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CmPTES I 

INTRODnCTION 

Seduced germinatioiD of seed due to a high concentntion of 

fertiliser salts in the Ticinit^r of the seed at planting is beconing of 

increasing is^rtance* The problem was recognised first in the Midwest 

under conditims of liBdting moisture# Tlt» detrimental effects are 

asgnifled b^r the low moistuTO cotitent of the soll| which increases tbs 

salt concentration in the soil soluticai from a giv€n increment of 

fertilizer. In the Southeast undsr less limiting moisture conditions, 

dsmage to ssod gsrsdiuitlon is beeoiaing of more ii^ortanee as higher 

rates of fertiliser are being applied# The continued uae of did style 

fertilizer applicators which place the fertilizer in ccaitact with the 

seed raises this problem of what fertilissr concoitrations are detrimental 

to gemdnatiott# 

The purpose of this investigation wast (1) to determitte the effect 

of vatTiottS concentretione of certain fertilizers in the soil on the 

gemination of com and wheat, and (2) to determine the effect of sdl 

tas^rature on the rates of fertilizer that can be applied without 

reducing germination. 



CH&PTSR H 

LITSRAXUB£ BEVXBir 

Mar(7 vorkiart hava studied the effects of Tarlous fertiXiser sslts 

upon ths gersdnation of seed* The amount of injury to gearminatlcm vas 

dependent on the soioree and oonoentraticm of the salts in the soil 

solution* 

lbs amount of injuzy occurring when fertlllzsr ecews into contact 

«lth ths seed is primarily dependent upon the concmntratlon of the 

fertiliser salts* IRis ooncentration of "Uie fsrtlllzer salts in solution 

is dependent upon tiie rate of fertilizer application and the soil moisture 

l«?el(10)* An increase in the rats of fertilizer application^ a decrease 

in the son moisture level, cr both,sill increase tiwa ealt concentration 

in the soil solution (l5). Beports f^om a nuid>er of workers (1, 10, 11, 

12, 17, 2ii) have sbosn that ihe amount of ln;^ry to ths seed or seedling 

is inversely proportianal to the moisture level in the soil* 

Salt concentration in ths soil sc^ution has a two^fold effect 

upon the germination of seedst (a) the ease of water uptake and the rats 

of water entry into the se^ is decreased; and (b) the toxic effect 

produced by the fertiliser* In order for the seed to obtain water from 

the soil, the surface farce action of the soil partLcles cr ths moisture 

tension, and ths osmotic effsot due to the dissolved materials in the 

soil solution must bs ovsrcoms* Either a de<n>eese in soil moisture cr 

an increased salt concentration can cause increas*^ soil aiDisture stresses 

and result in inhihited gezmdnation (1)» Excessive concentration of 

soluble salts in ths soil solution Immediately surrounding the seed may 

I 
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Imi toado to tlie seed or young seedlings* Death or injury to the seedling 

in this ease Is attributed to plaaraolTSls (lU)* Bonner and Qalston (2) 

define pXasxsolysis as the loss of water from the cell la soffieicsiit 

quantities to contract the protoplasm away from the cell wall* Plasmolysis 

oan cause death of the cell* Shenria (l6) riqported that the inhibition 

of germination was apparently not due to a direct affect of the fertiliser 

upon the seedj but to the influence upon the osmotic abaorption of water 

by the seed* The addition of fertilissr to the soil causes a stimalatioo 

in the growth of fungi, which may be an important factor in the injury 

of seed (3,9, 18). 

(Eton and Dreier (9) reported that the application of nitrogen 

fertilisers in contact with the seed »y oauM severe stand raduetions* 

Tlieir work showed tsifavorable effects on gemdnailon with as low as 10 

pounds of nitrogen per acre adjacent to the seed during periods of lew 

moisture. According to Olson and Dreier the deleterious effect of nitro 

gen carriers rank in the decreasing orderi calcium cyanimide, ui^a, 

nitrate of soda, potassium nitrate, aunoniura sulfate, and aaroniua nitrate. 

The damage was decreased when the fex^lizer was placed separately from 

the seed. 

aaika and Smith (17) studied the effects of urea and a!rrK>nlua 

nitrate on geansLnation. Bates of fertiliser equivalent to 20, Uo, 60, 

and OO pounds of nitrogen par acre were applied in the row in contact 

with seed. At moisture tmsions approaching field capacity no 

aj^reoiable effects were noted until the 80 pound per acre rate was 

reached. Generally, the damage from urea was less than from amnonium 

nitrate. This was probably because urea has a higher nitrogen content 
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vMch places a lovar salt coniemitration nsar ths sssd vhon applied at 

the saiae rate of nitrogen per acre» 

Wolkoff (2li) atirfied the effects of various salts upon the germi 

nation of seed* Rates of 2,000 pounds of calcium carbonate, 200 pounds 

of aamoniaa st^fate, I4OO pounds of monopotassium phosphate, 200 pounds of 

magnesium sulfate, and $0 pounds of ferrous sulfate were used* The salts 

were applied in a nutrient solution* Results sheered only a very limited 

eflSet cm the ability of the seeds to germinate. 

m eork done by Coe (3)> it was shewn that fSrtiliser had a 

detrimental effect t^n gemination. Superphosphate retarded but did 

not prevent gsrsdnation until rates above 300 potmds of I6 per cent 

««rs reached* This was applied in the re* In direct contact with ths 

sssd, Bitrate of soda and muriate of potash at rates of 100 pounds per 

sere in the rov ccs^letely inhibited germination. A complete fertiliser 

irtth the analysis 2-12-2 ssvsrely lB?>aired gemination whan applied at 

tfee rate of pounds per acre in the row* Whmi nitrate of soda and 

2-12-2 were applied one inch to ths side of the seed at rates of USO 

and 800 pounds per acre, respectively, no significant effect on g«rmi-

nation was noted. 

