, nmilk yield, and
conposition of the mlk produced were not significantly affected by weathering.
There was no indication of toxins in mlk sanples subnmitted for determnation

and the 2 groups of cows showed no difference in rebreeding schedule.
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Sununary

Two short-term feeding trials (initial pig weights of 15 and 50 pounds)

and a long-term grow ng-finishing trial -were conducted using weather-danaged
sor ghum The weathered sorghum was classified as sanple grade, contained 2?76
percent damaged kernels and was free of mycotoxins. Conpared to nonweat hered

sorghum  the weathered grain had a slightly higher «crude fiber content but

the gross energy content and amino acid profile were essentially the sane.
Small pigs (15 pounds initial weight) tended to consume less feed and

gain slower when the grain portion of the diet was 100 percent weathered

sorghum  but pig performance was simlar to those fed nonweathered grain

when diets contained only 50 percent weathered sorghum Performance of |arger

pigs (initial weight of about 50 pounds) fed the weathered sorghum diets was

excellent and was essentially the sane as those fed nonweathered grain.



WEATHERED SORHGUM FOR PIGS

T. D. Tanksey
Two short-term acceptability trials with pigs of different initial
wei ghts (15 and 50 pounds), a long-term grow ng-finishing trial and a
nmetabolism trial were conducted to determine the useful ness, val ue and

digestihbility of diets containing weather damaged grain sorghum for swne.

The weat hered grain obtained from adem Texas, described elsewhere in

this publication, was conpared with nonweathered grain grown on the Texas

A&M Pl antation in Burleson County near College Station. The grains were
physically and chenmically characterized, and a portion of the weathered grain
was cleaned wusing a Burrows scalper (2-screen nodel). During cleaning,

.70 percent of the weight was re~oved as "coarse trash" (stens, sprouts,
seed hulls, etc.) and 9.1 percent of the weigh t was renpoved as "fines"
(small and broken kernels, sand and dirt).

Conposi tion of Starter, G ower and Finisher diets used is shown in
Table 19. Four dietary treatnments were obtained by substituting the
different sorghuns on a pound-for-pound basi s: 1) 100 percent nonweat hered
grain; 2) 100 perceht weathered grain; 3) 50 percent weathered - 50 percent
nonweathered grain; 4) 100 percent cleaned weathered grain.

The sorghum was ground through a Bellco hammer mll (1/4 inch screen)
and mxed with the other ingredients in a horizontal m xer. A representa-
tive sanple of each 400-pound nmixture was obtained, plac'ed in an air-tight
bag and stored in a cool room After each test or growh period, sanples
for each diet were pooled for chenmical analysis.

TroiaZ | -- AcceptahiZity TnaZ with Z5-Pound Pigs
Si xty-four crosshred pigs from the TAES herd, averaging about 15 pounds

and 29 days of age, were allotted at weaning to 8 outcome groups based on

-65-



Tabl e 109.

PERCENTAGE COWPOSI TION OF DI ETSa

I ngredients Starter G ower Fi ni sher
Sor ghum  ground 64. 30 76.75 82.45
Soybean neal, 44% solvent 18. 15 20. 65 14. 95
Menhaden fish neal, 60% 5. 00
Dried whole whey, 12% 10. 00
Gound |inestone . 20 . 60 . 80
Deflourinated  phosphate 1.10 1.20 1.00
Sal t .35 .35 .35
Trace-ni neral prem x .15 .15 .15
Vitamin premx .50 .25 .25
ASP- 250b .25
Oxytetracycline (50 gllb) .05 .05
Tot al 100. 00 100. 00 100. 00
Calculated analysis, 7€
Protein 18.0 16.0 14.0
Cal ci um .85 .70 .70
Phosphor us .75 .61 .55
Lysine 1.02 .71 . 60
a As-fed basis.
b Contri but ed the following per ton of diet: chlortetracycline (100 gq),
sul f amet hazi ne (100 g), pennicillin (50 g).
¢ Based on "average" values for sorghum (9.0% protein, .22% lysine).
sDybean neal (44.0% protein, 2.60% lysine), Menhaden fish neal (60%
protein, 5.20% lysine) and dried whole whey (12.0% protein. 1.10%

lys ine)
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litter, sex and weight. Wthin weight blocks, the outcome groups (4 barrous,

4 gilts) were allotted to the four dietary treatnents. Each group was fed
in a4 x 45 foot nursery pen with conpletely slotted floors. Pigs were
provided 18 percent protein Starter diets (Table 19) and water ad Ilibitum

I ndi vi dual pig weights and pen feed consunption were recorded every 7 days.
Trial 11 -- Acceptability Trial with 50-Pound Pigs

Sixty-four crossbred pigs from the TAES herd, averaging about 50 pounds,

were allotted to 8 outcome groups (4 barrows, 4 gilts) based on litter, sex
and wei ght. Wthin weight blocks, the outcome groups were allotted to the
four dietary treatnents. Pigs were fed in 5 x 9 foot slotted floor nursery

pens for the first 21 days and then moved to a 7 x 22 foot concrete-floored,
open-fronted building for the final week of the 28-day test period. Pi gs
received the 16 percent protein Gower diets (Table 19) and water ad |ibitum
I ndi vi dual pig weights and pen feed consunption were recorded every 7 days.
Trial IIl -- G ow ng-Finishing Trial

Pig allottment and nmanagenent for the first 28 days was the same as
described for Trial |II. Pigs were fed the 16 percent protein Gower diets
until the pigs avera~ed about 120 pounds and then switched to the
14 percent protein Finisher diets (Table 19). As the pen of pigs was swtched
from the 16 percent to 14 percent diets, they were wornmed wth dichlorovos.
Pigs were removed from test when the average pen weight (8 pigs) was about
206 pounds. Carcasses were inspected at slaughter and livers and kidneys
from 4 pigs each from the 100 percent weathered and 100 percent nonweathered
grain diets were examned at the Departnent of Veterinary Pathology for

evidence of abnormality.
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RESULTS AND DI SCUSSI ON

The weat her - damaged sorghum had a higher crude fiber content than the
nonweat her ed sorghum  but the gross energy values for the tw grains were
essentially the same (Table 20). The amino acid profiles for the weathered
and nonweat her ed grains were quite simlar wth lysine (the first limting
amino acid in sorghum for swine) being higher in weathered than in nonweathered
grain (.20 vs. .18%. deaning the weathered grain reduced the fiber content
(2.88 vs. 2.27%, but had little effect on protein, ether extract, gross
energy or amno acid conposition.
Trial 1 -- Acceptability Trial Wth |5Pound Pigs

Al though there were no significant di fferences (P<.10) in pig performance
among dietary treatnents, pigs consuming the 100 percent weathered grain
diet (treatment 2, Table 21) tended to eat less and gain slower than those
consuming the nonweat hered sor ghum However , cleaning the weathered grain
or feeding it on a half-and-half basis w th nonweat hered grain supported
feed intakes and daily gains equal or superior to those obtained from
nonweat her ed grain. The feed efficiency for pigs fed 100 percent weathered
grain was quite close to that for nonweathered grain (98.6%.
Trial Il -- Acceptability Trial Wth 50-Pound Pigs

