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INTRODUCTION

Kansas annually prodtiC«t about one-half iPllUon acr«s

each of sorghum harvested for dry forage and sorghum har-

vested for silage. Yields are generally low. In 1961 the

average yield of sorghuiB harvested for silage was 10. U tons

per acre, while the average yield of that for dry forage

was 2.6 tons per acre. These yields seere much lower than

what Is feasible In a practical way when yields on experi-

ment fields and stations are considered.

Visual syiBptoffiS, as prevail In late sampter and early

fall, suggest that forage sorghuw Is generally nitrogen

deficient. Lodging and other problems which way be associ-

ated with nutrient supplies also prevail.

Nitrogen deficiencies lower protein content as well as

reduce yields. Although protein content Is not so critical

for rtanlnants as for nonrutnlnants, it warrants consideration

since higher quality forage reduces or eliminates need for

protein supplements.

The problem of forage sorghtMBS accumulating nitrates

to concentrations toxic to livestock has caused a certain

degree of reluctance by farmers to apply nitrogenous fertl*

liters. Nitrate accwnulatlon Is largely dependent on mois-

ture conditions and levels of available soil nitrogen.

Since many areas of Kansas experience periods of irregular

rainfall, nitrate toxicity should be considered.



Very little Information l« available concerning ferti-

lisation of forage aorghujR, while a great deal la known

about the nutrient requirements of grain eorghuw. For thll

reaaon, fertility triala of both grain sorghum and foraga

aorghtsn were conducted on the sawe locations. Thus, a two

year study was undertaken to (a) determine yield reaponaea

(grain and fodder) of forage aorghuKj produced under Kansas

conditions with various applications of nutrient elements}

(b) to measure effects of nutrient applications to the soil

on protein content of forage sorghum and grain sorghum;

(c> to ascertain the accumulation of nitrate nitrogen In

forage sorghum plant aiaterlal produced under various ferti-

lity levels J and (d) to compare grain yield responses of

forage sorghujc to fertiliser application with those obtained

trtm grain sorghuw produced under the same environmental

condltiona*

REVIEW OF LITERATURE

Kansas sorghua; production has become of greater Im-

portance during recent years, introduction of hybrids. In-

creased acreage under Irrigation* and wider use of ferti-

lisers have all contributed toward higher yields. Sorghuns

can withstand more heat and drought than corn but respond

to favorable irolsture conditions. Grain sorghw) (32) has

been grown principally In the western two-thirds of the

state, but In recent yeara considerable acreage has been



pUnted In eastern Kansas. Forage sorghum is grown over the

entire state end Is the most Important cultivated forage,

Review of Sorghots Fertilisation in Kansas

In 1922, the U. S. Department of Agriculture issued a

bulletin (12) stating that since most of the sorghiffl» plan-

tings were on comparatively new land, little fertiliser was

used. The llfflttng factor was rainfall ^nd not soil fer-

tility. A similar bulletin {l|2) was Issued In 191*0 which

stated that the use of fertilisers did not pay and even

barnyard tnenure was of little benefit to sorghums.

Some of the earlier studies and conclusions concerning

the use of fertilisers on sorghunss way have been Justified.

During that period many areas of the state had been wider

cultivation only a few years. The plowing down of virgin

sods released sufficient amoimts of nitrogen and other ele-

iRcnts to supply ntitrlent requl reiRsnts of sorghtoRS. As

cropping continued, a decline of plant nutrients occurred

which eventually resulted In deficiencies.

Daring recent years, detailed fertility studies with

grain sorghum (9, 20, 21, 22) were conducted In many areas

of Kansas, increased yields have been obtained with appli-

cations of nitrogen and phosphorous fertilisers, particu-

larly when moisture conditions were favorable. In 1956,

Smith (36) concluded that since sorghums grow during the

hoi, dry part of the sunaier, fertiliser response is influ-

enced greatly by weather condltlona. Fertilisers cannot be
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expected to give good response when BRoIsture i« Incdeqaate.

Protein Content end FertUl«etlon

Diverse results have been obtained In regard to protein

content «« affected by nitrogenous fertllixera. Results of

•one Indiana cxpcrlirsents {S6) concluded that large yield

Increases In relation to the quantity of nitrogen applied

are usually accowpenied by no change or a decrease In the

protein content of the crop. Small yield Increases in re-

lation to the quantity of applied nitrogen resulted In an

Increased protein content of the crop, rerlllizers other

than nitrogen which Increase yield will tend to decrease

protein percentage.

Research with corn at Missouri (53) »howed increases

In protein of stover as additional nitrogen \«fB8 supplied.

R«;sults indicated that substantial increases in protein

content of grain occurred only urtien nitrogen was present in

STTOunts above optitRum for yield.

Investigations with grain sorghum in the lower Rio

Grande Valley of Texas (5) showed significant increases in

both yield and protein content of the grain and stover,

protein content of grain was increased from 6.58 percent to

7.92 and 10.39 percent by applications of 60 and 120 pounds

of nitrogen respectively. The protein content of stover

was increased from 2.38 percent to 3. 08 and U,58 percent

respectively.



At present there teems to be no definite basis for pre-

dicting an increase in protein content of a crop as a result

of nitrogen ferti Heat ion (26). It appears to be easier to

increase the protein content of the vegetative portions of

plants than of the seed,

Mitrate Acctinsulation and Toxicity

Among forage crop plants, forage sorghun (39) as well

at corn and sudangrass possesses great tendency for nitrate

accuiculatlon. Certain weeds ere also known to acctaiaulate

nitrates in large amounts. Quite often, where weeds are a

problem) in a forage crop, they t^ay be the actual cause of

nitrate poisoning. Common weeds are listed below (36) in

three groups according to nitrate content:

I 11 xn
High IfodiaiB LOW

Stinging nettle Ooldenrod Milkweed
Elderberry White boneset Dandelion
LjLBibsquarters Purple boneset Yarrow
Redroot pigweed Aster Llnaria
White cockle Mints Meadow rue

Velvetweed Foxtail Willow
Smartweeds Ground cherry Dogweed
Burdock Clnquefoil Splrea and
Canada thistle plantain and other shrubs
Hounds-tongue others

Nitrate poisoning (16, 3k t 39) occurs when rianlnantt

constine high concentrations of nitrate in feedstuffs. Tha

free nitrate after Ingestion by the anieal is converted by

runen bacteria to nitrite which does the actual damage to

the anitnaPs systeci. Nitrite in the blood converts oxygen

supplying hemoglobin to methemoglobin which docs not release
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oxygen to the body tissues. This may ceuse desth from suf-

focation.

The university of Wisconsin ($1) has established cer-

tain levels of toxicity along with the syaptoms which

accompany these levels. However, it should be pointed out

that there are ncnnerotts factors which Influence nitrate

toxicity and that no single leval way be toxic under all

coadltlons. For exanple, animals In good condition and fed

a ration high In carbohydrates and protein can withstand •

higher Intake of nitrites.

percent of entire dry
watter In rations Symptotps

(A* IIO3)

Below 0.3 No harm If on good facd.

0.3 - 0.55 Off-feed, slow drop In n>llk,

some abortions.

0.61 - 0.92 Foregoing symptoms plus
sudden drop In milk, more
abortions, some death.

Over l.O All the foregoing syrpptows
plus sudden death of several
anit!)als.