Rest(12) oondueted sons eacpsriments on the effects of superphosphate 

upon ths germination of com. When mixed in a 6 inch by 10 inch by 3 

Inch hill, (x>nc«:itratsd superihosphate had no appreciable effect on 

germination until ths 1000 pound per acre rate was rsacfasd. At the 2000 

pomd per acre rats 75 per cent of the seed failed to gsminate* Appli 

cation of 200 pounds of concentrated superphosphate in the rcw caused no 

s«riou8 effect on germination, but the stand was reduced at the 350 pound 

per acre rate. 
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Parker and Oliver (10) atacded the effaets of fertiliser plaeenent 

np&a the germination of aeed« A 1000 pound per acre rate of 6-6-0 eaa 

eeed at three moisture levels. Three placements, a lit inch band, t«o 

inches to the slite and two inches below the seed, and two inches below 

the seed were used. Psrtllisers mixed with the soil were initially more 

injorioas to germination than when tlmy were plaoml either below or beside 

the seed* Injary increased with a decrease in soil moisture. 

iPbrtilisers placed in contact with small grain seed may delay 

germination and eiMrgence as reported by Guttay (0). Oomplets f«*till*er» 

used at rates which placed 100 pounds per sere or more of nutrients in 

contact with wheat seed seriously deliQred or curtailed germination and 

MMTgence* Wiwn the fSrtilizw was placed one inch to the side and ont 

inch below the seed, the seedling saMirgenee on the fartiliaed plots was 

the same as on non-fertilised plots. 

Sayre and Clark (10) studied the effect of coi^lete fertilizers 

on the germination of seed. When applied at the rate of 600 pounds per 

acre, a commercial U-l6-i]. fertiliser greatly reduced the germination of 

bean seeds planted in contact with the fertiliser band. 

aemdnation injury varied with the kind and rate of fertiliser 

application as reported by Jadcson (7). A conplete fertiliser with the 

analyalB of $-10-0 had little or no effect on germiiuition at the 20, 00, 

and 100 pound per acre rate. Monocalciun phosphate, calcium nitrate, 

nitrate of soda, aononium nitrate, and muriate of potash retarded the 

gsnaination of soz^hua when applied at rates as low as 20 pounds per 

acre in the zow. Seedling injuzy incn^ased aa the rate of application 
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increased* Asmonixm nitrate and nuriate of potash vere vezy detrimental 

to geirsilnaticai at the 90 end 100 pound rate of application* ^trate of 

soda was less in,}uriovi* g«Hnninaticn than ammoniua nitrate* 

Tests were run by Snith(18) to determine the injurious effects of 

various fertilizer saterials to gexmlnating seeds* Whan applied directly 

to the seed, 200 pounds of nenocalciua phosphate ploe 100 pounds cf oaleium 

sulfate reduced seedling ezaer^nce the most* This was follceed in order 

of decreasing injury by 170 pounds cf 6-l2-6j 200 pounds of Bionoealcita& 

phosphats} 170 pounds of 6ol2~6 plus 100 pounds calcium carbonate} 100 

pounds of monocalcium phosphats plus 100 pounds of calcium sulfate} 85 

pounds of 6-12<-6} 100 pounds of monocalcium phosphate) and 85 pounds of 

6-12-^ plus 100 pounds of caleiaB carbonate* Celdum csxbonate tended to 

offset the detrimental effects of direct applications of the 6«*12-^ 

fwtilizer* Direct spplicaticn cf fertilizer to the seed weakened many 

of the seedlings and left them vulnerable to diseases* 

Stroup (19) reported a reduction in gemination from fartdlizer 

placed in contact with the seed* Asmonium nitrate end nitrate of soda 

delayed emergence at the 50 pound per acre rate and severely reduced 

germinatLon at the 100 and 150 pound per aore level* Muriate of potash 

did not affect germination at the 50 pound per acre rate, but severely 

reduced germiiation at the 100 and 150 pound per aore rate* A eonplete 

fertilizer with the analysis of 10-20-10 severely reduced gerainstion 

when the l50 pound per acre level was reached} whereas, a 10-20-20 analysis 

fertilizer severely affected germination at the 100 pound per acre level* 

Misgrave and Cos (8) reported that an application of fertilizer in 

the row inhibited germination of cotton* The effect was aore pronouueed 

from nitrogen and potassium than from phosphorous* 
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Toloan and Stoat(20) etudled the effoot of aaiBonia upon eeed end 

youi^ seedling* They reported that sofflcient quantities of asBonia vwre 

released from dilute solutidBS of area to be injurloaa to young eeedlinge 

and germinating seed. 

Little or no literature is STailable on interaction of ferti 

liser salts and teinperature and their effect the germination of seed, 

Itieh woric hee been done on the effect of temperature alone on seed , 

gersdnation, 

Wilson and Hottea (23) etudied the effects of rarioas tenperatoree 

upon the germination of vheat, found a tea^rature of l5° C. to be 

nearly ©ptimam for germination of wheat, ItLgher taBperatuTBS of 20® and 

30® C« gare more rapid gemination, but Icwer tenperatures of 10® and l5® C* 

gave a higher per cent g«:Tainati0n, A toi^rature matte the kernel 

more susceptible to mold attack. 

Tests by Coffiaan (U) showed com to germinate best at tempersturefs 

sbere 10® C, with a shaxp decrease in germination below 10° C, Small 

grains in general germinated well at temperatares as low as 3*5® G, 

In studies by Wilson (22), oats and soybeans germinated equally 

well at teaperatures of 10°, 15®, 20®, 25®, and 30® C, Wheat germinated 

better at l5® C« with a teerease in either direction of tasperature change. 

The increasing rate of gemination with an increase in tesperature appeared 

to conform with ?an*t Hoff*8 law. 

Tools et al,(21) found that both dark and burley tobacco germinated 

well at 15°, 20®, 25^^ C. with a slight drop at 30® C, and a 0reat drop at 

35® C. 