Pigs started at 50 pounds 1iveweight gained at the sanme rate with the
same feed wutilization on the 100 percent weathered sorghum diet as those fed
nonweat her ed grain (Table 22). In fact pigs fed the 100 percent weathered
grain diet consumed the nmost feed and exhibited the highest daily gains of
the 4 treatnent groups. Feed efficiencies were quite sinmilar for all treatments. |
Trial [ -- Growing-Finishing Trial

Pig performance for the 100-day growi ng-finishing trial is shown in

Table 23. Daily gains and feed efficiency for pigs receiving the 100 percent
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TABLE 20. PHYSICAL
GRAINS AND SOYBEAN MEAL USED

AND CHEMICAL CHARACTERISTICS  OF

Cleaned Non- Soybean
Weathereda  weatheredb  weatheredC meal
Sample  grade 4 2
Bushel  weight 53 50.4 56.7
Damaged _ kernels, % 28.6 ? ?
Chemical  analysisd
Moisture 11.8 11.0 13.0 11.2
Crude protein, % 8.72 8.59 8.43 43.8
Ether extract, % 2.75 2.68 3.01 1.38
Crude fiber, % 2.88 2.27 2.32 5.72
Ash, % 1. 36 1. 18 1.70 5.44
Gross energy,  kcal/g 391 3.93 3.89 4.16
Selected  amino acids,
Lysine .20. 18 .18 241
Histidine 18 14 18 1.00
Arginine 31 .30 31 2.90
Threonine 25 24 24 1.54
Alanine .64 .63 59 1.65
Valine .61 .60 .56 3:29
Methionine .18 A5 21 44
Leucine .98 94 94 3.14
Isoleucine 34 31 34 1.81
Tyrosine 33 33 31 1.48
Phenylalanine 40 40 .38 2.05
. aElevator  run sorghum purchased from Planters Grain Coop, Odem,
exas.

bObtained aftel" cleaning the westhered grain using a Burrows

Scalper  (2-screen model).
removed as "coarse trash"

(sterns, seed hulls, etc)

During cleaning, .70% of the weight was

and 9.1% of the

weight vias removed and classified as "fines' (small and broken

kernels, sand and dirt.

etc.).

CSorghum (EXCEL 808) grown on the Texas A&M Plantation,

Burleson  County.
dAsfed bass.
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TABLE 21. PERFOR~1ANCEOF 15-POUND PIGS FED WEATHER-DAMAGEDSORGHUM DIETSa

Treatment 1 2 3 4
Percent weathered  sorghum b 0 100 50 100
in grain portion of diet (cleaned)
Init ial wt., 1b 15.3 15.1 15.3 15.3
Final wt.,, 1b 33.8 319 35.9 341
Avg feed intake/day,  1b 1.42 1.31 1. 39 1.47
Avg dailly gan, 1b .67 .60 .70 .67
Feed/gain 2.16 2.19 1.98 221
Relative  efficiency, %
/nonwesathered  sorghum 98.6 108.3 97.4

a28-day test, 16 pigs/treatment (2 pend8 pigs).

bAll diets contained the same amount of soybean mea (18% protei n
sorghum-soybean  meal diets).

TABLE 22. PERFORMANCE OF 50-POUND PIGS FED WEATHER-DAMAGEDSORGHUM DIETSa

Treatment 1 2 3 4
Percent weathered sorghum 0 100 50 100
in grain portion of diet (cleaned)
Init ial wt., 1b 49.1 49.9 49.6 50.3
Finalwt.,Ib 76.7 80.1 76.2 78.6
Avg feed intake/day, 1b 4.06 4.48 3.75 412
Avg daily gain, Ib 1.31 1. 44 1.27 1.35
Feed/gain 3.09 311 2.96 3.06
Relative  efficiency, %
/nonweathered ~ sorghum 9.4 104.2 101.a

a28-day test, 16 pigdtreatment (2 pend8 pigs).

bAIl diets contained the same amount of soybean meal (16% protein
sorghum-soybean  meal  djets).
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TABLE 23. PERFORMANCE OF GROWING-FINISHING PIGS FED WEATHER
-D~~GED  SORGHUM DIETSa
Treatment 1 2 3 4
Percent ~ weathered  sorghum b 0 100 50 100
in grain portion of diet (cleaned)
Initiad  wt., Ib 49.1 49.9 49.6 50.3
Find wt., Ib 202.5 208.7 209.4 205.5
Avg feed intake/day, b 6.12 6.23 6.33 6.02
Avg dally gan, Ib 1.58 1. 63 1. 69 1.59
Feed/gain 3.87 3.82 3.75 3.78
Relative  efficiency, %
/nonweathered  sorghum 101. 3 103.1 102.3

al6 pigs/treatment

bAIl diets contained

diets fed to 120 pounds,

(2 pens/8 pigs).

14% protein

-71-

the same amount of soybean mea (16% protein
fed from 120-~206 pounds).

R Tk e



weat hered sorghum diets were equal to or slightly higher than those con-
sum ng nonweat her ed sor ghum The relative feed efficiencies conpared to
t he nonweat her ed grain diet were 101.3, 103.1 and 102.3% for diets con-
taining 100 percent weathered grain, 50 percent weathered grain and 100
percent cleaned weathered sorghum respectively. It appears that very
little was gained from cleaning the weathered sorghum before feeding it
in practical swine diets.

Weathered grain diets proved very satisfactory for pigs in short term

acceptability studies and in a 100-day grow ng-finishing trial. Pigs started
at approxinately 50 pounds |iveweight gained at the same rate with the sane
feed utilization as those eating nonweathered grain diets. When | 5-pound

pigs were fed the weathered sorghum diets, feed intake and daily gains were

slightly lower than those for pigs receiving nonweathered grain. However,
cleaning the weathered grain or feeding it on a half and half basis wth
nonweat her ed grain resulted in gains equal or superior to those made from

nonweat her ed sor ghum

Daily feed intake and gains were essentially the sane for pigs consuning

diets with either weathered or nonweathered during the 100-day grow ng-

finishing trial. Feed efficiency for the weathered grain diet was only 98.6

percent of the nonweathered grain diets but was slightly superior to the
nonweat her ed diet when 50 percent weathered grain and cleaned weathered
grain was used (101.8 and 101.1% respectively).

Neither gross nor microscopic | esions suggestive of nycotoxicosis,
nore specifically af | at oxi cosi s, were found by pathol ogical exanmination  of

livers and kidneys of 4 pigs fed the weathered or nonweathered grains.
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Summary

Weat her damaged grain sorghum produced in the Texas Coastal Bend
area in 1976 was conpared wth nonweathered No. 2 grain sorghum for
feeding light weight beef heifers at Beeville in an 84-day feeding
trial. The grains, "elevator" run from comercial outlets in the
area, were fed in mxtures containing 60 percent ground grain, 28 percent
ground sorghum hay, 10 percent guar neal, 1 percent steaned boneneal and
1 percent trace mineralized salt. Control mixture contained only nonweathered
United States No. 2 grade grain; a second mi.rture contained only United States
No. 4 grade weathered grain, while a third mixture contained the weathered
and nonweat hered grains in equal parts. Sixty Brahman crossbred heifers
were used, all geing injected with one mllion wunits of vitamn A at the
start.