Consideration should be given to the pechanlsm of ni-

trate reduction In the plant. Most of the soil nitrogen

available to planta Is present in the forn of nitrate (33)*

Before the nitrogen can be of any use to the plant, the ni-

trates wust be reduced to other fortrss (I6, 27, U6) . Th«

nore generally accepted proposed pathway of reduction aiay be

demonstrated In the following scheme (27, 30. 5U)J



NO3" —> N02' —> HgNgOg —> NHgOH —> W^*
Kyponitrotts Hydroxylamine

sctd

The flrtt ttep, the conversion of nitrete to nitrite

by the encyeie nitrate reductase, requires rcolybdenum. Ni-

trite is reduced to hyptmitrous acid or hydroxylamine by

the enzyme nitrite reductase. There is 80»e doubt concern-

ing the formation of hyponitrous acid although it has been

postulated as an intere>ediate between nitrite and hydroxyla-

mlne for e number of years. Hydroxylsjslne is catalyzed by

hydroxy 1 an ine reductase to atmonia in the presence of some

metal.

Environmental Factors Affecting Nit rata
Accumulation in Plants

Supply of Nitrogen . There is general agreetncnt aiDong

workers that as levels of nitrogen increaaa plant accumula-

tion of nitrates also increases. Reports from various

sources verify this (k, 6, 15» 25).

phosphorous and PotessjoBt . Contradictory reports have

been made concerning the roles of phosphorous and potassiufn

In nitrate accumulation. Increases in nitrate content of

plants resulting from additions of phosphorous have been

reported by Hanway (30) and Doughty and Warden (7). On tha

other hand. Nightingale (29) and Richards and Tewplesjan (31)

have found nitrate accumulation to be wore prevalent when

deficiencies of phosphorous occur. Wall {kk) observed that

nitrate content was lower in potassium deficient plants.
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while Rlcherds and Teippl«Kftn OD found more nitrates where

potaseitiffl deficiencies occurred. Wright and co-workers (50)

^served that neither phosphorous nor potassiun affected

nitrate content of panicgrass. Sund (30) reported that when

high rates of nitrogen are applied, nitrate accumulation

cannot be reduced wUh heavy applications of phosphorous or

potassiwQ.

Sulfur , Celciuir , and Trace Elegients . This is perhaps

the least explored area of research concerned with nitrate

accureulation in plants. Perhaps this is because deficien-

cies of these elements are rarely found in field studies.

Eaton (6) and Nightingale (26) reported a higher ni-

trate content In plant material where sulfur was deficient.

Anderson and Spencer (2) found high nitrate accuomlation to

be associated with e low protein content in sulfur deficient

plants.

Calciuis has been reported to have some effect on ni-

trate eccuBfulatlon. Skok (3$) observed that calcium defi-

cient plants were unable to absorb or assimilate nitrates.

HolybdenwR has been given more attention than other

trace eleinents because of Its association with nitrate re-

ductase. Anderson and Spencer (I) found accumulation of

nitrates in flax supplied with nitrate but no seolybdenuis.

Wilson and Waring (U8) observed that wolybdenun? deficient

cauliflower leaves accumulate nitrates.

Hewitt and co-workers (17) reported high nitrate accu-

9;ttlation in cauliflower where manganese deficiencies were
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found. We 11 ace ^nii Lunt (1*5) observed Incrtfttcs In th« at-

trete content of pUnts at t result of iron deficiency.

light Intensity . Ragemen and Flethar (13) studttd

com plants grown under artificial shade itructures. They

found that as light intensity decreatad nitrate accumula-

tion increased. Hageman and co-workers {Ik) observed also

that shading resulting from thicker planting rates of corn

tended to increase nitrate content of plant nsatcrial* They

concluded that the entywe nitrate reductase Is largely de-

pendent on light and that its activity is greatly reduced

in the absence of light*

t/olsture Stress . Conditions of low moisture supplies

often have been associated with nitrate accumulation. Sund

(30) reported that accumulation is greatest when a long,

dry period Is followed by a rain. Large acctinsuiations of

nitrate have been reported in com stalks as a result of

drought (10« 11).

Kageisan (30) found that whenever a plant wilts the

level of nitrata raductase activity drops. He noted that

reduced activity of nitrate reductase during periods of

drought is a principal cause of nitrate accumulation.

Temperature . Younis (52) found that increases in tem-

perature (23**C to 28*0 were associated with decreases in

nitrate reductase activity in corn seedlings. He also ob-

served Increaaes in nitrate acctmulation at higher tempera-

tures.

Regarding tenperature from the soil aspect, consideration
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ihould be glv«n to Its effects on the biological decomposi-

tion of organic natter and the converalon of aj«aBoniti»-

nltrogen to nitrete-nitrogen. These processes ere slow at

terpersturcs below 50**F but rates of conversion increase up

to soil temperetttres of 80® to 90®F (16).

Acrlcttlturel CheirlcRls . Increases In nitrate ecctwmla*

tlon from use of herbicides or insecticides result from

physiccl damage to the plant or from interferences with

fnetabolisfT of the plant*

Stabler and Whitehead (37) reported that suger beet

tops acctanulated large atnoimts of nitrates after being

sprayed with 2, U-D. Berg and WcElroy (3) observed that

applications of 2, U-D increased the nitrate content of

Rttsaiftn pigweed and Canadian thistle* but noted no effect

en nitrate accuffiulation in oats, bromegrass, timothy,

alfalfa, and vd clover. Swanson and Shaw (i^l) found that

2, k*li> caused an Initial increase in nitrete accumulation

followed by a rapid decrease.

Unrow and Harris (I43) studied the effects of chlori-

nated polycyclic Insect toxicants on several plant species

and reported Increases of nitrate accumulation in radishes

when the epoxy compounds endrin and dieldrin were applied.

They also observed that nitrate accuiriulation was depressed

by the non-oxygenated compounds aldrin and isodrin.
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Wlscellenenus lnfor*rstIon Concerning
Nitrate Content of Piantt

Oencrelly, an Increcse In nltmte accumulation la

tastialty accompanied by a decraaae in water soluble carbo-

hydrate content (30). This way be due to a blockage of

nitrogen wetabolln'r from lack of reduced nitrogen. Nltratea

are wore likely to acctOTulate in the atema and other con-

ductive tissues of the plant than In the leaves (l6). When

harvesting, cutting higher than normal will reduce nitrate

levels because nitrate Is present In greater concentratlona

in the lower portion of the stalks (51). Nitrate content

usually Is higher in younger plants, and decreases as the

plants ?r«ture; but at high levels of soil nitrates, there

may be an Increase in nitrate content aa the plants develop

(t6).

KATERIALS AW METHODS

Location of Experljpents and
Soil Descriptions

FertI liter trials with forage aorghtm were conducted

at four locations (Agronomy Parrr, Ashland Agronomy Faras,

Newton Experiment Field, and Cornbelt Experiment Field at

Powhattan). Orain sorgh«R fertilizer trials were condtictad

at all locations except the Agronomy Farm. Grain sorghuju

and forage aorghunr trials at the Aahland Agronony Farm were

irrigated.
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Table 1. Soil t«tt data for fertility plot*

Avail- Exchange-
Llfoe able able orsanio

Locetlon pK reqmt., P. K, natter, tc

Lba./A« Lb»./A. Lbi./A. %

i

Corabelt
Experiment Field 6.3 —— a* 330 2.0

Asbland
AgronoBsy Fams 7.6 ™"' U6 HOh !•©

Rawton
Experlisent Field 5.9 3000 l8 1»67 1.9

Agronory Farm 5.7 UOOO I6 SJ*7 2»6

Soil t«at data Indicate simic variation among locations

in nutrient levels, pH, and organic matter. The soil at

the Cornbalt Experiment Fleltf is a prairie soil, which is

slightly acid, relatively high In organic matter, fairly

high in exchangeable potassium and low in available phos-

phorous. It is classified as Orundy silt loar.

