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CHAPTER I 

INTRODUCTION AND REVIEW OF LITERATURE 

The use of organic fertilizers has eufrered a decline since 

the 1n1tiation of large scale production o~ soluble inorganic 

salts. Nevertheless; a demand for natural organic forms of nit­

rogen persists, especially in regions of high rainfall and sa.ndy 

soils, and in connection with the production of crops of high 

acre value; 

In recent years knowledge of the principles and practice of 

fertilizer application also hns expanded rapidly . Localized or 

contact placement of fertilizer has been found to favour r apid 

early growth, and to lessen "fixation•• of fertilizer nutrients 

by the soil ; Difficulties in the forms of impaired germination 

and damage to young seedlings have arisen from contact placement 

of organic :fertilizers . Many mechanisms have been put forth to 

explain the basis of fertilizer toxicity;viz . plasmolysis of 

root tissues by the high solute concentrations, production of 

excessive local acidity or alkalinity from fertilizer materials , 

direct toxic effects on the young plant by free ammonia or cyan­

ide formed by chemical or microbial brealtdown of fertilizer mat­

erials. 

Accord~ngly, it was decided to evaluate the hypothesis that 

germination injury to seeds results from the production of in­

jurious auant1ties of free ammonia during mineralization of 

dried blood fertilizer placed in contact with the seeds . 

I . 



2 . 

Since nitrogen is taken up by the plant chiefly as nitrate, 

or sometimes as ammonia, complex forms of nitroben present in 

organic fertilizers must under o mineralization in the soil be­

fore becoming available to the plant . In this process, rnicro ­

orga.nisws convert protein nitroGen into a.n1r1onium salts, and 

thence to nitrites and nitrates . Excessive WE1ter, or the ab­

sepce of oxy6en from any other cause, tend to favour an anaero­

bic microflora, and mo.y result in stopping the nitrification 

process; a.nd 1n the reduction of such nitrates as were already 

formed under more favourable conditions. 11ha.t ammonif1cation 

and nitrification are not necessarily correlated rae once more 

confirmed by Fraps and Sterges (1947). Since ammonification 

was still significant ln all extreme casc:s, the result was an 

accumulation of ammonia under the influence of such factors as 

too high and too low pH, and too hic;h and too low temperature. 

Many investigations clearly point to a volatilization of 

ammonia, not directly from or ;anic substances auch as dried 

blood, but from free ammonia after ammonlfication. (Screeni­

vasan and Subrahmanyan (1935), ,illls and Stur·is {1945), 

Pechon and Tehan (1947), Pochon et a.1 (1947), to nune a few 

such studies.) Accordi ly, a review of the relevant litera­

ture on injury to termination throuvh the presence of toxic 

concentrations of free ammonia will now be presented . 

Russell and Petherbridge (1913) found that sand cultures 

conta.1ninc 10 parts per ~illon of nitrogen as free ammonia, 

retarded the germ1no.tion of turnip seed, whereas \Ti th 100 

parts per millon of nitrogen no seed germinated. Since the 



sand cultures conu.1ned 16. 7% of moisture , it appeared that 

o. 0061; of nl trogen a.o freo c.mmon1a. .,-a,e injurious and thn.t 

0 . 06% was fatal . 

3 . 

The work of rlillis and Piland (1931) supports the idea that 

free ammonia in hif,;h concentrations acts aa an inhibitor 

of seed germination and plant sro~1th. The fertilizer used uas 

a mixture of C,. P . d1ammonium phosphate , potassium nitrate , and 

potassium chloride . The free ammonia fort""ed by the hydrolys s 

of the ammonium phosphate wan pparently the most toxic con .. 

ponont of the fertilizer mixture ror the youne cottcn seedlings . 

No injury Ha.a obsorved from the use of ammonium as the sulph te, 

chloride or nitrate . Nor did the alkalinity of the d1aMruon1um 

phosphate appear to contribute to the injurious offect ,. ... :ono ­

ammonium phosphate produced a lesser degree of injury than did 

diammonium phosphate . 

Th~ hypotheses were investigated that hJcl:t•oxyl ions or 

free a.mmon a. were the toxic factors .. Th1a was accomplished 

through the use of calcium carbonate as a treatment supplemental 

to app11catlona of diammoniurn phosphate, and thro gh calcium 

carbonate and calcium sulphate as supplementary treatments to 

ammonium hydroxide . There W"S similarity in the degree of iTh­

jury fro~ ammonium hydroxide and from d1a onlum phosphate , 

althot~p this did not prove that the c~tses rere q antitatively 

alilre . However , the effectiveness of calcium sulphate as a 

corrective of ammonium hydroxide toxicity gave stronc s pport 

to that conclusion. The f'c.il .re of ca.le um carbonate to correct 
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the injury from the diammoniun p~osphate uas not thought to CO?:l tro­

vert ·the fundamental property 0f calcium in this respect, be-

cause of the possibility, which ,·ras suggested, that the ca l ... 

cium carbonate might increase the concentration of free ammonia 

without correspondingly increasin5 the concentration of caleiura 

available for antagonism. 