The weather damaged grain showed slightly higher crude fiber and
ash content than the nonweathered grain, but gross energy and protein
levels were almst the same for the two grains.

The difference in gain between heifers fed only nonweathered or
weathered grains was negligible (2.04vs. 2.00 pounds daily) while
those fed the 50-50 nixture gained somewhat nore (2.16 pounds). Al -
though daily fed intake was about 10 percent greater for the nmixed grain
group than for the others, feed per pound of gain was very simlar
(7.93 vs. 7.59 and 7.85). The weathered grain wused in this feeding
trial gave alnost the same performance as the nonweathered when used
as the only grain in the feed mxtures. The stimulation of feed intake

and gain by conbining the weathered and nonweathered grains is of

particul ar interest since simlar results were observed wth poultry
and swi ne.

No evidence of mycotoxicosis was revealed by pathological exani n-
ation of livers and kidneys at slaughter.
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WEATHERED SORGHUM FOR BEEF CATTLE

J. N. WizZtbank and J. K. Riggs

Weat her danaged grain sorghum produced in the Texas Coastal Bend
area in 1976 was conpared wth nonweathered No. 2 grain sorghum for
feeding Ilight weight beef heifers at Beeville. The grains were "elevator

run" obtained from conmercial outlets in the area. Feed mixtures used
contained 60 percent ground grain, 28 percent ground sorghum hay, 10
percent guar neal, 1 percent steamed boneneal and 1 percent trace niner-
alized salt. The control mixture contained only nonweathered U. S No.2
grade grain, a second nixture contained only U. S. No4 grade weathered
grain while a third mixture contained weathered and nonweathered grain
in equal parts. Al mxtures contained approximately 12 percent crude
protein and 5 mlligrams of antibiotic per pound of finished feed.

Sixty South Texas Brahman crossbred type heifers were wused in the
84-day drylot feeding test. Al were injected wth one nillion wunits of
vitamn A at the start. Two groups of heifers, 10 heavier (average weight
about 400 pounds) and 10 lighter (average weight about 300 pounds) were
fed each feed mixture according to appetite. They were slaugl 1t er ~dat the

end of the feeding period for exanination of carcasses, livers and kidneys

by a menber of the Departnent of Veterinary  Pathol ogy.

ResuzZt s and Discussion
The wea~her damaged grain showed slightly higher crude fiber and
ash content than the nonweathered grain, but gross energy and protein
levels were nearly the same for the two grains.
Feedl ot performance of the 300-pound heifers for the 84-day feeding

trial is sumarized in Table 24 Although there was no significant dif-
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ference in performance of calves fed all weathered or all nonweathered
grain, those fed a 50-50 mixture of the two grains consumed 3.4% nore
feed than the nonweathered group and 9% nmore than the weathered  group.
They also gained 5.9% nore than the other two groups but were interne-
diate in feed efficiency.

Table 24. Perfornmance of 300~Pound Heifer Calves Fed M xtures

Containing Wathlred And/O  Nonweat hered Sor ghum
G a~ for 84 Days

100% No. 2 50% No. 2 100% No. 4
Kind of grain nonweat her ed 50%No. 4 weat her ed
Number of heifers 10 10 10
Initial weight, |b. 311 299 294
Final weigh t, Ib. 469 466 452
Dililygain, |b. 1.88 1.99 1.88
Feed consunption
Daily, 1b. 14. 8 15.3 14. 0
% of ave. wt./
dry, % 3.79 3.99 3.75
Per |b. gain, |b. 7.87 7.69 7.44

'a/M xtures contalned 60% ground graln.

The 400-pound heifers showed the same pattern of performace
(Table 25) as the lighter 300 Ib. gr~up in that those receiving the
conbination of weathered and nonweat hered grains gained 6.4% faster
than those fed only nonweathered grain and 9.9% faster than those fed
only weathered grain. Heifers fed the mixed grains also consuned
17.4 and 8.1% nore feed per day than those fed only nonweathered or
weat hered grains, respectively, but their feed efficiency was inter-

nmediate as was the case with the lighter heifers.
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Table 25. Performance of 400-Pound Heifer Caves Fed Mixtures
Containing  Weather~d  And/Or Nonweathered  Sorghum
Gra~1 for 84 Days
100% No. 2 50% No. 2 100%No. 4
Ki nd of grain nonweat her ed 50% No. 4 weathered
Number of hefers 10 10 10
Initial weight, Ib. 407 404 386
Fina weight, Ib. 591 600 564
Dailly gan, Ib. 2.19 2.33 2.12
Feed consumption
Daly, Ib. 16.1 18.9 17.4
% of ave. wt./
dry, % 3.23 3.76 3.66
Per Ib. gan, Ib 7.35 8.09 8.22

a Mixtures contal.né

When the
(Table ~) the difference
wesathered grains
fed the 50-50 mixture
intake  was about

others, feed

7.85).

results for

was negligible
gained
10% greater for

per pound of

d 60% groun d gral.n.

the two weight
in gan
(2.04 vs. 2.00 pounds
somewhat  more (2.16).

gan was very similar
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Table 26. Performance of 300- and 400-Pound
Combined When Fed Weathered And/Or Nonweathered

Heifer Calves
Sorghum Gran

100%No. 2 50% No. 2 100%No. 4
Ki nd of grain nonweathered 50% No. 4 weat her ed
Number of heifers 20 20 20
Ini tial  weigh t, Ib. 359 352 340
Fina we ght, b 530 533 508
Dally gain, Ib. 2.04 2.16 2.00
Feed consumption
Daily, Ib. 15.45 17.10 15. 70
% of ave. wt/
dy, % 3.48 3.87 3.70
Per |b. gain, Ib. 7.59 7.93 7.85
The major pat of variation in  performance was atributable to the
initial weight  of the light and heavy heifers. When the weight  groups
were  combined  across grain  treatments (Table  27) the heavier heifers
gained  dSignificantly faster than the lighter ones (221 VS 192 pounds

per day), consumed significantly nore feed (17.5 VS. 14.7 pounds per

day) and required about 2.8% nore feed per pound of gain (7.89 vs. 767

pounds). This  difference in feed efficiency was expected.

When the heifers were slaughtered no evidence
tixicosis was found by pathol ogical exami nation of

The weathered grain used in this feeding trial
per f or mance as the nonweat hered grain when used as
feed mixtures. The stinulation of feed intake and
weat her ed and nonweat hered grains is of particular

results were observed with poultry and sw ne.
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Table 27. Performance
84- Day

Weight group of heifers

Nurmber of heifers
Ini tial weight, Ib.
Final weigh t, |b.
Average weight, Ib.
Total gain, Ib.
Daily gain, Ib.
Feed consunption
Total, |Ib.
Daily, I|b.