The alluvial soil at the Ashland Agronowy Fanr is cal-

careous, relatively high In available phosphorous, high In

exchangeable potassiun, and low in organic matter. It is

claasified as a Sarpy fine sandy loain.

The aoil at the Newton Experiment Field is (m the

borderline between a Planosol and a prairie soil and haa

certain characteristics of each. It is an acid soil, low

in available phosphorous, low to medltiR in organic matter,

and high in exchangeable potassiwff. It is classified as a

Ooessel sllty cley loasi*

MlMMOiMlM
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Fertilizer Materials and Rates

Fertl liter Treataents (1963) t

1. 0-0-0 11. 80-60-0

2. UO-0-0 12. 160-80-0

3. 80-0-0 13. 0-80-1*0

k* 160-0-0 lk» it0-60-U0

5. 0-UO-O 15. 80-80-l|0

6. U0-I4O-O 16. I60-80-UO

7. 80-UO-O 17. 120-UO-20

e. 160-UO-O 18. I6O-UO-2O

9. 0-80-0 19. I20-80-UO

to. I4O-80-O 20. I6O-60-UO

196

3

1 Supplying th« treatments listed above was accoeiplished

as follows: urea was used for treatments 2, 3, and U* Urea

12-148-0 was used for treatments 6, 7, 6, 10, 11, and 12.

Urea 6-32-16 was used for treatments lU« 15» 16, I8, 19,

and 20. Triple superphosphate (0-U5-0) was used with treat-

ments $ and 9 while 0-U5-0 and muriate of potash (O-O-6O)

was used with treatment 13* Urea 10-20-10 was used for

treatment 17*
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Fertlljger Treetreents (I96lt) t

1, 0-0-0 10, I40-80-0

2. I|0-0-0

3. 80-0-0

k* 160-0-0

5. 10-UO-O

6. Uo-Uo-0

7. 80-40-0

6. 160-UO-O

9. 20-80-0

I I . 80-80-0

12. 160-80-0

13. 20-eo-iiO

lU. iiO-ao-uo

15. 80-60-I40

16. I60-80-i|0

17* 160-U0-0-10 2n

18. I6O-60-O-IO 2n

19614 : urea was used for trcEtrcent* 2, 3, ««<! k» Ure«

12-148-0 wai» tt»ed for trflfttwents 5. 6, 7, 8. 9, 10, 11, ftnd

12. urea 8-32-I6 was used for trcettrenti 13. 1U» 15, tncl

16. Urta i2-l|6-0 4 fine sulfate was used for treatesents

17 and 18.
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TBblc 2. RalnftiU data for 1963.

Month

Jfltnuary

Agronomy
Farm

S^^nhattan

Ash i end
Agronowy

Manhattan

Cornbelt
Experiment

Field
powhettan

Newton
Experiment

Field
Newt on

.Ul No record '32 .75

February Trace No record .00 .00

tiiarch 2.0U .lol/ 2.83 1.27

April l.i»7 .89 1.21 .29

Hay 2.06 1.69 5.00 2.95

Jtme 2.53 3.U0 1^.71 1.77

J«ly i.l7 1.32 3.30 7.70

August 2.01 1.88 2.37 1.39

September 3.09 2.32 2.1|1 3.i»9

October 2.0(4 1.99 .9U 3.62

November 1.36 .69 1.99 1.03

TOTAL 16.18 IU.28 25.08 2i|.26

-/ Incomplete

Rainfall was well below average at all locrations ia

1963. Due to Inadequate precipitation during the growing

season, yi[elds were decreased and responses to fertilizers

were Uta narked. The droughty conditions resulted in •

reduction of vegetative growth an<lI grain development. Low

rainfall was a limiting factor at all locationsi except the

Ashland Agronomy Farn, which was irrigated.
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Tabic 3. RBlnfall data for 1961^.

l/ionth

Agronomy
Perro

Manhattan

Aahlsnd
Agronomy

Farm
ft«eohattan

Cornbelt
Experiment

Field
powhattan

Newton
Experiment

Field
Newton

January .33 lio record 0.21 0.55

February .58 NO record 0.32 0.69

l%rch 1.52 Ho record 1.14 1.22

April U.66 I4.3I 5.27 2,83

May 2.$2 2.00 U.29 6.02

Jfune 5.11 5.57 8.55 k.kl

July 3*61* 3.29 1.67 2.93

AttQUtt U.13 k^(^ 3.59 6.16

Septenber 1.12 0.98 3.78 3.U2

October 0.30 0.20 0,39 0.98

November o.Ui 0.81 1,56 2.10

TOTAl. 2!4.3li 21.20 30.77 33.31

Rainfall was about average for the powhattan and Newton

locations and several inches below average for the two loca-

tions near ifanhattan. Low rainfall during September and

October greatly reduced grain yields at the Agronomy Fans

near Manhattan but was of no consequence at the Aahland

location because of irrigation.

Due to early October frost, the growing season was ab-

ruptly terminated. Since forage sorghuir.s are inclined to be

a late season crop, the grain yields were reduced somewhat

because of the shortened period of growth.
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Planting and FartllizRr AppUcBtlon

Planting and f«rtlll««r application was accoirplUhed

by the us« of an experimental planter owned by the Departotent

of Agronomy, Kansas State University. The planter Is modi-

fled so as to band fertl liter on both sides of the seed row,

Fertilleer delivery la achieved by raeans of a pair of end-

leas belts. This delivery system perwlts accurate steasure-

««nt of the fertiliser since It Involves a pre-detenalned

ttaoont of !T.aterlal.

Tha seed planted was Dekalb F-63 hybrid grain sorshon

and Dekalb PS-la hybrid forage sorghurr. r-63 is of laedlwi

to late maturity and is high yielding* under reasonable

!rolsture conditions. FS-la is a atedlvat ffiaturlng, heavy

grain producer, but shorter than nost forage sorghucaa.

Each experiment involved fron 16 to 20 treatsiants, de-

pending on location, and four or five replicationa, depend-

ing on location, in a randoiT>lsed coKplete block design.

The plots were 13-1/3 x 60 feet in dimension, and consisted

of four UO-inch rows.

Harvesting, Sac^pllng, and preparation
of Plant Material

Forage sorghum was harvested after the grain reached

raturlty. Ten feet of the two center rows In each plot were

cut off at the base of the stalka, tied into bundles, and

air-dried to approxisiately 20 percent moisture. The heads

were cut off, placed in burlap bags, and allowed to dry.
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The stov«r bundlas were weigied and yield wa« calculated i«

tons per acre. Five stalks were removed fron each bundle,

chopped, oven-dried at 70**C, and ground for analysis. The

heads were threshed, the grain weighed, and yield calculated

to bushels per acre. The grain was sampled and ground for

analysis.

