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IITTRODUCTION

It has long becn lkmown in countries where Sorghwis are
growvn as forage that this crop frequently causes the death
of cattle when they are allowed to eat it under certain
conditions. The Sorghwis have been studied extensively
and considerable woric has been done on Sudan grass. There
i1s somes confusion regarding the nomenclature of Sudan grass.
It has been gilven various names by different authors. It
is regarded by some botanists (1) as a separate speciles

under the name Sorghuam sudanense, Stapf., while othcrs (2)

conslder it only a variety of Johnson grass and give 1t the
name S. halepense var. sudanense. Hitchcock (3) in his
recent publication gives 1t the name S. vulgare var, sudan-
enss (Piper) IHitche. There is also some confusion in the
reports of the work done on Sudan grass due to the fact
that most of it 1s reported merely as done on Sudan grass
(4, 5, 6). Sorc Australian wvorkers (2) contend that pure
Sudan grass 1s non=-poisonous but that the various Sorghum-
Sudan hybrilds are poisonous., This paper will consider in
particular the polsonous properties of the commercial Sudan
grass as grown at lilchigan State College. The sced for
this material was produced in Texas and obtained by the

college from the liichigan Farm Bureau,







HISTORICAL

Prussic acid polsoning by the various sorghuwis has been
studied extensively since the ecarly part of this century.
Poisoning by Sudan grass has been studied by comparatively
few men over a much shorter time, In considering the
history of tihls subject it 1s therefore desirable to con-
sider essentially the history of Prussic acid poisoning by
the Sorghums,

The first report of any great loss from Prussic acid
poisoning was made by Pease (7) who reported that great
nuibers of cattle died from eating Sorghum in India in 1377,
The year 1877 was one of extreme drought and was followed by
the dry ycars of 1887 and 1895, vhich were also maried by
the deaths of a considerable number of cattle from the saue
cause. Pease made a chemical study of the Sorghums in 1395
and came to the conclusion that the poison responsibls was
nitrate of potash present in some stems to the extent of
257 and especially abundant at the nodes. This observation
was contradicted in 1900 by Iiltner (8) of llebraska, who
found that in most if not all cases there is not sufficient
potassium nitrate present to produce the observed effects.
He failed, however, to find the Prussic acld and came to the
conclusion that the toxic effect vhich manifested itself at
times was ndt due to a chemaical poison inherent in the plant.

The fact that Prussic acid is present iIn the Sorghwmus




was first renorted in 1902 by Dunstan and Henry (9). In the
same ycar Slade (10) suggested that 2 hizhly poisonous
chenical compound mriisnht be produced by the action of an
enzyme on a glycoside forned in a plant throush a process

of abnorual growth. Slade actually isolated Prussic acid
from a saimle of Sorghum late in 19002, Further worlk by
Avery and Peters (11) conclusively proved that Prussic acid
was the direct cause of Sorghuﬂ‘poisoning.

That Prussic acid poisoning 1s common in practically
all Sorghum producing countries is evidenced by reports
from Australia, Africa, Italy, China, Japan, Java, India,
the VWiest Indies, the Phillipines, Europe, and America,
Actual accurate figures as to the nuwaber of deaths are not
available, but Hiltner (8) states that 144 fatal cases were
reported in a single year but unquestionably this reprecsents
only a smnall proportion.

Investigatlions by other workers have since established
the presence of the Prussic acld principle in other plants
belonging to the Sorghum family. Crawford (12) in 1906
reported it in Johnson grass. Francls (13) in 1915 reported
it in Oklahoma-growm Sudan grass. The wide-spread occurrence
of hydrocyanic acid in nature 1s illustrated by two papers
by Rosenthaler (14) in vwhich he lists 410 specles, 148
genera, and 41 familics as containing the polsonous principle.

The form in which the hydrocyanic acid occurs in the
plant has been the subject of research by many workers.

Slade (10) in 1901 suggested that the poisonous principle,




then unknown, was produced by the action of an enzyme on a
glycoside.