% of ave. w./
d~, %

Per Ib. gain, Ib.

of Light and Heavy Heifers In

Feeding Experi nment

Li ght

30
301
462
382
161

1.92

1235

14.7

3.84

7.67
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30
399
585
492
186

2.21

1467

17.5

3.55

7.89



Sunnnary

The effect of weathering on the physical and chemical aspects of
grain wutilization by rumnants was eval uated. Weat hered  sorghum
contained significantly greater concentrations ?f ash than nonweathered
grain. In addition, weathered grain contained a greater proportion of
smal|l particles and fragnented into smaller particles when processed.
This resulted in a very "dusty" nature of the rations containing

weat hered  sorghum

When conpared wth the same variety of nonweathered sor ghum i nt akes
of rations containing 80 percent weathered grain were |ess. Animal s, when
offered a choice, selected rations containing nonweathered grain. The
addition of water to the rations reduced selectivity. Al though in vivo

digestibility was simlar, rumnal digestibility of weathered sorghum
was greater. Ruminal digestibility of weahtered sorghum differed anobng
lines, indicating the possibility of resistance. Di fferences in site
of digestibility affected the proportion of volatile fatty acids in the

rumen.
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EFFECT OF WEATHERING ON VOLUNTARY INTAKE AND
DIGESTIBILITY OF SORGHUM GRAIN-

R. E. Lichtenwalner

Excessive rainfall in 1976 along the Gulf Coast of Texas caused
changes in the physical and chemical nature of the sorghum crop. The
objective of this research was to determine the effect of weathering on

voluntary intake and digestibility of sorghum grain.

EXPERIMENTAL PROCEDURE

Voluntary intake. A single variety of grain was used to determine
the effect of weathering and processing on voluntary intake. The grain
chosen was a variety which weathered most severely. The weathered grain
was obtained from Robstown, and the non-weathered grain of the same
‘variety was obtained from Waco. Portions of each grain were processed
by one of the following methods: 1) none, 2) cleaned and 3) cleaned and
micronized. Chemical and physical characteristics were determined for
the grain on the original sample before cleaning.

Sixteen mature weathers were randomly allotted to four groups and fed
ad libitum rations containing either the weathered or non-weathered grain
of oné processing method. Following data collection on one processing
method, the sheep were weighed and randomly reallotted to two groups and
fed the weathered and non-weathered grains of the second processing method.
The same procedure was followed after the second feeding trial. The rations
contained 80% grain, 19% cottonseed hulls and 1% premix. Water was avail-
able at all times. Daily feed intake and body weight changes during each
two-week feeding period were recorded.

After the third feeding period, the sheep were weighed and reallotted

to two groups for a cafeteria style intake trial. Cleaned weathered grain
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was exchanged for cleaned non-weathered grain to yield seven rations in
which the weathered grain conprised 0, 10, 20, 40, 60, 80 and 100% of the
grain conponent. The mixed grains conprised 80% of the ration as pre-
viously described except that 12.5% water was added to the ration fed to
one group of sheep. The rations were randomly placed in feeders to

avoid feeder selection. The 7 rations were fed to a pen of 8 sheep.

Daily feed intake of each ration was recorded during the IOday trial.

Digestibility trial. Two digestibility trials were conducted. The
effect of weathering on in situ digestibility was determined on the fif-
teen varieties harvested before and after the rains at the Corpus Christi
Stati on. The varieties were evaluated in the as is and in the cleaned
form Cleaned grain was obtained by hand selecting whole kernels of grain
and renmoving the hulls. The grains were ground through a Imm screen and 1
gram portions weighed into tared | o0z. jars. Twenty-five m of physiologi-
cal saline were added and the jar sealed with an inert material having a
pore size less than 5 mcrons. The jars were placed in the runen of a
fistulated steer fed a 60% concentrate ration. After 24 and 72 hrs. in
situ tine, the jars were renmoved and dry matter disappearance (DVMD) from
the jars calcul ated.

In vivo digestibility was determined on the single variety of grain
used in the voluntary intake trial. The grains were rolled prior to mxing
into the ration shown in table 28. The rations were fed twice daily to
four half-sib Holstein steers housed in nmetabolism stalls. After a 5-day
adj ust nent peri od, Al feces and urine were collected and preserved for
anal ysi s. Digestibility of dry matter and nitrogen and nitrogen bal ance

was cal cul at ed.
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TABLE 28. PHYSICAL CHARACTERISTICS OF GRAIN
AND COMPOSITION OF RATIONS

NON-
| TEM VEA. THERED VEA' Yr | ERED
Characteristics
bushel  weight, Ibs. 58.0 42.0
% trash 1.3 7.2
0%f i nes 3.8
Composition, %
grain 52.3 52.3
cottonseed hulls 40.0
cottonseed meal 7.3
limestone 4
Crude protein, % 9.0
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The rations (table 28) were also fed to 4 runminally fistulated
Hol stein steers to determine volatile fatty acid (VFA) levels in rumen
fluid. The steers were fed twice daily and trained to consune the ration
within 1 hr. After a 10-day adjustnent period, rumen sanples were
obtained prior to the am feeding and at 2-hour intervals for the next
12 hrs. Water was withheld during the VFA collection period. Rumen
sanples were squeezed through cheesecloth and the fluid preserved for.

later VFA analysis.

RESULTS

The effect of weathering on cheni cal conmposition of 12 sorghum
varieties is presented in table 5. The percent sprout and mold damage
and degree of discoloration of weathered grains is shown in table 4
Resistance of some lines to the effects of weathering was evident in the
physi cal aspects of the grain. Bushel weight and percent trash and
fines of the single line of grain evaluated in the in vivo trials is
shown on page o.

VoZuntary intake. Intake of processed grains by sheep is shown in
table 29. Sheep consunmed significantly less of the weathered grain than
of the nonweathered grain rations. The depression in intake by weathered
grain was consistent across all grain processing nethods. Sheep consuned
less of the micronized rations than of the other processed grain rations.
Adj ust ment of the voluntary intake to an equal body weight basis did not

statistically change the difference.

The effect of ratio of weathered: nonweat hered grain and nois.ture |evel
of the ration on voluntary intake is shown in table 30. The data confirm
visual observations of selectivity of the dry, nonweathered ration. Sheep

consumed approxi mately three tinmes as much of the dry, nonweathered grain

ration than the weathered grain rations. Intake of the 100% weathered
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TABLE 29.

Process:

G ain:

I ntake, |bs/hd/day
\' Jeat hered, JBof non-weat her ed

Body Wi ght, | bs.