CHAPTER m 

SSTHODS AND PSOCSDim^ 

The effeete of various fertilizers on the geradnation of seed was 

studied in grcwth chambers and in the Held* 

The Effect of Per Cent Concenteatlon of Pertiliaer 
and of Teoperatore on Qermination 

Three grosth chaidNnrs, each with an Internal volume of 100 ctd^ie 

feet and thejrmoatatically eontrolled at 6B^, 86^ 7, mere used in 

this stu<fy« Twenty fluorescent lights, using cool white and red tubes 

at a ratio of 9tl were used as the li^t source* Alternating periods of 

sixteen hours of li^t and eight hours of dark were maintained during 

the course of the experlBent* Covered li^t bulbe were used as hast 

sources during the dark period* A ten-dnch fan was In operation in each 

claniber at all tines to insure good air circulation and to keep a unifona 

teajjerature. A shelf was suspended in the middle of each chamber to 

support the cups and flats* 

Runtington silt loam soil waa used in this etudy because its 

physical properties are desirable for greenhouse use* T>» soil moistuie 

level was maintained at approximately 20 per c«at moieturet whieh was 

about one atmosphere tensicoi* 

Crea, aioDonium nitrate, nitrate of soda, ammonium sulfate, U8 percent 

concentrated superphosphate, 20 per cent superphosphate, sulfate of potash, 

mriate of potash, and 6-12-12 coi!g>lete fertilizer were studied at levels 

of 0,0*01^ 0»0S, 0*1, 0*^, 1*0, 2(0, X0»0, 20*0, 30*0, and ̂ 0*0 per 
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cent laaterial per 2»000«0<C)0 pooiada of soil.. JLntaydroua enmonia was applied 

at lerelB of 0,0,0012, 0.0025, 0.0037, 0.005, 0.01, 0.025,0.05, 0.10, 

0.l5, 0.25, end 0.5 per o«st material per 2,000,000 potoids of soil. The 

fertlliaer and soil were mlsced in a twin««hell Mxer and transferred to 

twelve ounee ice cream caps. Com was planted at the rate of ten seeds 

per vap and wheat at fifteen seeds per cup. Saeh fertility level was ; 

r^lioated three Mmes and stadied at each of the three temperet'iras. 

Each test was oonpletely randomised in the growth chambers. A gersdnation 

count was made at the and of a fifteen-day period. 

A companion atudy waa made with the ferUliser appl!ed in the row 

in ccmtact with the seed. Com waa fertiliz«l as follcwet urea waa 

applied at rates of 0,l5, 30, U5, and 6o pounds of N per acre} ammonium 

nitmte, nitrate of soda, ammonium sulfate, sulfate of potash, and muriate 

of potaah were applied at rates of 0, 25, 5t>, 75, and 100 pounds of H or 

^0 per.C»I ordinary "nd oc««ntrated eaj«rpho.i*.t« w.r« naed at Inrd. 

of 0, 100, 200, 300, and UOO pounds of PgO^ per acre} 6-12-12 fertiliser 
was applied at levels of 0, 50, 100, 200, and 300 pounds of material per 

8<»re« Wheat waa fertilised in the following vmsamet urea waa applied at 

rates of 0,90, 160, 270, and 36O pounds of N per aerej aaocnitsn nitrate, 

nitrate of aoda, anmonlum sulfate, sulfate of potaah, and muriate of potash 

were applied at rates of 0,150, 300, U50, and 600 pounds of N or K2O per 

acre} ordinary and concentrated superphoephate were used at levels of 

0, 300, 600, 1200, and I8OO pounds of P20^ per acre} 6-12-12 fertillssr 
was applied at rates of 0, 300, 60O, 1200, and I6OO pounds of nmteilal 

per acre. The fertilizer rates ibr core were calculated on the basis of 

forty-two inch rows and wheat on the basis of seven inch rows. The corn 
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and whaat irara planted In twelve^lnoh by eL^teen-liKsh Hate with ten com 

seed* and twenty wheat aeeds planted per foot of row. Each level of 

fertilizer was replicated two times. One teB^seratvxre, 68® F,, was used 

in ̂ is phase of the study* A gensLnaticm count was made at the end of 

a flfteexwlay period. 

The Effect of Various Fertilizers on the Germination 
of Corn Under Field Conditions 

The effect of various fertilizer salts on the germination of com 

was studied on Sequstchie silt loam soil at the Koells Farm in Blount 

County, Dixie twenty-nine aeed com was planted in sdd-lbty 195S at an 

average rate of forty-three seeda per thijr^ feet of row in one row plots 

thirty feet long* A modified split plot experimental design was used with 

three replications. Urea prills, urea czystala, aononlum nitrate, nitrate 

of soda, ansaoniua sulfate, muriate of potash, sulfate of potash, concen 

trated superphosphate, ordinary superphosphate, end 3-12-12, 6-12-12, and 

10-10-10 fertilizera were used. The rates of N, KgO, and PgO^ in ths 

fertilizers applied were I5, 30, IS, and 60 pounds per acre. The complete 

fertilizers were ai^lied at the zwtes of 100, 200, 300, and UOO pounds 

per acre, A gerraination count was aade fifteen days after planting. 
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RESULTS 

Tbe Effects of Per Cant Conentntion of FwtillMr on 
the Qermination of Com end Wheat 

The results of the effects of per cent oonomitratioa of fertiliser 

OB the geraination of com and wheat are presented graphieally in Figures 

1 through lOtf The fertiliser concentrations are presented on the basis 

of the per cent metorial in the soil and the pounds of R, ̂ 2^^, and K^O 
per 2^000>000 pounds of soil# Appendixes A through J shoe the geraination 

percentages at the different tcaperatums and ccncentratior® of the 

various fertilisers# Table I shove the ccaicentrations of the various 

fertilisers where decreased germination occurred# Bach geraination 

percentage shewn is an avnrage of three replications# The values plotted 

on the graphs roprssent the germination in per cent at 68® F. for com 

and 50® P, for wheat# Com did not germinate at the $0^ F# tenperature* 

Anhydrous aanonia was not injurious to the germination of corn and 

wheat at fertiliser concentrations up to 0#0Si per cent# Concenlarations 

above 0«05 per cent were vmry detrimental to germination of both com and 

whaat# 

Urea did not depress germination at concentretione up to 0»0$ 

per cent# The percentage germination of both com and wheat drofped 

rapidly at concentrations above 0.0$ p«r cant# 

Concentrations of nitrate cf soda up to 0#5 per cent had little 

effect on the ̂ rminaticn of com and wheat# Ccneentrations above 0#$ 

per cent were very deleterious to germination of both com md wheat# 
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TABLS I 