Avery (11) concluded from his work that 1t was evident
that the hydrocyanic acid did not occur in a frese state but
rather in a combined form, probatly as a glycoside as
suggcested by Slade. The conclusion of Avery was confirmed
by Dunstan and Henry (9) who isolated dimwrin, a glycoside
roadily hydrolized by the enzyme ermmulsin, The two English
worizers and the Americans, Slade and Avery (1ll), and Dowell
(15) agree that thie hydrocyvanic acid occurs in the plant
only in the form of a glgcoside which 1s hydrolized during
the early processes of digestion, Willaman (16), however,
contends that the Prussic acid occurs not only as a Zlyco-
side but also uncombined or in a loosely combined form.
Willlaman has some supnort for this theory in the work of the
Itallians, Ravenna and Babini (6), vho in 1909 revorted the
occurrence of free hydrocyanic acid in the lesaves of cherry
laurel, peach, and flax. The Itallans, however, qualified
their conclusions by indicating how readily a small amount
of frec hydrocyanic acid could be produced by autolysis
during the prosress of the experiment. Tuskunaga (17) in
1928 remarized that the aiiount of free hydrocyanic acid is
greater in young plants while that of combined hydrocyanic
acld becones greater but decrcases as the plant matures.
Swanson (5) in 1921 concluded that the hrydrocyanic acid is

not prescnt in the plant in the frce state since it 1s not




liberated by the action of ccid on gre:xn material,
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quanticy. orls Tas becir done tharefore In an effort to
deteimuine the eflect of goil Tertility, soil and atnospheric

riolsture, staze of maturity, and injury such as frost and

<

the dil’Terent parts ol the plant,

The efTect of soll fertility has bewn studied by several
worlicrs, /illaman and Viest (18), in 1015, worliing on Sorghun
Tound that when growm on poor, infertile soil, added nitroge
may slizhtly increase the anount of hydrocyanic acid in the

plant, With fertils soil ond abund
rniay not te produced, DIrunnich (19), in 1003, and Alway and
Truwabull (20), in 1009, concluded that, since fortilizod
plants contained slisihtly nore hydrocyanic acid than w-
fortilized vlants, heavy nitrosznous solls and favorabtle
clinatic conditlions woull increase the ariount of acid,

There 1s some confusion in the literature regarding the
effect of rnoisture on the hydrocyanlic ocid content of
Sorghwis. Sovic of tie early work done on Sorghws seems to
sliow that lcalthy plants in thic best growing condition con-
tained the most hydrocyaric acid. Avery (11), in 1202, cauie
to the concluslion that stunted plants containcd nwore Prussilc

acid than the healthy plants, DJrumnicn (19), in 1203, Alway

and Trucibull (20), 1In 1000, and %Willa=an ead “fest (13), in



1915, all reported thiat thoss plants stunted Ly a lack of
soll noisture contalned less hydrocyanic acld than did the
green healthy olants. 1111ligan (21), in 1909, carie to the
conclusion that atiiospheric huriidity hed a greater effect
on tiiec Prussic acid content than did the soil moisture.
Swanson (5), in 1920, concluded from his data that healthy
green plants contained more hydrocyanic acid than those
growing under dry conditions,

The effect of the staze of maturity has been the subject
of a great deal of research and has led, as Vinall (6) says,
to almost complete agrecment anong farmers and chemists con-
cerning the effect of maturity on the hydrocyanic acid con- :
tent of Sorghum plants., The percentcage of hydrocyanic acid
in the plants decreases steadily from the tilme they begin to
grow until they reach naturity 1f the growth 1s normal.,
Vinall compiled in a table data from the work of Willamnan,
in llinnesota, illenaul and Dowell, in Oklahoma, and Schroecder,
in Urucuay. This data 1llustrates very clearly the fact

-

that the hydrocyanic acid percentage varics as stated above,
Acharya (22) found, in 1933, however, that while the percent-
age decreases gradually, the total amount of hydrocyanic
acid in the plant at Tirst increases and then rapidly
decreases toward maturity,

There 1s avparently a consensus of opinion as to the

distribution of the hydrocyanic ccid in Sorghun plants.

Willaunan and west (18), and Brealwell (23) each carie to the



conclusion that durinz the Tirst threc or four weecks the
hydrocyanic acid is concentratced in ths stalir and from then
on it decreases thecre but persists in decreasing percentages
in the leaves until maturity. Swanson (5) reported sinmilar
worlk from vhilch he concluded that the Prussic scid was almost
entirely in the leaves,

The effect of injury on the Prussic acid content of the
Sorghuns 1s of great interest and has been studied exten-
sivzly. Data presented by Vinall (8) and Acharya (22) con-
firmed the contention that there 1s considerable incresase in
the Prussic zcid ceontent of the Sorghwis due to injury or

drought. Acharya also contends that too intense sunlight,

4]

even in the presence ol sufficient rmoisture, will stimulcte
the production of Prussic acld in the Sorghuus,