Intake, g/lb bi-T

~\leathered ¥ of non-weat hered

EFFECT OF PROCESSING OF WEAT r| ERED SORGHUM
ON VOLU JTP.RY | NTAKE BY SHEEP

As is C eaned M croni zed
NON- NON- NON-
WEP. THERED WEATHERED wea T tiERED \'" | EAT" r | ERED VEA  TI:IERED "1 1 E\T r1 ERED
2.09 1. 74 2.33 1.52 1.99 1.34
83.3 65. 2 70. 2
8L~ 2 80. 4 87.1 75. 2 83.8 76.0
11.3 9.6 12.2 9.2 10.8 8.4
87.2 75. 4 77.4
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Table 30. EFFECT OF RATIO OF WEATHERED TO NONWEATHEREDGRAIN AND
MOISTURE LEVEL OF RATION ON VOLUNTARYINTAKE BY SHEEP

ADDED MJ STURE

0 12.)
| NTAKE | NTAKE
OOHEATHERED GRAI N g/hd/ day Qbor TOTAL g/ hd/ day % OF TOTAL

0 355 32.6 141 13.5

10 143 13.1 169 16. 2

20 163 14. 9 212 20. 3

40 103 9.6 193 18.5

60 172 15.6 60 5.8

80 133 12. 2 230 22.1

100 22 2.0 --R 3.6

1091 100.0 1042 100.0
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grain ration was |owest. The addition of water to the rations appeared
to elimnate selectivity. No differences in intake were noted between
o to 40% rations. Sheep consuned less of the mpist 60 and 100% weat hered

grain rations, but consuned nore of the 80% ration than any of the noist

rations. This mght indicate a possible feeder difference although no
visual differences in feeders were evident.
DigestibiUty trial. Twenty-four  hr. in situ dry matter disappearance

(DVD) of weathered grains was consistently higher than the sanme grain
harvested before the rains (table 31). After 72 hr. in situ, DiIDof the
grains were simlar indicating that the effect of weathering on DVMD was on
the rate of digestion and not total digestibility. Sel ection of whole
kernels and renoval of the hull did not consistently affect in situ

DVD. Generally, cleaning inproved the DMD of the nonweathered grain but
not weathered grain.

The simlarity in in vivo digestibility of weathered and nonweathered

rations also indicates that total digestibility is not affected (table 32).

Visual observations indicated less grain in the feces of steers fed
weathered grain than nonweathered rations. Ruminal volatile fatty acids,
were lower in steers fed the weathered grain (table 32). In addition, the
ratio of acetic to propionic acid was much wider in rumen fluid of steers

fed weathered grain.

DI SCUSSI ON

The effects of excessive rain on nmaturing sorghum does not appear to

affect the nutritive value of the grain. Weat heri ng does increase the
dustiness of the grain which may inhibit intake by certain |livestock un-
less the dust is controlled. The addition of nolasses or fat to dry

livestock rations should do this effectively as would the use of npist
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GRAI'N

10

LL

L.c

13

WEA T"r| ERED

TABLE 31.
24 HOURS

NON-  ~IEli T"rl ERED

;7 as1.-s cleaned as is
14. 7 14. 8 20.1
16.1 18.0 21.5
19. 7 23.2 26.6
15.8 15.8 18.1
16. 8 20.6 19.1
17.)- 14. 3 19.0
25.8 28.8 26.9
18. 2 19.3 19.6
24.6 28.8 28.0
15.9 18.1 24.8
22.2 25.3 22.0
19. 6 17.7 21.8
23.3 24.5 28.1
18.9 77 19. 4
16.  Lf 16. 6 17.0

cl eaned

23.9
21.0
28.1
20. 2
17. 4
25.9
2..5<,1
21.6
31.5
24.3
25.6
20.5
26.1
19.3

17.2
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NON-"..rEA J.' ti ERED

as i s

60.1
61.1
69. 3
70.0
73.5

68. 3

6.7, 1.

67.2

71. 4

70. 4

72.8

68.5

74. 4

76.2

68. 6

cl eaned

59.9
63.1
70.9
72.0
70.5
68. 2
~. 2
72.7
73.3
73.3
75.6
70.0
74.0
69.7

68. 3

IN SITU DRY MATTER DI GESTIBILITY OF viliATHERED GRAINS

HO JRS
WMTHERED

as is cl eaned
67.3 67.3
68. 6 70. 6
70.7 69.7
71.9 75.5
69.7 67.8
65.5 64.7
70.9 71.5
70. 3 70.0
72.0 71.1
72.3 73.1
77.5 75.2
67.3 72.6
79.9 71.5
72. 4 70.5
TO | 69. 9



TABLE 32. EFFECT OF VEA' Yr| ERINGON IN VIVO DIGESTIBILITY  OF SORGHUM RATIONS

NON-

ITEM VEATHERED WEATHERED
Digestibility, %

dry matter 55.6 54.0

ni trogen 43. 4 42.1
Ni trogen bal ance

g/ day 9.8 8.7
Volatile fatty acids

total, nml 118.7 100.6

acetic, % of total 59.0 67.3

pr opi oni c, % of total 28.7 19.8

butyric, % of total 12. 3 12.9
Acetate :prionate 2.08:1 3.42:1

-89-



grain either early harvested or reconstituted. Inclusion of silage in
the ration should also be helpful.

Perhaps of greater consequence to the feedlot industry is the soft
nature of weathered grain. Al though the larger anount of fines associated
with weathered grain would not detract from the nutritive value of the
grain, the processing characteristics of weathered grain would be different
than normal grain. Even when weathered grain was thoroughly cleaned to
remove all the fines and broken kernels, m croni zed weat hered grain did
not hold its shape and was still extrenely dusty. Sheep refused nore of
the mcronized weathered grain than of the cleaned or as is weathered
grain.

The lack of structural integrity of weathered grains muy also be a

benefit to livestock in that, generally, the snaller the particle size,

the nore digestible the feed. Although particle size was not determ ned,
results of the in situ trial indicated a clear advantage in DVD of weathered
grains particularly at 24 hr. This indicates nore readily available
nutrients in weathered grain. However, in the in vivo trial, rumnal

levels of total VFA and the molar percentage of propionic acid were |ower

in the steers fed the weathered grain. This might be due to a faster rate
of passage through the runmen of the smaller weathered grain particles

which would result in the grain portion of the ration being digested post-

ruminally and the fibrous portion being fernented in the runen. Si nce
post - rumi nal digestion of starch is energetically nore efficient t han
rum nal fermentation, ruminants fed equal amounts of weathered grain
woul d have a slight advantage over those fed nornmal grain. In addition,

the observed reduction of grain would indicate nore conplete digestion of
weat hered grains. The lack of differences in in vivo digestibility nay
be due to the high roughage <content of the ration.
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CONCLUSI ONS

It seems evident that weathering has consi derably less effect on
the nutritive value of sorghum grain than was originally expected.
Apparently the prinmary effects are the lowered yield and grade, both of
which are suffered by the grain producer.

Despite the rather favorable showing of weathered grain in conpari-
son with more normal No. 2 grain in the multi-species studi es conducted,
it is doubtful that any of the personnel involved would be willing to

recoomend weather damaged grain sorghum as the full equal of nonweathered

grain. Although no evidence of toxic effects occurred in any of the
species tested, it nust be kept in mind that the risk of mycotoxin
production by fungi in weathered grain is always present even though

grain sorghuns seem |ess susceptible than corn, barley, cottonseed and
peanut s. Nothing could be nore detrinental to the nmarketability of sor-
ghum than to have sickness or death of hunans traced to the presence of
aflatoxin in animal or plant products consuned. Whenever noldy grain are
to be used, the only safe way to proceed would be to both plate out
samples of the grain to determine the organisms present and chenically
analyze the grain for the persence of nycotoxins.