Grain sorghum was harvested by cutting off the heads

Into burlap bags. Twenty feet of the two center rows of

•ach plot was harvested and hung up to dry. The heada wera

threshed, the grain weighed, and yield calculated to bushels

per acre* The grain was sampled and grotmd for analysis.

In 196U, selected treatments of forage sorghunR wera

tanpled at all locations during an early stage of grain for-

nation. The plant Material was alr-drled, chopped, oven-

dried at 70®C, and ground for analysis.

Chenlcal Analysis of Plant Material

Protein content of grain and stover was deterrrined by

the tinkler's boric acid codification of the Kjeldahl method

as described by Jackson (l8). One-grern plant samples iwere

digested by 30 nl portions of concentrated sulfuric acid.

A mixture made up of 10 parts K^SO^, 1 part FeSO^, and 0.5

fNirt CuSO^ was used as a digestion accelerator. To the

digest, 250 ml water and 110 ml 33^ NaCH solution was added,

and the aixture distilled. Distillate was collected In k

percent boric acid solution. The latter was back titrated

with 0.071U N H2S0|^, using n<ethyl purple Indicator to
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deterirlne the end point* Percent nitrogen wcs calculated

and Rtultiplted by 6.25 to obtain percent protein In plant

naterlal.

Nitrate content of the ttover was determined by the

vethod of Wool ley and co-workers (U9) a« described by Nanwsy

(16). One-tenth graw of dry plant material was extracted

by 20 ml hot distilled water and filtered. To one irl plant

extract were added 9 mi 20% acetic acid containing 0.2 ppm

copper and about 0.35 g of a mixed powder made of 100 g

barium sulfate, 75 g citric acid, 10 g cnanganous suifata

dihydrate, k 9 aulfanilic acid, 2 g powdered cine, and 2 g

l-napthylanine. Tubes were shaken three tinea at three

ffilnute intervels and contents were centrifuged at 1000 X

for three minutea. Transsiittance of the aupematant siaa

Measured at 520 aiUinicrons by a Colenan Junior Spectro-

photometer, and readings were referred to a standard curve

prepared using potassium nitrate. Concentrations were ex-

pressed as percent nitrate of the dry plant material.

RESULTS AND DISCUSS lOM

Ashland AS**onomy Farm (1963)
(Irrigated)

Tor^qe Sorchutn

Harked increases of grain were obtained with addition

of nitrogen. With all treatnents, as the rate of nitrogan

increased, yield of grain increased. The stover responded

to cpplication of nitrogen sometrtiat differently. The UO
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pOTinci rate of nitrogen appeared. In all cases, to be ade-

quate for stover production.

Oraln yield was generally decreased by the addition of

phosphorous, while stover yield was Increased slightly by

smie treatments. Adverse effects resulting from the addi-

tion of phosphorous nay have been due to creation of a nlld

fine deficiency. The phosphorous was applied In band treat-

cents producing areas of high phosphorous concentration.

Such way have Interfered with pUnt utilisation of alnc.

Other factors may have been Involved also.

The addition of kO pounds of KgO along with 80 pounds

of P2O5 had little effect on grain yield. Stover yield was

noticeably Increased when potasslutn was applied at the UO

•nd 80 pound rates of nitrogen*

protein content In both grain and stover Increased as

the application of nitrogen Increased. Additions of phos-

phorous tended to decrease the protein contant of grain and

stover when phosphorous was added along with I60 pounds of

nitrogen. Potassium, when applied with nitrogen, tended to

Increase the protein content of both grain and atover.

Nitrate determinations on stover material did not Indi-

cate an appreciable accuaittlatlon, except where 160 pounds of

nitrogen were added. However, accumuletlon at this rate of

application probably was not In toxic proportions even

though the 0,26% NO3 value obtained with the l6<MO'fO treat-

sKint »ay have approached the danger level.
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Qrain Sorghun*

In general* the response to fertiliser application was

• iwllar to that of the forage sorghi»f> except that the addi-

tion of phosphorous failed to produce a marked decline in

Srain yield. Nitrogen tended to increase the yield as it

did in the forage torghum* With some treatments, addition

of phosphorous resulted in a small yield increaae. Addition

of potassiusi had little effect on yield.
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Table 5. StitftBery of greln sorgh tir fertiliser trial:, Ashland
Asronoroy Farm, j/«nhattan, 1963 •

drain %
Treatment yield protein

N + P2O5 + KgO Bu./a. Grain

1 . 0+0+0 70 7.22
2. k 0+0+0
3. 80+0+0
U. 160+0+0

^ 1-}^
107 6.60
100 9.69

5. 0+240+0 (17.5 P)

I

rt 7.78
6. kO+UO+O **

7. 80+lio+o
93 7.76
103 6.71

8. 1604^40+0 " no 10.00

9. 0+80+0 (35 P)

i

75 7.11
10. h0+60+0 *

U. 80+60+0 "

103 7.96
8.71

iS^12. 160+60+0 • 10.01

13. O+80+liO (35 P + 33 K) 1/ T5 7.21
lU. k0+80+!40 «

15. 80+80+I4O "
2/ 99 7.8U
T^ 105 8.7U

16. 160+80^0 • y 107 10.35

17- l20+li0+20 (17.5 P 16.5 K)
18. l60+JiO+20 "

y. 103 8.80
/ 109 9.01

19. 120+eo+UO (35 P 33 K) 2/ HI 8.83
20. I6O+6O+I4O " ^ 107 8.7U

L.S.D. (Treatment) .05 16 0.79

1/ using 0-l|5-0 fertlllecr.
y using 12-l46«0 fertilizer.
y using 8-32-16 fertlllter.
y using special 10-20-10 fertiliser.
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A»hUnd Agronomy Famr (196l|)

{Irrlg8t«d)

Forag* Sorghqin

Results wer« slwller to those obtained In 1963, par-

ticularly response In grain yield to nitrogen, protein con-

tent, and nitrate content. Grain yields were higher and

stover yields were lower in 1961}. These differences between

grain and stover yields may have been due to the fertiliser

trial being conducted on the same location two consecutive

years

.

With all treatments grain yield was increased by in-

creasing nitrogen. Stover yield wis increased with Increas-

ing nitrogen where only nitrogen was applied. In treatments

where potass I tm and phosphorous were applied with 160 pounds

of nitrogen, stover yields were reduced* A marked decrease

In grain and stover yield occurred with the l|04>80+0 treat-

aent* Where phosphorous was applied with 80 pounds of

nitrogen, grain yields were increased while stover yields

were unaffected. Addition of potassium produced little

response except In the Uo^&O'fUO treatirent where both grain

and stover yields were increased.

The two treatnents which included a sine application

showed smell increases in grain and stover yields but the

Increases were toe sr^^all to be of any significance. Treat-

nents 19 and 20 were not fertilised in 196i| but showed a

pronounced residual effect from fertiliser applied In 1963.
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Vhere nitrogen wat applied, protein content of grein

»nd stovcf was increased, phosphorous tended to increase

flraln protein where 80 and l60 poxmds of nitrogen were

applied but seewcd to have no effect with lower rates of

nitrogen. Increases in the protein content of stover were

obtained where kO pounds of PgOt^ were applied with 1^0 and

60 pounds of nitrogen and also where 80 poimda of P2O5 were

applied with 160 pounds of nitrogen. Small decreases in

protein content of grain end stover were observed when

potassium was applied with nitrogen and phosphorous. Ap*

plication of einc decreased protein content of grain and

stover.