Acharya, in 1933, made a study of the variatlions in the
Prussic acid content of Cholam during the day. From his data
he concluded that the hydrocyanic acid content 1s least in
the morning and increases to a maxinum at about 2 p.n., after
wiich there 1s a gradual fall until 6 p.m. followed by a
rapld decrease in the night. IHe adds further that the
variation in Prussic acid content shows a strilzing parallel-
1s:1 to the variation In photo-synthetic ectivity and of
protein netabolisn in the plant and lends suprort to the

hypothesis that the formation of cyarnogenlc compounds is a

norriel part of the protein metabolisn of the plant. Ilenaul

and Dowell (4), in 1019, considered the subject and camne to






the conclusion theat the hydrocyanic acid content was higher

in the riorning than in tr.e afternoon,

contont

The question of the hydrocyanlc acid, of the various
Sorghwi-Sudan hybrids 1s of interest since there is often
consicderable chance for the accidental production of such
hybrids., The worl of lloodle, Ransay and Finnemore and Cox
on this subject has been cited by ileadly (& ). lloodie (23),
in 1929, concluded that pure Sudan grass was non-poisonous
and perfectly safe for feed et any stece of growth. He said
furtier that the Sorghun-Sudan hybrids may contain nore
hydrocyenic acid thian the Sorghum parent., Ramsay (26), in
1929, cane to the conclusion that most hybrids were more
toxic than the Sorghum parcnt and that Sudan grass did not
contain enourh Prussic acid to be dangerous. Finnenmore and
Cox (27), in 1931, however, came to the conclusion that the
hybrids were lower in hydrocyanlc acid content than the
rajority of the Sorghuns.

There has apparently been a consensus of opinion that
second growth is of a higher hydrocyanic acid content than
the original growth. Illenaul and Dowell (4), in 1919, pre-
sented data demonstrating this,

The effect of haying is of interest since 1f the Prussic
acid is renoved or driven off when the naterlal is dried
ruch more Sorghum fodder can be used, Vinall (6) and Swanson
(5) agree that when Sudan grass 1s made into hay it is no

longer dangerous.,




The ariount of Sorghum or Sudan fodier which riust bte
eaten to produce fatal results varies greatly with the con-
ditions. That this is true is evident from the fact that
the hydrocyanic acid content varies greatly. It rniay be
influenced in varying degrees Dby any or ell of the various
factors discussed above., The lethal dose of hydrocyanic acid
for a cow has becn placed at 0.5 to 0,6 grams, On the basis
of this Vinall concludes from the data of several workers
that 7.6 powils of green Sorghuwn or 13.9 pounds of fresh
Sudan grass would be necessary to produce fatal results,
This is on the basis of onc hundred p=r cent liberation of
the hydrocyanic acid., Since a cow will eat 80 to 100 pounds
of fodder a day it is evident that Sorghum or Sudan grass of
0164 per cent and 0065 per cent respectively, as glven by
Vinall, wouvld be extremely dangerous,

The methods of determining hydrocyanic acid have been
the subject of consicderable investization., Francis and
Connell (28), in 1913, nade a comparative study of six
suggested methods:

1. The silver nitrate method in vhich silver cyanlde 1s
determined gravimetrically was found to be applicable only
for anounts of 1 milligran or more of hydrocyaonic acid,

2. The ferro ferricyanide nethod, in viiich the blue color
developed is compored to a standard, -as found to be appli-
cable only to amounts of rore than .5 of a milligramn,

3. & 4. The armonia alu and lead acetate methods were found

to be applicable only when more than .15 of hydrocyanic acid




was present,
5. The mercurous nitrate method was purely a qualitative
ricthod.,
€. The thlocyanate colcrimetric :ethod was found to comnare
favorably with the silver gravimetrilc method. By this
riethod the hydrocyanic acid 1s distilled into potassiun
hydroxide., A portion of the distillate 1s treated with
ammoniuwn sulfide, evaporated to dryness, acidified with
hydrocholoric acid, filtered and treated with ferric chloride;
the resultant cherry red color 1is compared with a standard.
Sriith (29) 1is reporting the work of several collaborat-
Ing chenists nmade the following conclusions:
1. The prussian blue colorinetric method was the longest
and most coriplicated of the threce studied and offered the
most chance for error. It was applicable to materiel contain-
ing volatile halides.,
2. The allkalil titration method was the sirmplest in that 1t
consists in the titration of the distillate (in sodiun
hydroxide) with standard silver nitrate to the first turbi-
dity. The end-point In the titration was rather difficult,
especially in the presence of organic matter,
3. The acid titration method was found to be the most
accurate, In this method the hydrocyanlic acid i1s distilled
into standard silver nitrate, the silver cyanide flltered
off, and the excess silver nitrate is titrated with standard

otassivu thilocvanate., The end-point in this case was rot
P N




ideal but it was considerably better thaon that for the
alizall niethod.