On the other hand, the fungi are always presen~ ready to grow when
conditions are right. And there is likely to be low level nmold growh in
much of our normal feed supply. J. Harrison, Consul t ant in Gain and
Forage Storage in the United Kingdom witing in the International,.Journal
of Environnental Studies (1975, Vol. 8, pp. 195-198), nade the follow ng
sunmary statement:

"The visible presence of nmould on food or animal feeding

stuff does not indicate that the food is necessarily  poisonous.
An obvious exanple is the Stilton (blue) chu. Al feeds showi ng
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mould growth nust not be discarded as dangerous; Economi cal | y
the world <could not survive such a policy and famne would

soon follow Many fungal nmetabolites occur only when every
factor in their environnent, such as noisture, t emper at u~e,

food conposition, leads to the nould producing a toxin during
grow h; for exanple, Asperqgillus flavus one of the chief

moul d contani nants of barl ey. This mould produces afl atoxin,
which caused 'Turkey X disease', from which thousands of turkey
poults died in the early 1960's. This paper nentions cir-
cunstanti al evidence that various animal diseases of unknown
origin my well be produced by nycotoxins. It suggests too
that fungi could well be one of the quickes t producers oD,.'use-
able food protein and other necessities, such as fats. Common
sense and new know edge nust be applied when deciding to use