THE PER GSIT CCNCENIRATIOH AND POUIDS PER ACRE RATES OP 
CSRTAITI pmTILIZSHS AT WHICH DETRIJSNTAL EFFECTS TO 

aSRiailATIOlI CF CORN AND WHEAT OCCURRU) GHOWII 
IN THE FISID AND IN CP.OWTH CHAINS 

Growth Chambers Field 
Hew Appliesilon jRow Application' 

Source Thoroughly laxed Lbs. N, PoO^, K-O, iJbs. N, K«0, 
Per Cent Cone. or Pert, Per Acre or Pert, Per Acto 

(mm Wheat Com Wheat Com 

Anhsrdrous 
Aaaoonia 0*05 0.05 

Prills 15Urea 0.05 o.o5 15 90 
Crystals 30 

Kitrate of 
Soda 0.5 0.5 25 150 30 

Anoonlum 
Kitrate 1.0 0.5 50 300 U5 

Amoniam 
Sulfate 1.0 0.5 $0 150 U5 

Miriate of 
Potash 0.5 0.1 75 300 No effect at 6o 

Sulfate of 

Potash 2.0 1.0 50 300 Ho effect at 60 

Concentrated 
Superphosphate 2.0 2.0 100 600 Ho effect at 6o 

(hrdinary 
Superph^hate 5.0 2.0 200 600 No e^ect at 6o 

6-12-12 1.0 1.0 100 1200 300 

3-12-12 300 

10-10-10 300 
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\ 
\ 

Aaaoniua nitrate and anooniuia aulfate aere not datrinsntal to ooro 

gandnatlMi at concantration# of 1»0 par cent or to irtiaat at 0*5 par 

oant ooncentration* k dacraase in tha garadnation percmtaga occarred at 

thaea points with increase conoenlaratioxis baing waxy (totriiarataX to 

garoination. 

Wheat geroination was not depressed with concentrationa of nurlata 

of potaah up 0,1 per cent. Com geinaination was nonaal up to the 0,5 

per cent ceoicentratlon of auriate of potash. The percentage garnLnation 

decreased rapidly at concentrations above these values, 

Sulfata of potash did not depress com germination at concentrations 

of 2,0 per cent or wheet at the 1*0 per cent concentraticai. Increased 

cmcentrations were very detrimental to gersninaticm of both crops. 

So detrimental effects to the germination of com and wheat were 

noted with concentrations of U8 per cent concentrated 8up>erpl)^{^hate up 

to 2*0 per cent. Higher concentrations were detrimental to geradnation 

with no germinaticn of com and wheat occurring at the 10,0 per cent 

concentration level. 

Com germination was not depressed with concentrations of 20 per 

cent superphosphate up to 5»0 per cent. Wheat germinated norinally with 

concentraticnE of 20 per cent auperphospliata up to 2,0 per cent, Ooncen** 

trations above these levels wsre detrimental to gemination. 

Tl« germination of com and wheat was not depressed with concen-* 

trations of 6-12-12 fertiliser up to 1*0 per cant, Ooncentraticns above 

1,0 per cant were detrimental to germination. 



iRio Effect of FCrtillaera Applied in the 
Sow in Contact With the Seed 

The results shewing the effects of fertilizers applied in the row 

in contact with the seed on the germination of com and wheat are piresmted 

in Figures 11 through lU. Table I shows the concentrations of the various 

fertilizers, Each germination pwcentage is the avexrage of three repli 

cations at 68° F, 

Urea was very detrimental to com geminaticn at the rate of1$ 

pounds of K per acre, and wheat germination was reduced severely at the 

9Q pound rate, 

Nitrate of soda reduced ccnti g«niaination at the 2$ pounds of N per 

acre mte,and wheat germination was damaged at the 1^ pound rate. 

When applied at the rate of $0 pounds of H per acre to oom and 300 

pounds of S per acre to wheat, anacmium nitrate was very detriiaental to 

germination. Rates lower than these bad little effect on seed geradnatlon* 

Com germination was reduced by ffiamoniiMi sulfate at the $0 pounds 

of H per acre rate, Amovlmt sulfate at the 1^0 pounds rate was detri* 

mental to wheat ̂ rmination, 

Sulfate of potash was detrimental to com germination at the $0 

pounds of p^ acre rate and to whtMt at the 300 pound rate, 

Ihe germination of com was greatly reduced by muriate of potash 

•t the 75 pounds of KjO per acre rate and of wheat at the 300 pound rate. 

When applied at the rate of 100 pounds of PjO^ per acre to com and 

600 pounds per acre to wheat, U8 per cent concentrated superphosphate was 

detrimental to seed g«rmination. 
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Seduction in corn germination occurred with 20 per eact euper-

phoephate applied at the 200 pounda of P®** acre rate* Wheat gerial*» 

nation was reduced by 20 per cent supeiphosphate at the 600 pounds P«0^ 
2 5 

per acre rate, 

(Jem garmlnation waa reduead with 100 pounda of 6-12-12 per acre* 

Little reduction in wheat germination oeourred until the 1200 pound per 

acre rate of 6-12-12 was reached. 