Nitrates were found in sieeeble amounts only where 160

pounds of nitrogen were applied. Since the nitrate content

was 0.335 and lower, it is doubtful that the forage would b%

toxic to livestock.

The protein content of stover in selected treetesents

sampled the first week of September was sotaewhat higher than

at harvest. The decrease in protein content froir early

September to harvest was caused by the translocation of nl»

trogen fron the leaves to the seed during grein formation.

Nitrate content at this time was much the same as at harvest.

Both nitrate and protein contents were reduced on treatments

receiving sine.
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Qraln Sorghum

Oraln yields end protein contents wert quite similar

to those obtained in 1963* A narked response from phos-

phorous was obtained at the kO poimd rate of nitrogen but

at higher levels of nitrogen response frow phosphorous wa«

less evident. Treattsents receiving potassium produced no

apparent yield response while treatments receiving einc

•hewed a small reduction in yield. Where only nitrogen was

applied, the 60 pound rate appeared adequate for grain yield

but where phosphorous was applied 1|0 pounds of nitrogen

«a«sied to be sufficient.

The protein content of the grain increased as nitro<-

gen was increased with some apparent response to phosphor*

otts. Where itO pounds of P2O5 were applied the protein con*

tent was increased only at the 160 pound rate of nitrogen.

Protein content was decreased where sine was applied.
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Tmble 7, Sttmmary of forage »orghtip" fertilizer trial,
Ashland Agronwny Farjr, K'anhattan, 1"^6I;.

Selected treatments sampled the first week of September.

Treatwent protein
Stover

%
NO3
Stover

1. o*a«.o 2.38 0.00

2. U04-0+0 2.81 0.00

3. 804-04'0 k.lk 0.05

u. 16040+0 5.38 0.30

8. 16044404.0 (17.5 P) 1/ 5.92 0.29

12. l60*8o+0 (35 P) V 5.65 0.33

16. 160*804U0 (35 P 33 K) 2/ 5.U1 0.^

17. l60*i»(>».O|.102n (17.5 P) y 5.66 o.iU

18. l604-60+0+102n (35 P) y 5.50 0.22

L.S. D. (Treatwant) ,05 0.92 0,18

1/ using 12+l4e*0 fertllisar.
W using e+32*16 fertiliser.

y using 12-I48-O and tine sulfate fertilizer.
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Table 6. Summary of grain aorghum fertlliter trial, Athland
Agronomy Farm, Manhattan, 19614.

Grain %
Treatment yield protein

N P2O5 KgO PU.//V. Grain

1. o+o+o 67 7.U0
2. UO+0+0 83 8.98
3. eo*0+0 96 10. OU
5. I60f0+0 97 10.63

5. lO*UO+0 (17.5 P) 1/ 78 7.60
6. 4o<^0*0 * 1/93 9.16
7, So^o^o " 3/96 10.15
8. l60*i40+0 T/ 102 11.81

9. 20+804.0 (35 P) 1/ 85 7.75
10. liO*8o+0 " V 95 8.8i4

U. 8o*80*0 " J/ 100 9.69
12. l604-60*0 " f/ 102 11.UU

1^:
20*e04l40 (35 P 33 K) 2/ 82 8.23
Uo+8o*J40 * J/ 93 8.27

15. 80+80^0 "1/ 97 9.61
16. l60+80+lj0 " 2/ 101 11.06

17. l60+l404-0*102n (I7.5 P) 3/ 9U 11.59
18. l60*80*0*10Zn (35 P) 1/ 98 10.33
19. 0+04>0 2/ 88 8.6U
20. ©04-0 5/ 79 7.65

L.S.D. (Treatment) .05 6 O.80

1/ using 12-I48-O fertlllter.
2/ ualng 8-32-16 ferti liter.
2/ Using 12-I48-O and tine sulfate fcrtl liter.
U"/ In 1963, plot 19 received 120+eo+l»0 poiinda per acre of
""

N, PpCt, and KpO respectively. Plot 20 received 160+
eo^i^o.^
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Agronomy Fern (1963)

Forafle Sorghua

Grain and stover yields generally were increased 1^

application of nitrogen. Forty pounds of nitrogen seemed

to be optlmttre for grain yield. Stover yields generally

were Increased by addition of nitrogen up to the 80 pound

rate.

Applications of phosphorous resulted In a marked de*

crease in grain and stover yields, particularly with the

lower levels of nitrogen. The adverse effect of phosphorous

Riay have been due to a phosphorous induced zinc deficiency

alKllar to what is thought to occur at the Ashland Agronoaiy

Fara. However, uncer the acid conditions and lower avail-

able soil phosphorous content, such would seess leas likely.

Appllcetione of potassitis; had no effect on grain yields.

The l60-6o-lfO treatnant tended to increase stover yields

noticeably.

Protein content of both grain end stover increaaad

with increase in nitrogen. Addition of phosphorous tended

to increase the protein content of grain and stover in soma

treetrrients* Potassium, when applied along with 60 pounds

of F^^' ^^^^ little effect on protein content.

The nitrate analyses of the stover sho«red that acctwu-

let ion did not seer to occur In toxic arounts. ftlien 160

pounds of nitrogen were a]>plied, the nitrate content began

to approach th« danger level.
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Agronomy Farm (196l|)

Forc^c SofflhtBi

Grain tnd »tov«r generally were incre««ed with in-

creasing rates of nitrogen, where nitrogen alone was applied

and also where 140 pounds of P^O^ were applied. Where a

treatment of 60 pounds of P2O5 vraa appliad, a aubatantial

increase in grain yield was obtained at the UO pound rata

of nitrogen but stover yield showed little response to any

level of nitrogen. Potessiins, applied along with 60 pottnds

of P2<>^» increased grain and stover yields at the 20 and 1)0

pottnd rates of nitrogen but aaowed no response at higher

levels of nitrogeo.

No favorable yield response was obtained by the addi-

tion of zinc. Yields of grain and stover were reduced in

the 1604l4 04O4-10Zn treatment and showed no change in the

l6a<fdo-f2;04-10Zn treatasent.

protein content of grain and stover increaaed with in-

creasing rates of nitrogen, phosphorous and potassiua had

no apparent influence on protein content except at the 160

pound rate of nitrogen, where grain protein waa increased

and stover protein waa decreased. Zinc tended to incr^^ase

protein in both grain and stover with the l6Q-*kO*^*lOZn

treatment and decrease the protein of grain and stover with

the 160-80-0- lOZn treatment.

protein content of the stover waa higher when saoipled

in early September than at harvest. This again, was due to
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translocttion of nitrogen to the se«d« Protein content of

the stover wms unusually high corrpared to other locations*

both St harvest and in early September*

Nitrates were found in toxic amounts at all levels of

nitrogen both In the early and late sampling. This nay be

attributed to the unusually dry fall preceded by adequate

rainfall during the sumrrer months.
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Table 11* Stamrsry of forage sorghum fertllltcr trial.
Agronomy Farm, Manhattan, 196U,

Selected treatments sampled the first wK of September

TrcetTent
N P2O5 K2O

protein
Stover

%
WO3
stover

1. 04040 8.18 0.57

2. l40*0*0 9.35 1.09

3. 80fO*0 lo.uo 1.26

u. IbOfO^O 10.96 l.kk

8. l6o^O+0 (17. 5 P) 1/ 11.00 1.36

12. IbO+eCH-O (35 P) 1/ 10.73 1.22

16. I60*80*l40 (35 P 33 K) 2/ 11.28 1.37

17. l604liO*(H10Zn (17.5 P) y 11.28 1.50

18. l60*804.O».102n (35 P) y 10.65

i.iU

1.39

L.S. D. (Treatment) .05 0.31

lising 12-li6-0 fertlllcer.
using 8-32-16 fertl liter,
using 12-I18-O and tine sulfate fertlUeer.
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Kcwton Experiment Field (1963)

Forage SorghuTw

Forsge sorghum at Newton responded to appllcetions of

nitrogen with lner«««e« In both grain and stover yields.