or destroy any form of food."
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	Throughout the world sorghum grain frequently deteriorates in the 
	~field. The term "weathering" has been used to refer to this phenomenon 
	in the United States whereas "seed molding" is often used in other areas 
	of the world. "Field deterioration" may be a more appropriate term 
	since both environmental and microorganism effects are involved. 
	Both sprouting and microorganism invasion result in breakdown of 
	seed components. Deterioration is caused by the interaction of environ- 
	ment, microorganisms, enzymatic activity prior to and during germination, 
	and characteristics of the grain and/or plant. Prolonged rainfall, high 
	humidity, high temperature and alternate periods of wetting and drying, 
	before and after physiological maturity of the grain, all favor deteriora- 
	tion. The kind of microorganisms and their growth rat~ as well as the 
	initiation of kernel germination, are affected by environmental condi- 
	tions. Significant losses from weatherin&which occurred on the High 
	Plains of Texas in 1974,were caused primarily by invasion of the kernels 
	by microorganisms while those in South Texas in 1976 were due to the 
	combined effects of sprouting and microorganisms. High temperature dur- 
	ing an extended period of rainfall accelerated the deterioration process 
	in South Texas. 
	Sorghums are very diverse genetically. Certain plant and kernel 
	characteristics provide resistance to field deterioration. These 
	characteristics include: 
	1) open heads with the seed completely enclosed with long papery glumes 
	(Murthy, 1975), 
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	periods to allow sufficient deterioration to permit selection. 
	Differences in ability of sorghum lines or varieties to resist field 
	deterioration of the grain were apparent (Table 6). The susceptible 
	checks, Tx2536 and SC414-12E, showed the greatest deterioration at most 
	locations, whereas SC279-14, SC748-5, 74PR759, SC566-14, BTX-398, and 
	SCI03-12 were consistently ranked as the more resistant lines. The 
	locations presented in Table 6 provide a comparison of relatively undam- 
	grain at College Station. 
	In general, subjective field ratings provide a reliable index of 
	deteripration although the Lubbock samples were ranked too high relative 
	to those at College Station. This probably occurred because some stain- 
	ing detracted from the appearance of the Lubbock samples, but little 
	deterioration occurred in test weight, germination or kernel structure. 
	Considerable deterioration undoubtedly occurs prior to physiological 
	maturity. Grain of College Station first harvest showed lower germina- 
	tion, test weight and subjective field ratings than the graln harvested 
	at Lubbock. Plants at College Station were tagged at mid-bloom, and 
	physiologically mature grain was harvested at time of black layer forma- 
	tion (35-40 days past 50% bloom). 
	By 30-45 days after physiological maturity, the susceptible checks 
	were severely deteriorated and vast differences existed among the other 
	lines. For instance, only BTX398 and the brown seeded SCl03-l2 had 
	greater than 50% germination. The brown grain contained high levels of 
	tannins which undoubtedly contributed to the resistance of SCI03-12. 
	BTx-398, however, has a reddish-brown pericarp and is not extremely high 
	in tannins. Careful interpretation of these data reemphasizes the_mul- 
	tiplicity of factors affecting grain deterioration and that all grains 
	will deteriorate with prolonged exposure to inclement environment. 
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	l/Test weight was on cleaned grain, free of glumes. Original grain samples (comparable to combine run) were 2-8 lbs/bu less. 
	were steeped in 25.0 mI. distilled, deionized water and conductance was meausred with a conductance meter. 
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	A number of mechanisms for resistance are suggested by the reaction 
	of the various lines to similar environments. A key to understanding 
	grain deterioration appears related to the rate of water uptake by the 
	kernel. The primary entry of water and fungus into the kernel appears to 
	be via the black layer (hilum area) with subsequent movement into the 
	grain and endosperm via the cross and the tube cells. Initial coloniza- 
	tion of fungus appears primarily in the scutellum area with movement into 
	the adjacent endosperm tissue. Several lines appear to resist the initial 
	attack of the seed by microorganisms, for example SCI03-12 and BTx398. 
	Other lines like SC279-14, SC748-5 and 74PR759 lost viability (low germ- 
	ination) yet the endosperm was not severely damaged. Thus, value of the 
	grain for feed would not be greatly affected. Better measures of grain 
	deterioration than germination are needed. 
	The rate of water absorption and the conductivity of seed leachates 
	appear to be related to the extent of grain deterioration and may be use- 
	ful in predicting the inherent ability of a sorghum line to resist grain 
	deterioration. The susceptible lines appear to have more rapid water up- 
	take and higher conductivity of seed leachates than the resistant lines 
	(Table 6) although differences in pericarp thickness, kernel size and 
	other kernel characteristics affect these values. Water absorption and 
	leachate tests may be useful as preliminary screening methods. 
	Future Developments 
	Experimental hybrids, using resistant lines as parents, exhibited 
	better resistance to deterioration than commercial hybrids in South Texas 
	in 1976. Nonbrown sorghum lines resistant to molds have been identified 
	by personnel at the International Center for Research in the Semi-Arid 
	Tropics in. India. Several of these lines have been included in the 
	breeding program and will be available for U. S. sorghum improvement. 
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	Summary 
	Diets containing varYlng levels of weather-damaged milo were fed to 
	broilers, turkeys and laying hens. Diets in which 0, 10, 25, 50, and 100 
	percent weathered milo from two sources (both moldy and sprouted) replaced 
	No. 2 Milo produced no significant adverse effects on body weight or feed 
	conversions of broilers in two experiments. Turkey poults fed diets ln which 
	0, 33, 67 and 100 percent elevator-run weathered grain sorghum was used to 
	replace No.2 Milo performed equally well, indicating that weathered milo 
	had substantially the same feeding value as No. 2 grade grain sorghum. 
	Egg production, albumin height, shell thickness, and mortality were 
	diets were fed in which 33, 67, and 100 percent of the milo was replaced 
	with elevator run weathered-damaged milo. Slight improvements were noted 
	for albumen height and shell thickness. No differences were noted in 
	relation to mortality. Weathered milo, which was severely sprouted and field 
	damaged, had approximately the same feeding value for poultry as undamaged 
	milo. 
	-42- 
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	WEATHERED SORGHUM FOR POULTRY 
	L. O. Rowland~ J. E. Plyler and J.. W. Bradley 
	While published reports indicate that deleterious effects can occur 
	from feeding moldy corn there is little published information on the effects 
	, 
	of feeding sprouted or weather damaged grain sorghum. Sanford and Deyoe 
	(1974) fed laying hens 90 percent field sprouted sorghum as the sole grain 
	for layers and showed improvement in egg production, egg weight and feed 
	convers ion. 
	Sunde et al. (1976) reported that low bushel weight corn (34 or 38 1b) 
	reduced the growth rate of chicks and Leeson and Summers (1976) found that 
	this type corn contained approximately 3 percent less metabolizable energy 
	than standard grade corn. Leeson et al. (1977) also reported a 12 kca1/kg. 
	decrease in the metabolizable epergy value for immature corn for each 1 
	percent increase in moisture. 
	The effect of high levels of af1atoxins and mycotoxins on poultry, par- 
	ticu1ar1y those from AspergiUus fZavus and Fusarium groups of molds, is well 
	documented. Adams and Tuite (1976) reported that corn damaged by Gibberella 
	was harmful to broilers; however, work by Speers et al. (1971) indicated that 
	feeding Fusarium contaminated corn to laying hens had little influence on 
	performance. Bacon and Marks (1976) reported no detrimental effects on 
	either quail or broilers which were fed corn infected with Fusarium (Gibber- 
	e Ua zeae). 
	Peck (1946) reported that feeding moldy corn decreased body weights of 
	chicks slightly while field damaged wheat and moldy corn had no adverse 
	effects on hens. Speers et al. (1977) reported that feeding 16 ppm T-2 
	toxin, 25 and 50 p.p.m. monoacetoxyscirpenol reduced feed intake and egg 
	production of laying hens. 
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	TABLE 8. PROXIMATE ANALYSIS OF MILO 
	a 
	Fusarium moniZiforme, Fusarium graminearum, Aspergi Uus niger, 
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	TABLE 9. BROILER DIETS FED IN EXPERIMENTS 1 fu~D 2 
	Ingredients 
	Nonweathered milo 
	43.51 
	Weathered milo 
	4.84 
	Soybean meal (45% protein) 
	40.36 
	40.36 
	Vegetable animal fat 
	7.62 
	7.62 
	Defluorinated phosphate 
	2.22 
	2.22 
	Vi tamin mixa 
	.50 
	.50 
	Oyster shell flour 
	.44 
	.44 
	Salt 
	.25 
	.25 
	DL-methionine 
	.21 
	.21 
	Manganese oxide 
	.025 
	.025 
	Zinc oxide 
	48.35 
	40.36 
	7.62 
	2.22 
	.50 
	.44 
	.25 
	.21 
	.025 
	36.26 
	24.17 
	12.09 
	24.18 
	40 . 36 
	40.36 
	7.62 
	7.62 
	2.22 
	2.22 
	.50 
	.50 
	.44 
	.44 
	.25 
	.25 
	.21 
	.21 
	.025 
	.025 
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	Experiment 2. Five hundred forty day-old Hubbard broiler chicks were 
	~ 
	floor pens and fed elevator run weathered milo. In addition, a coccidiostat 
	(3, 5-dichloro-2, 6-dimethyl-4-pyridinol) was added at the recommended 
	level of 0.0125 percent. 
	Experiment 3. One hundred ninety two sexed day-old broad white Nicholas 
	turkey poults were fed diets (Table 10) in which 0, 1/3, 2/3, and all of the 
	grain was replaced with elevator run weathered milo. Three replications each 
	containing eight male and eight females were fed for six weeks ad Zibitum 
	in 2.4 x 3 meter floor pens. The poults were injected with Gentamicin at 
	one day of age and were given a coccidiostat during the growing period. 
	Experiment 4. A laying hen experiliment was conducted utilizing 368 
	Hyline pullets 24 weeks old housed in single cages. Typical milo-soybean 
	layer diets (Table 11) in which 0, 1/3, 2/3, and all of the grain was replaced 
	with weathered milo were fed for six 28-day periods. Hen-day egg production, 
	mortality, albumen height, and percent shell were calculated for the last 3 
	days eggs of each period. In addition, eight hens from each diet were sacri- 
	ficed at the termination of the experiment for histopathological examination 
	of liver and kidney tissue. 
	Data for all experiments were subjected to analysis of variance as des- 
	cribed by Steel and Torrie C196D). 
	RESULTS AND DISCUSSION 
	Experiments 1 and 2. Body weights and feed conversion at 21 days of 
	age are shown in Table U. No statistical differences in body weight or feed 
	conversion were found between groups in experiment 1 even though there was 
	a slight numerical decrease in body weight as the level of weathered milo 
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	a 
	b 
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	TABLE 11. LAYER DIETS 
	a 
	D3; 2.2 mg menadione sodium bisulfite; 5.5 IU D-a-tocopherol acetate; 
	-49- 