The Effeeta of fei^rmture on tha OerTrSnation of 
Seed at Varlcua Fartiliaer Cancoitrationa 

The results of the effeote of different teiaperaturea on the 

gerudnation of seed at varloua fartiliaer concentrationa are shown In 

A,K>endixe8 A through J» Cora did not gerHinate at ttie 50° ?• teBperature* 

Corn germinated equally well et 68° P, and 86° P* with anhydrouB 

aaaonia, aiaaonitna sulfate, and suriate of potash, Gtermlnaticn continued 

at higher ccncwitrations of urea, aaaonium nitrate and sulfate of potash 

at 68° F, than at 86° F, With increasing rates of nitrate of soda, 

per cent concentrated superphosphate, SK) per cent superphosphate, and 

6—12—12 fertilizer, 86° F, was more favorable to corn gerxaination than 

68° P, 

Wheat geminatad equally well at 50° P.,68° P., and 86° F, with 

increasing concentrations of anl^drous ammonia, nitrate of aoda, sand 

aamonlum sulfate. With inoreaslng <^ncentzwtione of urea, anaaoniuia nitrate, 

muriate of potash, sulfate of potash, U8 per cent concentrated superphoephate, 

20 per cent superpboephate, and 6-12-12 fartillaer, 68° P, was mere favor 

able to wh®at germination than 50° F, and 86° P, 
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The Effeets of FortUleor Salts on Com Oarainatloii 
Itodor Field Goaditlona 

Table I shews the comsentratioiaj of the varioas fertllisere at 

which com gezmixtation was decreased mder field conditions* 

The cos^lete msults of this test are given in AppeiKHx M« Each 

gwsinatioa i^ercentage reported is the average of three replications* The 

no^treatiasnt gemination values are the average of twelve plots* 

Uroa prills wore very detrimental to com gemination. Severe 

reduction in stand occurred at the rete of 1$ pounds of H per acre* 

Urea crystals and nitrate of soda had little effect on corn 

gemination until the 30 pounds of H per acre rate was reached* Moderate 

daeage to germination oeourred at the 30 pounds of N per acre zete with 

severe damage occurring at the U5 pound per acre rate^ 

Amtaanium nitrate aiid ammonium sulfate cauaed a moderate redueticm 

in the stand of com at the U5 potuHic of H per sere rate. Severe 

reduction in stand occurred at the 6o pounds per acre rate* 

In this experiment Esiriate of potash, fpzlfate cf potash, U8 pw 

cent concentrated superphosphate, aiKi 3KD per cant superphosphate had 

little effect on com gerainatioa. Ho deleterious effects on germination 

were noted at the 6o pound per acre rate of <xr 

So reduction of the stand of mm was noted at rates of 3-12-12, 

6-12-12, and 10-10-10 up to 200 pounds per acre. Severe reduction in 

the germination percentage occurrfiKi at the 300 pound paar acre rate* 



CHAPTER 7 

I 

DISCUSSION AND CONCLUSIONS 

It is noted ISrom this study that the fertilizers stadled differed 

in the concentrations at which dstriaental effects to germinatLon occurred 

and also that different species of plants differed in their tolexsnce to 

Increased salt concentraticn* The nitrogen and potash fertilizers studied 

were detrimental to garmination at Icerer concentrations than the phosphate 

fertilizers* Corn wes raore tolerant to salt concentrations thai^ was 

wheat* 

The results of this stud^ sbcnr anhydrous aononia and ursf to be 
i 

in^rioas to germination of com and wheat at Icnr concentrationa of material* 

jimonia is very injurious to germinating seed end seedlii%s. JUmonla is 

releassd during the hydrolysis of ursa* The hi^ ireduction in germination 

from anhydrous ammonia and urea is probably due to the amsoniom ion* 

Noticeable quantities of ammonia were given off from the urea during ttie 

tests in the grostii chambers, Tolman and Stout (20) and Salter (13) 

reported azmaonia to be injurious to Germinating seed* 

The other nltrogsci fertilizers studied were less dstxioBntal to 

gsnainstion than anhydrous saoonia and urea* Nitrate of soda depressed 

germiztation more than did ammonium nitrate and ammonium sulfite* Similar 

results were reported by Olson and XDreier (9)* Thsse results are contrary 

to the work of Sndka and Smith (17) who stated that ammonium nitrate was 

■ere detrimental to germination than urea, and Jack8csi*s (7) work which 

showed that ammonium nitrate is more depresiEdng than nitrate of soda* The 

aceoB^panying ion may be an iiqportant factor in (hitermining the concentrations 



yn 

at vMeh detarinental effMts ocoar. Sodium ions are more highly hydrated 

than asBaonium ions} therefore tlei sodiora ions mould ccs^te for mater more 

thai the ammonium ions. I^a could affect the xete of mater entry into 

the seed and may account for nitrate of soda beii^ injurious to seed 

germinatioli at lomer concaitraticns than ammonium nitrate and ammonium 

sulfate* 

The potash Ibrtllissra mare ODiapaxeble to the nitrogoi fartllizars 

in their effect on eeed gezmdnation* Muriate of potash mas more detrimental 

to germination than sulfate of potash, probably because of the seooiqpanying 

ions, chloride and sulfate^ Salter (13) and Harris(6) reported that the 

chlculde ion mas detrimental to germinatLon at lomer concentrations than 

the sulfate i^. 

Germination of com and mheat occurred at hi^er ooneontrations of 

tlw phosphate fSrtilissrs than the nitrogen and potash fertilizers. Similar 

results mere reported by Coe (3) and Musgrave and Ooe (8). The US per 

cent concentrated auperphosphate mas more detrimental to germination than 

20 per cent superphosphate per unit of material. Guttay (5) reported that 

the injury to germination by phosphate fertilizer is probably due to the 

free phosphoric acid ocmtent. The U6 per cent concentrated auperphosphate 

is more detrimental to garodnation than 20 per cant auperphosphate per unit 

of fertilizer, probably because of a higher phosphoric acid content. 

The effect of 6ol2»12 fertiliser on germination maa probably due 

to additlTe effects of its components. As several ingredients mske a 

eooplete fertilieer, one material could not be singled out as the cause 

of salt iajuiy. 
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Corn and whaat differed In their toleraaee to awlt eoneentx^tion* 

With the exception of ouriate of potash, tha fertilizers ranked in the 

eeae order in their injurious effects on com and vheat gorndnation. The 

laain difference uras that vhsat vas less tolerant to salt concentration ~ 

than com* l&irlate of potaeh was aach store detrimental to vl»at germi-* 

nation than to com germination* Wheat vas probably lees tolerant to the 

chloride ion then was com. 