The sli[;ht but probably significant decrease in tl1e exten.t 

of injury from ammonium hydroxide when supplemented by calcium 

carbonate , eliminated the posGibility that a reduction in the 

concentration of hydroxyl ions was the sole c 4use of the pre­

viously noted remedial effect of the calcium salts . This re­

sult. with calcium carbonate and ammonium hydroxide strongly 

indicated that the calcium has a direct physiological effect 

independent of any chemical reaction within the medium. There 

uas the possibility, however., that the greater eff ic1oncy of 

the sulph~te ras not due to a more intensive antagonism. but 

to an additive effect of a. chemical reaction, probably the for­

ma:Lion of the non- toxic ammonium sulphate. 

\·Iillis and :Piland (1931) concluded that. in practice, fer­

tilizat ion with dia.mmonium phosphate , or other materials produc­

tive of free ammonia , mic)lt not be in,1ur1ous on highly absorptive 

soils, or uhen the fertilizer was ap;plied long enough in advance 

o.f pla.ntlns to prov1de for Co!:lplete absorption. Under other con­

d1 tiona the use of gypsum as a supplement mi[,ht constitute an 

effective mea.ne of control. Ground limestone would probably not 

serve t.he same purpose . They considered that this type of 

fertilizer injury constitutes a problem only with germinating 



and seedling plants , and it is probable that tho ult1m te 

effect on the crop would depend an the nature of the rooting 

syste~s of the plants fertilized . Taprooted plants 1ould 

naturally be most subject to damage , but this might be correc t ­

ed by the later development of the lateral roots~ 

That injury to germinating seeds by free ammonia. occurs 

was also demonstrated by Barton (1940) . She investigated the 

effects on vario s or ganisms of different concentrationn of 

gases applied for several periods of time .. Germination of water­

soa.lted seeds of radi Elh exposed for as long as 2l~O minutes t o 

1000 parts per million of ammonia gas was not only delayed, 

but redl..lced. Extension to 960 minutes trilled off all the seeds . 

In no case did exposure of dry seeds of radish to mmonia gas 

ca ee reduction in germination percentage. Rye seeds uere more 

sensitive than those of r:1dish. Exposure of soaked rye seeds to 

1000 parts per million of ammonia gas for 240 minutes resulted 1n 

100% kill, while those exposed to 250 parta per million for 960 

m1nutes had a ger~ination capacity of only 48%. 

Du1sberg o.nd Buehrer (1954) studied the extent of the inhibi­

tory effect on seed germ1nn.t1on of applicatlons of ammonia by 

irrigation or by injection. Am!'ilonia applied by surface i r rigation 

in an amount to give a concentration of 230 par~s per million of 

nitrogen on the dry soil basis, prevented the germination of 

barley, whereas when applied by injection, a concentration of 270 

parts per million of ammonium nitrogen not only permitted germin­

ation, but resulted in more vigorous plants than 1n the controls . 



To determine the lin1t of ammonia. concentrl'.tion at which 

germination is entirely prevented, pots of noil uniformly in­

jected with ammonia a.ta eerioa of concentrations were planted 

6 . 

to barley. Germination wa.s complete at 11 ammonia. concentrations 

up to 1~50 parts per million during' the first 10 days after plant­

ing. Increaao in concentration of aOU3on1um nitrogen tended to 

delay germination. 

Independent gel:"'1inat1on tests were made to determine 

whether inhibition is due to the initially high hydroxyl concen­

tration, or to o.mmonium i on concentr ation. This was done by 

surface- irrigating the soil uith calcium hydroxide, ammonium 

chloride , and ammonium sulphate solutiono prior to planting. 

Gcrnino.tion was not inhibited by hydroxyl ions at an initially 

high concentration a.s lon3 as the ammoniuo lon mi,s absent . 

mmonium nitrogen a.t concentrations above 450 parts per million 

prevented germination completely. At lmrnr concentrations of 

ammonium :ion germination oceurred, but the plants were feeble 

and stunted. The pl ants crowing in the s..mmoniu.~ sulphate- treat ­

ed soil were, in general , more vigorous than thoao growl11g in 

the ammonium chloride- tre~ted s .-.11, which pointed to a possible 

toxi c effect of the chloride ion . 

he 1 tera.tn.re on the sub~ect of causes of germtnation i n ­

jury through contact. plo.cer::ient of dried blood with the s e ed. is 

lioited. Sayre and Clarke (1935) found tl4~t many organic fertili ­

zers are 1njuriouo to seeds and rootn of plants, uhen first 

applied to the soil . T"neir experiraental results with peas , beans , 

and corn in the glasshouse uere confirmed by fie l d trio.le . 