The optlwuffl level of nitrogen for grain yield appeared to be

at the 80 pound rate although a higher yield was obtained at

the 160 pound rate when nitrogen alone was added. An ade-

quate level of nitrogen for stover yield scened to be be-

iwam the i40 and 60 pound rates even though higher yields

were obtained In two treatments at the I60 pound rate.

Grain yield was Increased by the application of phos-

phorous along with 60 pounds of nitrogen but at other levels

of nitrogen the addition of phosphorous produced little

response. Application of phosphorous tended to Increase

stover yields, particularly at the higher rates of nitrogen.

Yield response. In both grain and stover, frow the

application of kO pounds of potassium along with 60 pounds

of phosphorous was particularly noticeable at the lower

levels of nitrogen. However, «a the rate of nitrogen In-

creased, the response from potassium became teat.

Protein content Increased as the rate of nitrogen

application Increased in both grain and stover. Grain pro-

tein content decreased when phosphorous was added at the

lower levels of nitrogen. Addition of potassium tended to

Increase grain protein with some treat«;ents but not to a

aignlflcant extent. Protein content of the stover tended
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to decrease with the addition of potasslure end pho«phorou«.

Nitrate accumulation in atover accmed to occur in aiae-

abU amounta with the 60 and 160 pound rates of nitrogen*

Nitrates were found at dangerous concentrations in plants

receiving 160 pounda of nitrogen and also in thoae receiving

the SO^O^O treatment.

Grain Sorghaam

The kO pound rate of nitrogen produced the optlcsua

grain yield reaponse at Newton. Higher rates of nitrogMi

resulted in decreased yields wiutn cofRparcd to the yields

obtained at the 1*0 pound rate. A significant yield response

was not gained with addition of either phosphorous or potas-

simi.

Data from the Newton location indicated that forage

sorghum has a higher nutrient requirement than grain sorghum.
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Table 13* Sii»m«ry of graiir» sorghtim
d, 1963.

fertlli«er trial, Newton

Experiment FieL

Gram %
Tre«tn?«nt yield protein

N P^O^ KjO Bu./A. Grain

9.U1I . O+O+O

2, liO+O+O 58 11.09

3. 80+0*0 U6 11.90

U. 16CMH0 50 13.66

5. o^io+o (17.5 P) 1/ U8 9.37

6. UO^CH-0 • 2/ 58 11. UU

7. 80+14 0*0 * 2/ 50 12.57

8. 1604U0+0 • ^ 57 13.36

9. 0*80*0 (3$ P) 1/ U7 9.93

10. l404.80*0 " 1/ 61 10.68

1 1 . BO+80+0 2/ 50 12.7U

12. 160*80*0 " 2/ $S 13.57

13. 0*80^0 (35 P 33 K) i/ 58 9.39

lii. Uo+8o*Uo " y 58 10.20

1$. 80+80^0 • y 62 12.28

16. 160+80*ij0 • y 51* 13.10

L.S.D. (Treat»rent) .0$ 10 i.iU

1/ ming 0-1*5-0 fcrtilleei
5^ UUng 12-U8-0 fcrtlll«

•
•

tr.

y U«ing 8-32-16 fertilitcr.
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N«wton Experiment Field (196H)

Forage Sorghum

Grain yield was increeied with Increaalnfl rates of ni-

trogen where wily nitrogen waa applied. A noticeable re-

sponse to phosphorous was obtained with the U(H80*0 treatment

and also with the 60+iiO4-0 treatment. No response from po-

taasiuB was obtained at the lower levels of nitrogen bat a

very significant increase in grain yield was obtained with

the l604>80<fUO treatment.

Stover yields were markedly increaaed when nitrogen

alone was applied and also when nitrogen plus phosphorous

was applied. The 60 pound rate of nitrogen appeared suf-

ficient for optimiw yields of stover. Response to phosphor-

ous was particularly noticeable In the case of the ]4(M0+0

treataient and alao with the SO-fliOfO treatment. Application

of potassium evidently did not increase stover yield.

The protein content of both grain and stover was gen-

erally increased as the application of nitrogen was increased.

The high protein content of grain in the treatments receiv-

ing no nitrogen or snail atpounts of nitrogen (10-20 pounds)

w«s due to Its very inmature state. When UO pounds of P2O5

were applied the protein content of stover was Increased at

the 60 and I60 pound levels of nitrogen. The protein con-

tent of both grain and stover was reduced when 80 pounds of

PgCt were applied.
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The protein content of «tov«r w»t iiuch higher for the

•elected treatwcnts sampled In early September. The de-

create In protein content from September to harvest way be

accouinted for by translocation of nitrogen to the teed

during grain forratlcn and also by possible loss of nitro-

gen through leaching*

Nitrates were found In small amounts at harvest, even

where l60 pounds of nitrogen were applied. The low content

of stover probably was due to heavy rainfall prior to har-

vest. Nitrates, however, were found in toxic amounts in

those treatments receiving 160 pounds of nitrogen which

were sampled In early September.

Grain Sorghum

Grain yield was increased by increasing nitrogen in

all treatments. Noticeable increases in yield were obtained

from applications of phosphorous with 6o and l60 pounds of

nitrogen. Application of potassiun: evidently did not in-

crease yield.
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Ttbl« 15. SiHTwiiry of forage sornhum fftrtlllcer trial, Newtc«
Experiment Field, I96a.

Selected treattrents sampled the first i«reek In September.

Treatment
N P2O5 K2O

protein
Stover

%
N03

stover

I. ©(HO 349 0.02

2. Uo+0+0 ^.02 0.02

3. eo^OfO 6.15 0.03

1». 160*040 8.17 0.1»7

8, l6o+JtO+o (17.5 P) 1/ e.77 0.1*9

12. 16O4-60+O (35 P) 1/ 8,30 0.U3

16. l60*e(Hl40 (35 P + 33 K) 2/ 8.UU 0.U6

L.S* D. (Treatment) .05 o.ih 0.21

1/ Tfsing 12-118-0 fcrtl liter.
?/ Using 8-32-16 fertlllrer.
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Table 16. Siwwtry of grain sorchufT fertiliser trial,
N«wton Experiment Field, 196i4.