	Tables
	Table 1


	page 46
	Titles
	Experiment 2 
	body "Vlt. (g) 
	325 
	315 
	317 
	321 
	314 
	a Indicates all of the grain from No. 2 milo. 
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	WEATHERED SORGHUH FOR DAIRY COWS 
	G. T. Lane and R. C. Brian 
	An 8-week comparison of weathered and nonweathered sorghum grain in 
	concentrate rations for dairy cows was conducted at College Station. 
	Twenty lactating Holstein cows were selected from the ,Texas A&H dairy 
	herd and randomly assigned to one of two treatment groups so that the 
	average weight and production of the two groups was approximately the 
	same (Table 15). 
	The treatments were simple concentrate mixtures containing 64.25 
	percent of either weathered or nonweathered grain (Table 16). In addition 
	to concentrate~ the cows were fed alfalfa and hybrid sorghum hay. The cows 
	were individually fed twice daily in experimental stalls where they were 
	allowed appro~imately 2 hours to consume their feed. During the remainder 
	of the time they were kept together in a small lot with access to water and 
	mineral supplements. 
	The cows were weighed on 2 consecutive days at the beginning, after 4 
	weeks and at the end of the 8-week study. A 2-week preliminary period pre- 
	ceeded collection of any data. Milk samples were collected weekly and ana- 
	lyzed for percent fat, total solids, protein and solids nonfat. talk yield 
	and feed intake were recorded daily. 
	One of the questions concerning the weather damaged grain was whether 
	the cows would consume it as well as normal grain. The cows in this study 
	made no distinction between the two rations in voluntary consumption. The 
	group fed nonweathered grain consumed 2.35 pounds of concentrate per 100 
	pounds of body weight per day while the weathered grain group consumed 2.27 
	pounds per 100 pounds body weight for the 8-week study (Table 17). There was 
	likewise, no difference in hay consumption, intakes being 1.88 and 1.84 
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	Two short-term feeding trials (initial pig weights of 15 and 50 pounds) 
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	Table 19. PERCENTAGE COMPOSITION OF DIETSa 
	Ingredients Starter 
	Soybean meal, 44% solvent 
	18.15 
	Sorghum, ground 64.30 
	Menhaden fish meal, 60% 
	5.00 
	Dried whole whey, 12% 
	10.00 
	Ground limestone 
	.20 
	Deflourinated phosphate 
	1.10 
	Salt 
	.35 
	Trace-mineral premix 
	.15 
	Vitamin premix 
	.50 
	ASP-250b 
	.25 
	Oxytetracycline (50 glIb) 
	.05 
	.05 
	Total 
	100.00 
	100.00 
	100.00 
	Calculated analysis, %c 
	Calcium 
	Protein 
	Phosphorus 
	Lys ine 
	b 
	chlortetracycline (100 g), 
	c 
	sDybean meal (44.0% protein, 2.60% lysine), 
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	Sample grade 
	Chemical analysisd 
	aElevator run sorghum purchased from Planters Grain Coop, Odem, 
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	TABLE 22. PERFORMANCE OF 50-POUND PIGS FED WEATHER-DAMAGED SORGHUM DIETSa 
	a28-day test, 16 pigs/treatment (2 pens/8 pigs). 
	sorghum-soybean meal djets). 
	-70- 

	Tables
	Table 1
	Table 2


	page 67
	Images
	Image 1

	Titles
	Treatment 1 
	in grain portion of diet 
	Initial wt., lb 49.1 
	101. 3 
	103.1 
	4 
	(cleaned) 
	102.3 
	a16 pigs/treatment (2 pens/8 pigs). 
	diets fed to 120 pounds, 14% protein fed from 120-~206 pounds). 
	-71- 


	page 68
	Titles
	-72- 


	page 70
	Titles
	Summary 
	Weather damaged grain sorghum produced in the Texas Coastal Bend 
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	ResuZts and Discussion 
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	ference in performance of calves fed all weathered or all nonweathered 
	grain, those fed a 50-50 mixture of the two grains consumed 3.4% more 
	feed than the nonweathered group and 9% more than the weathered group. 
	They also gained 5.9% more than the other two groups but were interme- 
	diate in feed efficiency. 
	a/ 
	Mi 
	60% 
	The 400-pound heifers showed the same pattern of performace 
	(Table 25) as the lighter 300 lb. gr~up in that those receiving the 
	combination of weathered and nonweathered grains gained 6.4% faster 
	than those fed only nonweathered grain and 9.9% faster than those fed 
	only weathered grain. Heifers fed the mixed grains also consumed 
	17.4 and 8.1% more feed per day than those fed only nonweathered or 
	weathered grains, respectively, but their feed efficiency was inter- 
	mediate as was the case with the lighter heifers. 
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	a/ 
	Mi 
	60% 
	When the results for the two weight groups of heifers were combined 
	(Table ~) the difference in gain between those fed only nonweathered or 
	weathered grains was negligible (2.04 vs. 2.00 pounds daily) while those 
	fed the 50-50 mixture gained somewhat more (2.16). Although daily feed 
	intake was about 10% greater for the mixed grain group than for the 
	others, feed per pound of gain was very similar (7.93 vs. 7.59 and 
	7 . 85) . 
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	The major part of variation in performance was attributable to the 
	initial weight of the light and heavy heifers. When the weight groups 
	were combined across grain treatments (Table 27) the heavier heifers 
	gained significantly faster than the lighter ones (2.21 VS. 1.92 pounds 
	per day), consumed significantly more feed (17.5 VS. 14.7 pounds per 
	day) and required about 2.8% more feed per pound of gain (7.89 vs. 7.67 
	pounds). This difference in feed efficiency was expected. 
	When the heifers were slaughtered no evidence suggestive of myco- 
	tixicosis was found by pathological examination of livers and kidneys. 
	The weathered grain used in this feeding trial gave almost the same 
	performance as the nonweathered grain when used as the only grain in the 
	feed mixtures. The stimulation of feed intake and gain by combining the 
	weathered and nonweathered grains is of particular interest since similar 
	results were observed with poultry and swine. 
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	ITEM 
	WEA'YrlERED 
	Characteristics 
	% fines 
	bushel weight, lbs. 
	% trash 
	Composition, % 
	grain 
	52.3 
	52.3 
	cottonseed hulls 
	40.0 
	cottonseed meal 
	limestone 
	Crude protein, % 
	9.0 
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	grain ration was lowest. The addition of water to the rations appeared 
	DISCUSSION 
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	TABLE 32. EFFECT OF WEA'YrlERING ON IN VIVO DIGESTIBILITY OF SORGHUM RATIONS 
	ITEM 
	WEATHERED 
	Digestibility, % 
	dry matter 
	54.0 
	nitrogen 
	42.1 
	Nitrogen balance 
	g/day 
	9.8 
	8.7 
	Volatile fatty acids 
	total, mm/l 
	acetic, % of total 
	propionic, % of total 
	butyric, % of total 
	Acetate :prionate 
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	CONCLUSIONS 
	It seems evident that weathering has considerably less effect on 
	the nutritive value of sorghum grain than was originally expected. 
	Apparently the primary effects are the lowered yield and grade, both of 
	which are suffered by the grain producer. 
	Despite the rather favorable showing of weathered grain in compari- 
	son with more normal No. 2 grain in the multi-species studies conducted, 
	it is doubtful that any of the personnel involved would be willing to 
	recommend weather damaged grain sorghum as the full equal of nonweathered 
	grain. Although no evidence of toxic effects occurred in any of the 
	species tested, it must be kept in mind that the risk of mycotoxin 
	production by fungi in weathered grain is always present even though 
	grain sorghums seem less susceptible than corn, barley, cottonseed and 
	peanuts. Nothing could be more detrimental to the marketability of sor- 
	ghum than to have sickness or death of humans traced to the presence of 
	aflatoxin in animal or plant products consumed. Whenever moldy grain are 
	to be used, the only safe way to proceed would be to both plate out 
	samples of the grain to determine the organisms present and chemically 
	analyze the grain for the persence of mycotoxins. 
	On the other hand, the fungi are always presen~ ready to grow when 
	conditions are right. And there is likely to be low level mold growth in 
	much of our normal feed supply. J. Harrison, Consultant in Grain and 
	Forage Storage in the United Kingdom, writing in the International,.Journal 
	of Environmental Studies (1975, Vol. 8, pp. 195-198), made the following 
	summary statement: 
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