Similar results were obtained from row application of fertilizers 

la the Held and in the growth chambers* ^he germination percentages 

of com dropped at much tha same rates with the nitrogen fertilizers in 

both eases* Ho con^riscns in the potash and phosphate fertilizers can 

be made because the rates in the field were not high enou^ to redace 

germination. The com germinated at aueh higher rates of complete 

feziiilizer in the field than in the controlled tests. This was probably-

due to a difference in planting procedures* The seed was placed in direct 

contact with the fertilizer baiKl in the growth chant>er, whereas the drill 

used in the field may not hare dropped the com in as close contact with 

the fertilise band* 

Figures 1, 3» 8* and 9 show the germination percentages 

plotted on the basis of per cent concentration* Figuxes 2, U, 7» snd 10 

are based on the pounds of S, md per 2»000,000 poutzia of K>il« 

Tha curves break in the eame order for the rarioas fertilizers plotted 

by both bases, exreept for tha phosphate fartlllzers* The curve for U8 par 

cent superphosphate drops before that of 20 per cent superphosphate on tha 

per cmt ccmcentration basis• The crder is reversed when plotted on the 

pounds P20i^ per acre basis. This is beeause a higher level of can be 
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applied with the aore coneaotrated aaterial aad have less coneaoatratloi}' 

of the aaterial in the aoil* 

fable I shows the rates and concentrations at which the various 

fhtrtilisers we]?e detrimental to garadnatLozu A coo^rison of the per cwat 

concentxwtlons at which detrin^tal effects occurred showed more wid6«» 

spread difference aiaong the various fertHlaers ss to the per unit 

ecsQcentrations at which detrlmeatal effects occur than does a coaperison 

of the materials applied in the row. This diff«renoo is probably due to 

a difference in the salt ccncentraidon of ths soil solution in the vicinity 

of the seed with the two means of fertilizer application, in even 

distribution of ths salts throu^ieut the soil solutioi would be escpeeted 

in the per unit concentration stu<|^y b^tauee of the thorough mixing of 

the fertiliser and soil* Ths concentration of the eelts in solution 

surrounding the fartlliser band would be dependent on the rate of 

diffusion of the salt firca the fejrtilizer band into the eurroundLog ecil 

solution. Ths rate of diffusion nay be dependent on each factors as soil 

compaction, soil moistMre, permsahllity of the soil, organic matter, 

nature of ti» e<d.l colloids, the fertilizer salts involved, and the salt 

conMntratlon of the soil solution at the time of fertiliz«r application. 

TMs could account for the greater dlffwr^ces ararag the per unit conean* 

trations of the various fertilizers at which Injury occurs than there is 

among the rates of materials in the row at which injury occurs. 

Varying the teaperaturs at planting tijaa did not cause any significant 

difference in per cent gerndnaticm of and wlieat at different coneen* 

trations of various fartilizers. It might be noted that 50® P. was too 

cold for cora germination* There was little difference in per cent 

S:-—■-
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gtradnation of com at the 68® ?. and the 86° F» tempemtunes, Theat 

geraiaation did not vary gprsatly whaa oocparii^ the 50° P»,68° P., end 

66° ?• t<»::^raturea, Hcwever;^ there se«sed to be e iClight tendency for 

the gerndjoation percentages ofeheat to drop a little less rapidly at the 

68° P, temperetttre than at the 50° P. and 86° P, temperatures. Pasta* 

germination of both cc(m and wheat occurred at warmer tesperaturee than 

at cooler toperatares. There wae not enou|^ Tsriation in the per cent 

germination of either com or wheat at different tecperatares to determine 

if teaperature affected the tolerance of the seed to salt concentration. 



CnAPTER 71 
% 

SOUM&Rr 

l3om and wheat were growi at different concentretiona of varioua 

fertilizers in the field and In growth chaishers* Three to^erature 

levele were ajaintained in the coniarolled tests. The effects of the 

different fsrtilizera on gerBdnatioa were noted. 

Hm jaajor results weire as folloesi 

1. Corn was more tolerant to salt concentration than wheat* 

2. Tl» fertilizers ranked in the fclloeing oirder with decreasing 

detriaentaX effects on the gerainatlon of oonif enhydroue eBcaoniaf urea^ 

nitrate of soda, muriate of potash, aamoniom nitrate, aaaoniom eulfate, 

6-12-12 fertilizer, aulfate of potaj^, US per cent superphosphate, and 

20 o^t superphosphate, 

3. The fertilizers ranked in the foUcwing order with deoxeasing 

detrimental effects on the gemination of wheati anhydrous amroonia, urea, 

mriate of potash, nitrate of soda, ammoniuiB nitrate, snracmium sulfate, 

sulfate of potash, 6-12-12 fertilizer, 1^8 per cent superphosphate, and 

20 per cent superphosphate, 

1)« The nitrogen and potash fertilizers were more detrinmntal 

to germination than the phosphate fertilizers. 