Acharya (22), in 19233, studied the three methods listed
above by Smith and came to the conclusion thet the alkali
titration method was best suited for a routine analysis of
a large nuaber of saiples, Acharya used this method in his

viork which will be quoted later.
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The exnerliiental portion of this
(1) a study of the sugsested ictihiods and a selec
of them, (2) a study of the effcect of the stage of growth
on the hydroecyvanic acid content, (3) a stuly of
variations in the hydrocyanic acid content, (4) a study of

EN

the hydrocyanic acid content of somie lmown hybrids, (5) a

~ooa

study ol the hydrocyanic acid content of second growth and hay.

Study of ilethods
The suvudy of the iiethods resolves itsell into two

varts, (1) a study of the —eth
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cvanic acid clf, (2) a ctudy of the apnlication of the

3

ricthhod to nlant raterial,

Thre2 nethods of cdeternining hiydrocranic acild vere
considered:

l. The Allalil Qitration !lcthod.

In this method the hydrocyanic acid is distilled into
albout 27 sodiun hydroxide The distillate is then titratzsd
with 0,02 Il silver nitrate until the {irst permanent turonidity
apnenrs, This method was found to be satvisfactory wit
solutions, hbut unsatislfactory when used wi
from plant naterial, The distillate becae darlt colored vhen

titrated and thils darlening made 1t imposcible to determine

2o The Pruscian Dlue ilethod,

Iiydroxide and made up to a definite volume, An aliquob por-




tion of the distillate is concentrated below 70° by meens of
a vacuwin pwip and a condensor to 1 cc, or less., Freshly
rrepared ferrous suwlfate and a small aqaount of potassiunm
fluori’ e are added and the flaslt exausted for 5=10 niinutes.
The mixture is acidified with 307 nitric 2cid and the blue
color developed compared with a standard,

It was found that knrowm anounts of potassium cyanide

could be deteruined accurately as shown by Table I,

TABLE I
DETUIRIIINATION O HYDROCYAIIC ACID BY PRUSSIAII BLUZ [ETIIOD

Trial .. BECI added .. deteriiined Per cent recovery
1 1.2506 1.2142 97.09
2 " 1.2856 102,79
3 " 1.196%7 95.69
4 " 1,326 106,08
Average = 100,412

It was noticed that thiere were some variations in the
color and a considerable variation in the values determlined
for the various samplcs (sec Table I), This method was not
used because therec seciied to be considerable chance Ifor
error and also because 1t 1s applicable only for aounts
of 5 milligram or more of hydrocyanic acid. In many cases
the amount of hydrocyanic acid in a reasonable sized sarple

1s considerably below .5 nmilligram,
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3e The Acid Titration ilethod.

By this method the hydrocyanic acid i1s distilled into

standard silver nltrate., The distillate is filtered throuzh
titratbe

ar
s
I

jalvistel

a Couch crucible and the excess silver nitraEeAw{t1 standard J

potassium thiocyanate using ferric alwi indicator, :
It was found as is showvm by Table II thaet knowm amounts ‘

of potassiwn cyanide could be determined accurately,

TABLE II

DETERIIINATION OF ITYDROCYAILIIC ACID BY ACID TITRATION IIETIOD

Trial 1iz. ECH added 1lIg. determined  Per cent recovery

1 2,000 2.0033 100.11
2 " 1.,9175 05.88
) " 1.92583 96.92
4 " 1,0682 _._98.41

Average = 97.84

Since the Prussian blue netiod was not annlicable to
aslounts of less than .S milligram the acid titration method
was tried with plant material. The material was produced in

the Botany green house by the courtesy of ir. Beaoskow.

Two methods of preparing the saiple for distillation
were considered:

1. The llethod of Acharya (22).

By this mcthod the sarple was cut up and ground in an

iron mortar and extracted with water until the volume of the
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oxtract was 1000 cc. The pulp was then placed in a flask
and covered with water and bothh were allowed to stand 24
hours. Then the puly and 500 cec. of the extract were
distilled and thie hydrocyanic acid content determined. The
seecond half of the extract was allowed to stand another 24
hours and then distilled. If this portion was found to gilve
a higher value that value was used and the total hydrocyanic
acid content of the sample calculated,

This method was checked and discarded since as Table
III shows there was no hydrocyanic acid left in the pulp
and there was practically no difference betwecn the two

portions of tle extract,

TABLE TIII

TiI3 DESTERLIIUATION 0 HCH BY TIZ IETEOD OF ACIARYA (22)

-— —

Sample L.illisranas of IICH

Pulp 24 hour 43 Tiour
filtrate filtrate

1 - 264 .864
2 - . 567 « 562
5] - . 637 .648
4 - .648 .621

From the results obtained it was decided tlat this
method of preparction was not necessary.