Oraln %
TrcatiTjcnt yield protein

N + P2O5 K2O Bu./A. Grain

1 . O't'O^'O H3 6.33

2. l40*04.0 70 8. 38

3. eofO+o 76 10. 2U

It. l60+0*0 79 11.25

5, 10*l40*0 (17.5 P) 1/ UU 6,57

6. liO+Uo^o •» 1/ 68 7.M»

7. 804tt04-0 1/ 83 10.63

8. I604l|0*0 • 1/ 85 12.55

9. SO+eo^O (3$ P) 1/ 59 7.30

10. Uo*8o*o * 1/ 70 7.UI4

n. 8o-f804.o • 1/ 86 11.06

12. l60*80+0 " 1/ 90 12.69

13. 204-8<>»4|0 (35 P 33 K) s./ U9 6.30

Ik. U04.80*liO 1/ 68 7.55

15. 80*8(>>U0 • 2/ 87 10.22

16. l60+804.1iO • 1/ 90 12.66

L.S.D. (Treatment) .05 12 0.89

1/ U»ing 12-1^8-0 fertUUcr •

2/ using 8-32-16 fertiUier •
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Cornbelt Exp«rif9eiit Field at powhsltan (1963)

Foragg Sorghum

Little response wet obtained from the application of

fertilisers to forage sorghum at Pewhattmn. In general,

grain yields were very high while stover yields were low

when compared to other locations not under irrigation. The

addition of nitrogen had little effect on yields of grain

and stover. There was no response to phosphorous at tha

lower rates of nitrogen, but when applied with 80 and 160

potmds of nitrogen the addition of phosphorous resulted in

a noticeable increase in grain yield. Applications of po-

tassium had no effect on grain yield but appeared to increase

stover yield switewhat.

The protein content of both grain and stover increased

at the rate of nitrogen Increased. The addition of phos-

phorous tended to Increase protein content in sowe treat-

ments in both grain and stover, particularly when applied

with 60 potmds of nitrogen. Protein content was unaffected

by the application of potassium.

Nitrates were fotind at toxic levels in the stover where

1^0 pounds or more of nitrogen were applied. The nitrate

content waa increased by phosphorous when applied with 160

pounds of nitrogen and also in the 1^04-60<»40 treatirent. In-

clusions of potassitna seemingly caused nitrates to increaaa

In the 8O48O4UO treatment. But this inclusion appeared to

reditc* aitratea in the I604^04i|0 treatment.



53

0)

u
<

o
cs

</>

0) © -J

< <
m sn IT)

C) o O
fN ,(N .f^

O. O. o_

«/J i/>
VI

.o J5 jD
_JI -J _JI

o O o^ CO CO

r-' CN «^

>
o

</? O

00 O ^ CN

o
o •>"

s
o
CO e

u

o «5

. o o

oo 35

o
cxan

o
O M

\ 4*»-* •
i>_ •*«m

o <
o v Cl»«
o UVi •>

'.} o e
i

-Jl -»I5
C • •>•**

OJ
C»«« i« •£

U) t« « i©* 6
,j

V4 O Q.
-f— a
• «u Vi *

Z
•> • •>

io «t 04

g.-"^
A.9«>>
•1 o c

o « b «t)

CO «-0 E

&> C 0.

"'i
><aM

l°
•

is

o •



%

Grain Sorfihuff

Grein torghtwrt reacted to nutrient »ppllc»tl<m« In a

cMfincr «l»llar to that of the forage sorghum. High yields

were obtained but little response was gained from fertili-

zers. Slight Increases In yield were obtained vith soree

treatnnents by addition of nitrogen but these w«r« not sig-

nificant. Some respoast was gained frow phosphorous appli-

cation at the 2)0 and 60 pound nitrogen rates. Potassium

showed a slight response at the and J|0 pound rates of

nltrogan.
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Table 18, Suffiwary of grain sorghuT?' fertlUeer trii

bait Expariraent Fiald, Powhattan, I963.
si, Corn-

Treatment
N P2O5 KgO

Grain
yield
Bu./a.

%
protein
Grain

1. 0*04.0 93 11.31

2. UO4.O+O 93 12.U3

3, 8o*o*o 92 12.87

k, l6(H.0+0 100 I3.2I4

5. 04it04.o (17.5 P) «/ 92 10.16

6. liO^UO^O * 1/ 99 11.90

7. e04l404O " s/ 100 12.U7

8. 1604-UO+O * i/ 98 13.31

9. 0*8(>»O (35 P) y 9U 10.82

10. uo+eo^o •• 1/ 98 12.83

11. 8o-f8O+0 • 2/ 102 12.95

12. 160+8OI.0 "
2/ 94 13.71

13. ©So+UO (35 P 33 K) 1/ 96 9.96

lU. li0*80*U0 • y 103 II.I4O

15. 80*8O4440 • y 97 13.16

16. l60+80+itO » y lOl) 13.58

17. 120*14 04-20 (I7.5 P 16,.5 K) y 103 12.58

18, l604li0+20 • y 101 12.77

L.S.D. (Treatment) .05 N.S.* 1.2U

1/ using 0-U5-0 fertiUfcr.
1/ Ualng 12-U6-0 fertlllxcr.

2/ using 8-32-16 fertiliser.
§/ using special 10-20-10 fertilizer

Nonsignificant
•
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Cornb«lt Experiment Field at f>owhatt«n (196l»)

Porafle Sorghw

An 60 pound treatment of nitrogen per acre produced

the optifRum response. Addltiwial nitrogen or applications

of other nutrient elements produced no additional yield

responses except in the case of the 160«^60^0 treatment.

Stover yields responded only slightly to nutrient

applications. Small increases in yield were obtained from

treatments receiving UO pounds of nitrogen, particularly in

the case of the UOfSo^O treatment. No significant responaa

was gftlaad from higher rates of nitrogen when compared to

the yield obtained at the 1)0 pound rate.

The protein of the grain and stover was increased by

applications of nitrogen, increases in both grain and

stover protein were obtained by the application of phos*

phorous along with 60 pounds of nitrogen, protein content

ftf the stover was increased by a combination of II4O pounda

of nitrogen and phosphorous. Potassium tended to lower the

protein content of both grain and stover.

The nitrate contents of stover at harvest were within

the safe range as far as toxicity to livestock was concerned.

Nitrates accumulated to a noticeable extent » only in those

treatments receiving I60 pounds of nitrogen. There was

some evidence that nitrate accumulation may have been In-

creased by the addition of phosphorous, particularly at the

60 pound rate of P^^* There appeared to be a decrease in
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th<» nltrete content where tine w«s applied.

The protein and nttrtte content of the stover wit

higher In these treatwentt tttmpled during the first week of

September. Nitrates, at this stage of maturity, were pre-

sent in potentially toxic quantities where 160 pounds of

altrogen had been applied, phosphorous, at this sanpllng

date, seemed to have exerted no influence on nitrate accumu-

lation. Sinall decreases in the nitrate content of the stover

were obtained by the application of sine.

Orain SorahMn

The 60 pound rate of nitrogen produced the optinuni

yield response in the case of grain sorghtai). The addition

of more nitrogen resulted in lower yields when compared to

those obtained at the 60 pound rate. Yield respimse did

not occur with application of phosphorous and potassium*
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Table 20. Surmrary of forage sorghum fertilizer trial. Corn-
belt Experiment Field, Powhattan, 196^.

Selected treatments sampled the first week of September.