5. The temperatures studied had no significant effect on the 

tolerance of com and wheat to salt concantrntioas, with the exception 

that osm did not germinate at F. 
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APPE1®IX A 

PER osm CaaEUHKATION of odbn aw wieat at different 
TBMPmATVmS IN A HaNTlHCirON SOIL AT DIFJEREHT 

CONCKNTBATICBIS OF ANEmODS AMtONIA 

Per Ckni " 
Ootie* Per Cent Qermlnation 
of Oorri Wheat 
Pert. 56^ 680 866 566 600 86b' 

0.0000 0 90 96 8U 90 90 

0.0012 0 86 93 6h 97 97 

0.0025 0 86 96 93 93 93 

0.0037 0 93 100 66 97 93 

O.OO50 0 93 76 82 95 100 

0.010 0 83 93 82 88 88 

0.025 0 93 96 97 97 93 

0.05 0 80 86 80 88 82 

0.10 0 0 0 0 0 0 

0.15 0 0 0 0 0 0 

0.25 0 0 0 0 0 0 

0.50 0 0 0 0 0 0 
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APPENDIX B 

m CENT CBERMIKATIOH 0? CORN AND WilEAT AT DIFPBRENT 
TEMPERATURBS IS A HUKTINOTt® SOIL AT 
DIFFERENT CCNCESTPJITIONS OP UREA 

Cen^ 
Cone* per Cent Oernination 
cf Corn Wlieai 

Pert* 50O 6do tJ60 50o 6Bo 860 

C,00 0 96 93 62 78 62 

C,01 0 100 63 70 91 eu 

c>o5 0 100 ho 82 8U 77 

04 0 60 67 la 90 62 

0^5 0 0 0 9 h9 15 

1,0 0 0 0 0 0 0 

2fO 0 0 0 0 0 0 

5*0 0 0 0 0 0 0 

1C*0 0 0 0 0 0 0 

20#0 0 0 0 0 0 0 

30,0 0 0 0 0 0 0 

50fO 0 0 0 0 0 0 
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APPSJDYX C 

J® SS3lf CviS:i2NATICN OF CCiRH MJD WTIEAT AT DIFFERED 
T^mpWATms m a mwracsroH soil at DiFFSREJit 

CCHCSrmTIOl-B CP SODIUM KITEATF. 

CsnC 
Cone, Per C«nt Genainaidon 
of Com Wiheat 
Pert. 6ijo tJfcO sm" 6U0 U60 

0.00 0 100 96 93 90 93 

0.01 0 100 96 95 95 93 

0.0> 0 100 90 95 93 100 

0.1 0 90 100 95 97 90 

0.5 0 100 93 6k 90 86 

1.0 0 ii6 96 0 33 17 

2.0 0 0 0 0 0 0 

5.0 0 0 0 0 0 0 

10.0 0 0 0 0 0 0 

20.0 0 0 0 0 0 0 

30.0 0 0 0 0 0 0 

50.0 0 0 0 0 0 0 
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PER CSHT QERMIKATiaf OF (XDRN AHD WHEAT AT DIPFERE8T 
raMPERATURES IN A HOKTINaTOM SOIL AT DIFFERENT 

CONCENTRATIOSS OP AMMONIUM NITRATE 

JPer Cent' 
Cone* Per Cent Oenslnatlcn 
of Com Wheat 

Pi#rt* 5o<^ fctJO '5flB ' 686 865 

0,00 0 100 96 86 93 97 

0,01 0 100 100 93 93 90 

0.05 0 100 100 80 86 88 

0*1 0 100 96 97 93 97 

0.5 0 100 93 8U 93 82 

1.0 0 93 20 22 80 1 

2.0 0 U6 0 0 0 0 

5,0 0 0 0 0 0 0 

10.0 0 0 0 0 0 0 

20.0 0 0 0 0 0 0 

30.0 0 0 0 0 0 0 

50.0 0 0 0 0 0 0 



APPEHDH S 

PER CENT GEraaMnON OF CC3RK AKD WHEAT AT DI?yERE3JT 
TElffffiATURES IN A HDNTIHaTON SOIL AT DIFmSBT 

CONCENTRATIONS OP AMiSCNIUli SULFATB 

t»er Cent 
Cone* Per Cent Qernination 
of Corn Wheat 

F«:t* 680 86<i> 5oo' 680 860 

0.00 0 90 80 86 90 93 

0.01 0 90 86 8U 95 75 

0,05 0 90 60 88 93 6U 

0,1 0 76 83 80 90 68 

0,5 0 66 83 75 66 6k 

1.0 0 83 83 37 62 31 

2.0 0 0 60 0 0 0 

5.0 0 0 0 0 0 0 

10,0 0 0 0 0 0 0 

20.0 0 0 0 0 0 0 

30.0 0 0 0 0 0 0 

50.0 0 0 0 0 0 0 
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ippendu f 

PER C1I3T (SRIONATIOM OF CORN AND WHEAT AT DIFFSREHT 
TEMPERATURES IN A HDIJTINOTON SOIL AT DIFfEWENT 

CONCENTRATIONS OF MURIATE OF POTASH 

x^r Cent 

Cone* Per Cent Germination 
of Corn Wheat 

Pert. 50© fcao 866 500 680 860 

0.00 0 100 100 93 95 93 

0.01 0 96 96 95 93 97 

0,05 0 96 100 66 100 93 

0,1 0 93 93 97 88 97 

0.5 0 93 ICQ 53 85 0 

1.0 0 10 k6 11 57 0 

2.0 0 0 13 0 0 0 

5.0 0 0 0 0 0 0 

10.0 0 0 0 0 0 0 

20,0 0 0 0 0 0 0 

30,0 0 0 0 0 0 0 

50.0 0 0 0 0 0 0 
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APPENDIX 0 