2. The ‘ethod of the Association of 0f7iciel Agricultural

Chemists (30).

In this method it was suggested that the sample bhe




ground to pass a 20-mcsh sieve, placed in a Xjeldahl flasi
with 100 cc., of water and macerated two hours at room
tenperature, Another 100 cc. of water was then added and

the mixture was steam distillcd into acidified silver nitrete.

Since there was such a discrepancy between the macer-

v)

ation periods suszested by the two nethods a seories of

[

analyscs at various intervals of tiac was made., For this
work dried material from one of the Dalry Deportuent pasture

fields was used. The recsults are given in Table IV,

TASLz IV

-

T DaATERLIVATION OF IIYDIOCYANIC ACID AFTER VARYIUG PERIODS
O IIACIRATION.

Sarple Time of llaceration ilg. HICH Determined
1 0 hirs, .615
2 2 .648
3 4 .637
4 6 .669
5 8 .G75
6 12 .648
7 16 .532
8 20 .583
9 24 702

This data indicated that the hydralysis was probably cormlete

after a two-hour maceration period.

In order to maie a thoroushh cliecii of the rethods
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sclected a seriess of determinations was ade 1In which

TN

potassiun cyanide was added to the plant material and then

deter.ined. 71he results obtainecd are preserntved in Table V,

TABLE V

RECOVZRY OFF ADL=D HYDROCYALIC ACID (AS KCii)

- e e e e e . W % . e e e e ® B . ——— - ————— - = & S - e — e s n +

Trial 1lg. IICH IIg. in check Total in 15 Per Cent
added sample cst sawle rzcovered recovered

0008 756 1.1772 4212 109.34

nn K
0]

536 1.2096 .5510 01.12

" .O015 L0072 « 0456 39.72
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7902 103,74
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This data was considered sufficicnt to warrant the use
of tilre acid titraticn and the :rethiod of the Association of
Official Agricultwral Chenists in the rest of the worls

reported heocre., The nethod of the Assoclation of 0fficial

(=

ALoricultural Chenists was used with sone clisnht variations,
The sa.mle wac cut in small pieces and ground in an iron
mortare A one litzr round bottomed flasl vins used instead

of a Kjeldahl and 300 cc., inctead of 200 cc., of water was

o

EfTect of Stace of Crowth
ateriol Tor the study of this subjecet was tallen from

the soutbthicact portion of tae first dalry rpasture field.

4




A corinlete serics of analyses was .nade from the tine the
materinl was J0-5 inches tall until it was 50 inches tall and
headed out. All samplss were taien at 10 a,:, The plants

were cut close to thie ground and tea'zer
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laboratory viiere they viere cut up with scissors and nixzed.
From this material samplecs to e distilled and for dry
welslhit were weigled ont., Ten plants were also measured
and weighed and the average taken, The sarmples for dry

- (4 VA 4
vielght

were drizd to a constant vwielght at 100 degrees
centicrade in a vacuum oven. The data obtain=d is prescnted
in Table VI, and Fig. 1. The nuwiber of milligramns per 100

vlants was calculated fron the average weight per plant and

the total nwaber of nilligrans iIn the sanple used,

TAZLE VI

EFFECT OF STAGE 0O GROVIN

llaterial Age in Heicht  Vit./plant  J HCU el tig. HCN/

days 1in inches 1in grams fresh wt., dry wt. 100 plants

- — — - - e - - - -——————

Sudan 24 5=5 .12 .01302 .0699 1.563
Grass
" 26 Ded=DeD .125 «01493 20779 1.366
" 238 4-6 1.45 ,01449 0783 2.1
" 29 0D .15 0126 0833 1.29
3 26 01581 .0850 36003
" 35 8.9 42 .0100° 0763 4,575
" 36 12 o7 .00859 .0542 5,02

" 39 16 l.4 .00503 0427 8.45
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TABLZ VI (Continued)

- —— - -

laterial Age in Height  Wt./plant 7 ICH 5oncn gl 1cu/
days 1n inches in gramns fresh cut dry cut 100 plants
Sudan 41 24 343 .00252 .0130 8,31
Grass
" 47 31.7 6 ,00085 00525 5,13
" 50 31 4,6 .00048 .00237 2,2
" 53 3G .7 7.3 .000342  ,00205 2.5
" 57 47 ! .000121  ,00069 1.64
" 60 50 16 .000112  .00059 1.8