Treatment
N P2O5 KgO

%
protein
^tover

%
NO3

St9ver

1. CM)4.0 5.06 0.02

2. U04.0>0 7. 61 0.05

3. 8(H0+0 8.85 0.07

k. 160+0+0 10.51 0.33

8. I604l|0*0 (17.5 P) V 10.31 0.3h

12. 160+8040 (35 P) 1/ 11. 2U 0.35

16. l60+80^0 (35 P 33 K) 2/ 10.03 0.35

*7. I60^04.04.102n (17. 5 P) y 11.00 0.26

1«. l60+80*0*10Zn (35 P) y 10.16 0.2U

L.S. D. (Treatment) .05 1.28 0.16

1/ using 12-U8-0 fertilizer.
2/ Using 8-32-I6 fertilizer.

j/ Using I2-I48-O and zinc sulfate fertilizer,
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Table 21. Swnmary of grain sorghtm? fertllieer trial. Corn-

bell Experiment Field. Powhattan, I96I4.

Treatment
N P20$ + K2O

Grain
yield
Bu./A.

%
protein
Orain

I. 0*0+0 50 6.U1

2. i404>ai.o 51| 10.52

3. BO+O+O 69 \2Ak

k> 160+0+0 43 12.93

5. lo+i^o+o (17.5 P) i/ ^9 8.80

6. Uo+Uo+o " y 56 9.60

7. 80+U0+0 " 1/ TO U.33

8. 160+UO+O " 1/ i3 12.88

9. 20+80+0 (35 P) y 54 9.70

10. U0+80+0 " y 63 10.17

u. 60+80+0 • y 66 11.25

12. 160+80+0 y 65 13.10

13. 20+80+li0 (35 P 33 K) y 1|9 8.66

14. 140+80+1IO m y 61 9.66

15. 80+80+iJO m y 62 11.60

16. 160+80+U0 n y 6a 12.36

17. 160+UO+O+lOZn (I7.5 P) y 66 12.21^

18. 160+80+0+ 102n (35 P) y 60 12.18

L.S. D. (Treatment) .05 11 1.28

1/ ualng 12-U8-.0 fcrtiliaer.
2/ using 8-32-I6 fertilizer.
3/ uaing 12-ij8-0 and ainc sulfate fertiliser.
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S^MAHY AND COHaUSXOO

A two year study wets conducted with forcge sorghvm st

four Kansfts locations to determine the effect of various

nutrient applications on the yield and protein cwitent of

grain and stover and the nitrate content of the stover*

Grain sorghum trials were conducted at the same locations

to compare grain yields of forage sorghua to fertiliser

application with those obtained front grain sorghum*

Orain and stover yields of forage sorghum were sig*

nif leant ty Increased by application of nitrogenous ferti li-

ter. In general, responses to nitrogen were Btaxitral when

treatments of UO or 80 pounds per acre of the element were

applied. The 1*0 pound rate of nitrogen appeared to be suf-

ficient under conditions of low rainfall or high levels of

available soil nitrogen. With sufficient rainfall or where

irrigation was utilieed the 80 pound rate of nitrogen was

adequate.

Diverse results were obtained frcM application of phos-

phorous. Both increases and decreases in yield were ob-

tained, possibly tha adveraa effects produced by the addi-

tion of phosphorous may have been due to the creation of a

phosphorous induced sine deficiency. A band at^lication of

1^0 pounds of P2O5 per acre apparently waa aufficient where

soil analyses indicated a deficiency of available phosphorous.

Applications of potassit»n fertiliser usually failed to

produce noticeable response. Small gains in stover yields
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««re obtained, but these were Inslfinlf leant. L«ck of re-

•ponte from »dditlon« of potfttsium may b« tttributed to tht

considerable availability of this element In aoil.

The protein content of both ©rain and atover waa In-

creased by all rates of nitrogen application. Applications

of phosphoroua and potass itw produced varied but generally

insignificant responses in the protein content of both grain

and stover.

Nitrate accumulation In stover Increased aa the supply

of nitrogenous fertiliser was increased. Generally, nitratea

ware not found in toxic concentrations at harvest except

where 160 pounds per acre of nitrogen were applied. However,

when conditions of ipolsture stress prevailed prior to har-

vest, toxic lavals of nitrate were found at the lower ratea

of nitrogen fertilisation. Resalta indicated that nitrogen

way be applied at higher rates without danger of nitrate

toxicity where irrigation Is practiced.

phosphorous and potassiwn fertiliser applications did

not produce consistent effecta on nitrate accunulatlon.

Considerable variation in the nitrate content of the plant

material reaulted from additions of these elements.

The stover srtilch was santpled during the beginning

stagea of grain formation contained higher concent rati one

of nitrate than at harvest. It aeona likely that by delay-

ing harvest until grain formation la completo» the danger

of toxic concentrations of nitrate may be reduced.
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Grain •orghum and forsge sorahtim revealed simiUr re-

sponse to ntttrlent applications, particularly whara rainfall

was adsquata, Saraa «vld«nc« collected daring the study In-

dicates that grain sorghum has a lower nutrient requireraeat

than forafle sarshum under cmiditlons of moisture stress.

This is probably due to the dwarf growth pattern of graia

sorghus.
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Porsge sorghtm is the aott important cultlvfttcd forage

crop grown In Kansas. Average yields for th« stata g«n»

•rally ar« low. Nitrate accimulatioa to toxic concentra-

tions is a problem often present in forage aorghtass, partic-

ttlarly in areas having hot, dry growing seasons, protein

content of forage aorghim as related to Ita value m a feed

deaerves consideration.

A two year investigation was conducted with forage

sorghttR! at four Kansas locations to determine the effects

of various nutrient applications on the yield and protein

content of grain and stover and the nitrate content of the

atover. Grain sorghum trials were conducted at the same

locations to compare grain yield reaponses of forage sorghuB

to fertltixer application with those obtained from grain

aorghum*

Significant Increases in grain and stover yields of

forage sorghtsn were obtained from application of nitrogen.

Rates of UO or 8o pounds of nitrogen per acre appeared to

be the optimum amount for yield at all locations.

Response to phosphorous application was variable,

fteth increases and decreases in yield were obtained. A

band application of U^ pounds P2^ P®"" ^^^* *^* apparently

sufficient where soil analysis indicated m deficiency of

available phosphorous.

Applications of potassium fertiliser usually failed to

produce noticeable response. Small gains in stover yields



wtre obtained, but thettt were tntlgnif tcant. Uck of retpoasa

fron additions of potassium may be attributed to high con*

centrations of this element in the soil*

All rates of nitrogen application increased protein

content of grain and stover. AddltKms of phosphorous and

potassivm produced varied but generally Insignificant re-

sponses in both grain and stover.

AS the supply of nitrogenous fertiliser was increased

nitrate accumulation in atovar Increased. Nitrates, gen-

erally, were not found in toxic concentrations at harvest

except where 160 pounds per acre of nitrogen were applied.

However, toxic concentrations of nitrate were found at the

lower rates of nitrogen fertl lieatlon when drought conditions

prevailed before harvest. Results of this study indicate

that danger of nitrate toxicity is greatly reduced where

irrigation is practiced. The higher concentrations of ni-

trate found in the early sanpllng of stover suggests that

the danger of toxicity may be reduced by delaying harvest

until grain fomation Is conplete. Applications of phos-

phorous and potasslurr fertilizers did not produce consistent

effects on nitrete accusiulatiwi.

Response to nutrient applications was similar for grain

sorghttfi and forage sorghtar, particularly where rainfall waa

adequate. Results of this study suggest that grain sorghum

has a lower nutrient requirement than forage sorghvon under

drought conditions, probably due to the dwarf pattern of

grain sorghum.