JEE CENT OEmUMTICK OF CORN AND WHEAT AT DIFFERMT 
TEMPmTURES IH A flUNTIKaTDK SOIL AT DIFFERENT 

00NCEKTRATI0K3 OP SULPATE OF POTASH 

I'er Cent 
Conc« Per Cent Gercitnation 
of Com Wheat 
Pert. 6S0 660 5oo 686 "WS 

0,00 0 B3 96 100 93 93 

0.01 0 66 100 90 95 93 

0.05 0 10093 90 95 93 

0.1 0 93 90 8U 86 75 

0.5 0 93 90 86 88 80 

1.0 0 86 96 86 86 27 

2,0 0 6093 0 55 0 

5.0 0 0 0 0 0 0 

10,0 0 0 0 0 0 0 

20.0 0 0 0 0 0 0 

30.0 0 0 0 0 0 0 

50.0 0 0 0 0 0 0 



APPEf©IX H 

FES CENT GBRMIHATION OF CORN AND WHEAT AT DIFFERENT 
mtPSRATTJRFS IN A HUKTINGTOK SOIL AT DIFFMSKT 

CONCEl4mTION3 OF U8 PER CELT 
CONOTTRATED SUPERPHOSPHATE 

!Fer "denV 
Cone, Per Cent Qemdnation 
of Com #heat 

5150 ' Fert, 6i}0 ' 560 6B0 " 86a 

0,00 0 96 96 90 95 93 

0»01 0 96 96 86 95 97 

0.0$ 0 100 86 I4U 93 86 

0.1 0 100 100 9073 97 

0.5 0 100 100 03 93 93 

1.0 0 100 96 93 97 6U 

2.0 0 100 100 82 66 51 

5.0 0 70 60 0 0 1 

10.0 0 0 TO 0 0 0 

20.0 0 0 0 0 0 0 

30.0 0 0 0 0 0 0 

50.O 0 0 0 0 0 0 
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APPENDIX I 

m CENT CERMINATION OF CORN AND WHEAT AT DIFFERENT 
TBSffERATHRES IN A HONTINGTON SOIL AT DIFFERENT 
CCNCSNTRATIOHS CP 20 PER CENT SUPERPHOSPHATE 

aBBt 

Qoao, Per Cent Germination 
of fjora i^Heat 
F»rt. 50O 6UO 068 50° 686 866 

0.00 0 96 90 97 95 95 

0.01 0 90 86 8U 95 97 

0.05 0 90 96 97 95 97 

0.1 0 90 96 82 90 95 

0,5 0 93 93 100 86 95 

1.0 0 96 96 90 97 88 

2.0 0 90 100 88 95 8U 

5,0 0 83 90 30 73 50 

10.0 0 30 73 0 0 0 

20.0 0 0 Uo 0 0 0 

30.0 0 0 0 0 0 0 

50,0 0 0 0 0 0 0 
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APPENDIX J 

vm CIHT OIBIIISATION OF CORN AND WHEAT AT DIFmENT 
TaJPSatATORES IN A HONTIKCSTON SOIL AT DIFPSRSNT 

CONCKNTRATIOie OP 6-12-12 
COMPLETE mTIUZER 

Wr Cen^° 
Gone. Per Cent Germination 
of dorn Irheat 
Pert, '55)6 6ao dbo 556 686 86» 

0*00 0 100 90 90 100 88 

0*01 0 96 100 80 90 8U 

0*05 0 100 93 93 97 88 

0,1 0 96 96 86 97 97 

0*5 0 100 96 93 97 88 

1.0 Q 100 93 70 93 80 

2.0 0 U6 93 20 62 1 

5.0 0 0 0 0 0 0 

10.0 0 0 0 0 0 0 

20.0 0 0 0 0 0 0 

30.0 0 0 0 0 0 0 

50.0 0 0 0 0 0 0 



APPENDIX t 51 

PER CIMT CCKK caSRMmTION AT 68°r IN A 
HUHTINGTDN SOIL AT DIFFERENT RATES OP 

SEVERAL FERTILIZERS 

Source 

0 

Pounds N Per lore 

15 30 U5 60 

tirea 95 UO 5 5 0 

0 

l^ounds H or XgO Per Acre 

25 50 75 100 

Nitrate of Soda 90 25 5 15 0 

A)a»}nium Nitrate 60 60 15 10 5 

Anmmium Sulfate 95 75 U5 10 5 

Uxriate of Fbtash 90 90 70 15 25 

Sulfate of Potaah 95 

0 

80 15 

Pound0 PgOjj l^er Acre 

100 200 300 

15 

Uoo 

Concentrated 
Superphoaphate 90 35 15 15 0 

Ordinary 
Superphoephate 95 75 ho 10 5 

Pounds Fertilizer Per Acre 

0 50 100 200 300 

6-12-12 100 100 35 10 10 
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ApmrniTX I 

PER CEIT IHS&T QSmilATIOH Af 68«¥ IS A HtrflOTOIOS 
SOIL Af SimmNf MTES Of sm APfUCATim 

OF SEVERAL FOTCILIZffiS 

Source 

90 180 270 36o 

urea 9$ 15 0 0 0 

Fouzids N or KgC Per Acre 

0 150 300 U50 600 

Sltrate et Soia 9$ I40 0 0 0 

AaooBlua Sltrate 90 65 M) 55 35 

AosBofiluai SuXfate 9$ U5 15 IS 10 

Mariate of Potash 90 90 60 35 25 

Sulfate of Potash 90 70 55 10 15 

Pounds Per Acre 

0 300 600 1200 1800 

Concentrated 
Supearphosphato 9$ 75 hS 10 10 

Ordinary 
Saperpl^sf^te 9$ 80 60 35 10 

Pounds Psrtiliaer Per AcKre 

0 300 600 1200 1800 

6-.12-.12 9$ 85 65 20 0 

https://6-.12-.12
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AP£%HDIX M 

PEH CEKf CORN (affiKimTIOH OHDffi flEID CONDITIONS IN A 
SEQMTCHIE SOIL AT DIPPBIENT RATES OF IKM 

APPLICATION OF SE7BRAL PKITTUZERS 

Pounds K, » csr K2O Per Acre 
Source 

0 15 30 U5 60 

Urea Prills 51 26 5 2 5 

Urea CZTStals 51 Uo 23 9 5 

Anmoniassi Hitrata 51 t;2 51 35 19 

Nitrate of Soda 51 I42 26 9 9 

imcmiua Sulfate 51 1^7 53 33 19 

Miriate of Potash 51 77 70 51 Uo 

SullSts of Potash 51 77 70 63 51 

Concentrated 
Supeirpbosphate 51 19 19 67 53 

Ordinaxy 
Sa|>erphoi^bate 51 19 It ti8 51 

Pounds Pertiliaer Per Acre 

0 100 200 300 UOO 

3-12-12 51 60 56 30 30 

6-12-12 51 70 53 28 23 

10-10-10 51 58 51 26 16 

. ^-:r 
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