Diurnal Variations

In order to obtain information on the diurnal variations
convet )
in the hydrocyanic acid,of Sudan  rass six series of analyses
vere .i1ade. The detzrailnations were nade at tvo-hour inter-
vals between 6 a.ui. and S p.nt. The procedure used was as
described under Effect of Stage of Growth, The data

obtained is presented in Table VII and Fig. 2. The data for
July 5, 10 and 22 renresents original growth froa the south-
east portion of dairy field llo. 1. Illaterial fromn dairy ficld

¥o. 3 vras used July 17 and 26. Second growth material fron

field l'o. 1 was used August 12,
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TADLZ VII

DIURIAL VARTATIONS

Per cent IICIT (Ary weicht
Tine of Day 6 a.ale 8 a.ae 10 acie 12 . 2 Dele 4 Dele O Delle

Datc 42z in

days
" 10 41 0353 02783 L0018 .0200 02556 ,0272 L0220

L 37 .0

[LaN
O
@

0280 ,01C83 ,0132 0065 L0123 .0232
"2 95 .0C12 .0019 .00205 ,00149 ..0010 ,.00075 ,00105
o265 46 .00176 ,00346 ,00375 ,00C23 ,00194 ,00273 ,00122

Aug.12 2nd. 00508 ,00528 ,00273 ,00286 ,00437 ,00444 ,00527

crowth
15 dars old

In an effort to obtalnl an explanation of the observed
variations the weather data for the days Involved was
obtained from the United States tieather Turcau ot East
Lansing., Teble VIII presents the hourly te wmerature in
degrees Farenhelt and the sunshine iIn pcrcentace of the

total possible. The values 1 represcnts 100 per cent sunshine,

TADLE VIII

WIATIZIR 010 Da¥YS DIURIAL VARIATIOL WAS STUDILD

—— - ——-

Date Tliie of Day 6 8 10 12 2 4 6

- . ———————e > > W= W e s = = - -

July 5 Terp. OF 70 73 84 87 83 87 87
Sunshine .02 1,0 1,0 1.0 1,0 1.0 1.0
July 10 Temn. °F 67 72 81 84 84 85 84
Sunshine .87 1.0 1,0 1,0 1.0 1.0 1.0
July 17 Terw. °F 61 69 €1 84 82 82 61
Sunshine 77 1,0 1.0 1,0 1,0 1,0 1,0
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TABL:Z VIII (Continued)
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Date Time of Day

July 22 Temn. OF 70 74 83 84 35 £3 62
Sunsnine 0 2 1.0 A 1.0 . 9
July 286 Teup. OF 63 67 79 52 83 84 83
Sunsiine .03 1.0 1.0 1.0 1.0 1.0 1.0
Auc. 12 Terp. OF 2 77 a7 88 87 54 79
Sunshine 1.0 1.0 1,0 1.0 1.0 1.0 1.0

The liydrocyanic Acid Content of Some Hybrids.
A study of some Sorghum=-Sudan hybrids was made 1In an

effort to determline the relative anounts of hydrocranic acid

in imovm hybrlds and the available Sudan grass and sarly
Arber Sorghum. The material used and its source are nre-
sented in Table IX.
TADLE IX
HYBRID IATIRTIAL AID ITS SCULRCE
llaterlal Source
Early Asiber Sorghun C. R. liegee, i:iichizan State College
Sudan grass " " " n "
Sorcmwea x Sudan (tall) J. C. Ireland, Ol:lahona A & I "
n " (short) n " " " "

Orange Sorgso X Sudan(Fg) Re ©. Karper, Texas Agr. LZxp. Sta.

Leatl #.C. 6610 x " ™" J. C. Stephens, U.S. Dent. Agr. Du.
Plant Incdus.




nen at 1 nan, and treated as
previously described, Thils naterlal was grovm in the exper-
imental plots of the arn Crops Departisnt, The data
otbtalned is »nresented in Table X.

TAZLE X

VI IIYDROCYATIC ACID COLTEIT O S0 ITYDRIDS

liaterial Ace in  lleiznt B Hoxt! ;5 ECU
days in inches fresh cut dry cut
Early Lmber Sorzhum 29 2.4 0421 223
" " " 47 2 0103 .0757
" . " 5 63 .0036 .0261
Sudan x Sorgo (tall) 29 11 0353 20321
" " " 4% 27 .0159 .1144
" " " 53 50 .00326 .0257
Sudan x Sorgo (short) - - - -
" " " 43 25,5 01756 .12G67
" " " 57 o7 L0037 .0264
Sudan x Ora:rge Sorgo 290 12.5 0237 183
" " " 44 33 .0005 L0206
" " " 61 51 ,0039 .0191
Sudan x Leotl o0 15.7 L0273 142
" " 44 5 .003553 .0224
" " 61 59 .00038 .0048
Sudan Grass 30 11 .C133 .13502
" " 47 5060 0053 0205

" " 57 55 .0023 L0117




The Ilvdrocyanic Acid Content of Secend CGrowth & Hay

-

In order to obtain information in tiis suy; three
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analyses were nade on ncterial fron the experinental nlots
of the Departient ol IFarm Crops. A sample of the original
growth was tallen July 9, vlien the plot was beinz cut for

hay. Ileven days later tlic second srowih and the hay vere
analysed. The procedure was the sare as descrilbed before,

The results are presented in Table XI.

a.beL_a XI
HYDXOCYATIC AICD COMYWZIIT O SZCOID GROVTI & IAY

lMaterial Are in Days Icight, inches [JFCIH (dry wt.)

ar

Original growth 54 36 .0196
Second " 11 18,7 .05G0
Hay 11 56 .00118




DISCUSSION
liethods for Deterimining Iydrocyanic Acid
The alltali titration wnstiod proved to be unsatislactory.

It was possible to detecrmine Imowm ailounts of votassiwn

vanide in a pure solution, but the distillate from plant

PS

mnterial became darit colorad wnen titrated, This dariening
Smith (29) says was caused by the presence of organic matter

ancd nade the titration practically irnpossible,

l..k

The Prussian Dlue coloriretric metnod proved to be
fairly accurate in nure solutions as indicated in Tatle I.
There veaw, however, variations in the colors which made thm
diflficult to rnatch. This metiod is long and commlicated and
offers considerable chance for error as indicated by the

-

These resuvlts confirm tile oninion of

H

variations in Table
Smita (29).
The acid titration niecthod was found to be simpler than

an blue nethod ard less subisct to ecrror as inrdi-
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cated by the suall variations in Table II, The end point,

however, 1s not as clear as nisht be desired., These results
acaein confilrm whe findinss ol dth

i.ethod for Preraring the Sarple

I

W.er the method of Acharya (22) for preparing the sanle

vas comared with tihe sia 7-\1;'\11 one surcs
(SR e lon oo ulis LILD —~i 11 v Hov
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otions of Official Agricultural Chenlsts (30) the former weos
found to be unnecessary as shovn by Table IIT

shows that the two-hour nacerallon pecrliod su



witnh otlier revorts on the subicct of scasonal variations,
Vinall (6) states thsat there is aliost complcote agreerent

: far.ers and chenlsts that the percentage ol hydrocyanic

i

1

acid decreases steadlily from the time the plant starts to
grow until 1t reaches natvrity if the crowth is normal. The
data precented in Tabvle VI and Mijz. 1, howsver, indicates
thiat tiie vercentage of hydrocyanic acid at firest Increascs
end tiien gradually decressas tovward ncturity. There Is,
however, considerable differcnce in the wnntericl used. In

the tavle given by Vianall, on the sub]
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wvas started on naterial 30«44 davs old and 8-26 Inchos hir

f..

onditlions are not given, The :mterial uvsed in

6
3
Q

this vioriz was 24 darys old at the svart =snd only 3-5 inches
tall. The secz2d was planted oy 50 and during the first rionth
crowing conditions were very poor. The nornal rainfall for

<Q

June 1s J.,21 incnes whiile tlie rainfall for Junec of this ycer

725 vhile this vewsr June received only 5477, This excess
rain and defficient sunshiine may be a factor causing the

discrepancy, or thie fact thiat Founcer materiel was studied

1nilligrans of hydrocyanic acid per 100
colwmn 6 of Table VI and in IPiz. 1, it is showm that the

totel a.ount of hydrocvanic acid at first incrcases and then
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cradually decreascs toward matuarlity. nis is 1in comiplete
asrceqsienc with the conclusions Acharya (22) vho is the

only worizer to report on this subject to dat
Diuvrnal Variations
The divrnel veriations as Ziven in DTable VII and Flg. 2
shwow that with one exceptlon tire hydrocyaaic acid contvent
of Sudan grass tends to decrease during the :ornins and rise
asain in the afteranoon. This 1s in exact disagresment with
the conclusions and data of Acharya (22). (The e:xceotion
very young naterial and wnfortunately
is iIn agreecuient with

d was for

Thiis one cacse
in agre=stient with the

ated,

could not be rep
va.,) It is,

Acher hoviever,
The worlr of llenaul arnd

wori of
in that tle data 1s only
£ day

tlie
worit of Illenaul and Dowell (4)
Dowell, howvevsr, is very Iiancomplete
for riorning and afternoon of onc date and thz time of
is not mentioned,
;o hard and fast conclusions should be dravwn froa thils
woryk on diwmal variations until it has te~2n repcated for
several yecars, The hydrocyanic acid content 1s s:mall and
tlie variations wre proportionally small and there 1s con
siderable chance for crror due to the fact that it 1s
impossible to obtain exactly waifo:wi saiples,
IIyorids
The hydrocyanic =2cid content of tlie Liybrids studicd as
aricd betveen tliat ol Early Amber Sorghun
grovwn here., Thils 1s not

Table X va
A ~rass as

given in
cormlerical Sudan

and the
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in agreerient with the wori, cited Ty lleadly (2 ), of
(25) or Ra.say (208), Lut confirais the conclusions of i
aore and Cox (27). There 1s, of course, no recason to cxnect
exact agrecuent, since the hy:riis used are very 11ii:ly not
the saue,

The Australian woriiers loodie (25) and Ramsay (23) eech
contend that pure Sudan grasc is not dangerous at any stage
of growiii. The data vdresented in Table VI indicates that
the coracrical Sudon grass as growvm here this ycar vould be
dargerous at least until 1t was 106 inches high, at vhich

n

tine 13.Y pounis of

gram of hvdrocyanic acid. This amount according to i

()

Fal

(6) would be sufficient to »nroduce fatal rosulits if it were
all liberated, This differaence of oninion as to the btoxicity

of Sudun grass hiere and In Australia may be explained by a

fact rmentioned »y Vinall. Iie sars that there is much less
Prussic acid poisoning renorted in the soubiicrn than in the

nortierr. portion of the United Statzs. All of Lustralia lies

]

north of 40 de

L

Sress south latltude vhile Zast Lansing lizs

3 4

betweecn 42-45 desrees north latitude., Thie reason for this

climatic variation would bLe a ctulr of mmeh interect,

Sccond Growvilr and Ilay

he composition of the hay and resuvliting second growth
as orecsented in Table XI shows that tlhe hivdrocyanic acid
content of hay is considerablbly lsss than that of the original

TR 1,2 . . N A T X} ety
crowth, This is in agreerent with Swanson (5) and Vinall (0),

e A e & . e
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M e AR gy P U S 1.7 T ] R R o - an Al Fal [
Tal:ls 11 elco ciows tihiat tiie hirdrocyaric acid ceontesit ol this
- . . R T Y . 4~ 1.7 i o - 2 .. LI R LY . o I Kol
szcond growtiy et Uiz stase Lecteld was Tishor thaon St of

il B! 1.
i

Ve . T he ZeBR L e
the orisinal growth, lien, hovever, bt Ly rocyonle ocld

content of the secono rrowth 1s comp rad to that of a suiple
of orizinal growhlv of comprrable sizz, Table XII, there is
geen to te little differcence. This contradicts tlic prev-

I T

alent opinion thwt szcond srowtl 1s to-e toxlc tihaon the

original., This may be capnlainsd by the fact that the secord
srowithy has not been compared with orisinal srowth of the

TATLE XII

A COPARISOIN 0 SLCOIID AU'D ORIGIVAL CGROVTII

- - - 3TaY - - N4 JTONT
Sarwple and Source ilfeight Pcr cent I'CH
in inchnos (dry wt,)

Sccond growth (Table XI) 12,7 0560

Original " ( " VI) 16 .0127

- - -

o conclusions should ke rede on thils subject until a

~ b
|4

serics of analysecs has been nads on iral and
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c
2 ol mroiith.

It appcars Ifrom the aveilable data that the second srowth
riay be little if any nwore dan

crowth atc the sae stagse of srowth,.
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COLCLUSIONS
1. Thec allall titration :ctihol was found to e the most
satisfactory,.
2. Thc poureentage of hydrocyanic acid In trhe corriercial
Sudan rrass at first rises and then Zraduvally decreases to-
vard maturity,
e The corv:icrcilial Sudan grass as grovm at ldiehizan State
College this year contulins sulficicent hydrocyanic acid to be
dangerous abt least until it is 16 inches tzll,
4, The totel amonint of hrydrocyenic aclc ver plant at flirst
ircreascs ana then faulls off toward naturlity.
5. The hydrocyanic acld content varies during tle day, beling
in gencral hichest 1n the norning and cevening and lowest in
the rilddle prort of the deaye.
6. The hybrils tested contelinsd nore hydrocyanic acid than
Sudan grass and less than the Zarly Anber Sorghunm.
7. he sccond growhth does not necessarily contaln ore
hydrocyanic acid tlan the original growth at the sane sta
of crowth,
8. Ilaying causes a very Gecided decrease in t2 bhylrocyanic
acid content,
O. Due to the fact tiat this work covers only onc season's
work the above concluslons should not be talien as final
until the worl has becn repcated dauring the course of several

vears,
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