They found that the lower rate of solution of organic fertiliz ers , 

as compared with inorga.nic fertilizers, indicated that the ca se 

of inj ry to roots resided in some factor or factors other than 

excessive concentration of soluble salts resultin 1n plasmolysis 

of root tissue. They considered that injury froffi organic fertili ­

zers was CJ.used by various soluble or s.nic subst,mcee such as 

a~ino-acids and ~oluble peptides . In addition it was found that 

organic fertilizers greatly stimulated mould grmitn, ,"11th tho 

loG1oal concl oion that they -~:ht also stimulate more rapid 

groi th of parc.sl tic organ ams th. .. t attuc roc,ts and seeds in the 

0011, and thus indirectly c:i "'e 1.nj ry . 

The period of injurious concentration \IaS found to vary with 

the rate of application, the soil moisture content , and the soil 

tc turc . In their experiment with dried blood , it re'"'uired from 

9 - 11~ ca.yo in the soil before this fertilizer was no longer toxic 

to roots. The detrimental effects of drled )lood we1"e definitely 

rost1~cted to an area in close prox1o1ty to the fertil zor b~nd , 

as shown by the fact that needs sown ~-n to the side of the 

fer•tilizer band germinated s 1).tisfe.ct.,orlly . 

Sherwin (19231, workin~ -Tith cotton and corn seeds , found 

that orGanic fertilizer reduced the germination count by caus ng 

the death of the seedling before its appearance a.t the soil sur­

face . He noted absence of rooth,.:irs a.nd considerable root deea.y . 

The ,rowth 01'- fungi wa.s also stiTl'lulc.ted, especially thoGe 1'unf;1 

which are inj rious to root systems . 



The miner~lization studies and €ermination injury ex­

periments reviewed in the fore oing section sui:.,gest that the 

8 . 

most likely source of er~ination injury throu~h contact with 

dried blood is the production of free ammonia duri the minerali­

zation process . Realizinb the practical difficulties of demon­

strutir1t5 directly the role of free ammonia production in a 

syster.i in which ,..mter is present, 1 t was decided to approach an 

answer by the indirect procedure of showinc (1) the production 

of o.m..-,onium-nitrot:;en in qu9.ntities sufficient to constitute a. 

source of ;ermination injury and (2) both qualitative and quanti ­

tative similarity in germination injury caused by free am~onia 

frora inorbanic sources, and that resulting from application of 

the dried blood fertilizer . 



Chapter II 

Experi~ental .ater1als and ethods 

General methods and selection of materials are described 

in this section. Special techniques which ,-,ere developed for 

particular experiments are described 1n their approximate context . 

Fertilizer 

The fertilizer used throu out the experiments was a 

standard dried blood mix from the fertilizer bins of the Field 

Husbandry Department . The fertilizer was ground and passed 

through a 2 mm. sieve, thus enabling a more representative sample 

to be obtained when small ouantities of fertilizer were being 

wei ~ed . Deteroination of nitrogen content by the ~jeldahl 

method showed the dried blood to contain 13. 61i nitrogen • 

. :edit, EQ.r Ger;!'c1nat1on Studies 

Three media ,ere used in which to study inj rioue fertilizer 

effects on seed germination. 

(1) xpanded perlite 

(2) \,ashed river sand 

{3) Steam- sterilized soil 

The three media were compared ultn respect to their relative 

merits in evaluating the injurious effects of organic fertilizers 

upon ermlnation of seeds. 
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Three Vr\r t.ies of seeds were used, so as to include a 

broad spectrum in speed of germination. .The varieties uerc 

cress (very quickly germinating in 4-5 days), cabbage (germina­

ting 1n 7- 8 days), and carrot (requiring 14 days to complete 

germina. t1on). 

The fertilizer wa..s dried blood, applied to the media. in 6 

inch clay pots. one pot per fert-ilizer treatment. Treatments 

could not be replicated because there was a shortage of pots. 

Fertilizer was applied in contact r1th the seeds: at 3 levels; 

namely, 7 g. , 1~ ~ and 25 g . per pot. In a.not.her serfes, fertili­

zer ,-,a.s broadcast at the rate of 7 g. per pot. Control pots 

containing only the media were included in the exper ent. 

Where dried blood was applled as a contact fertilizer with the 

seed, the pots were filled with the appropriate medium to within 

two inches of the top and the fertilizer was spread evenly over 

this surface . The pot was watered well until rater leached freely 

from the base . The seeds 1ere then distributed evenly over the 

surface in contact w1th the fertilizer , and were covered lightly 

with a further layer or the medium~ here dried blood was applied 

aa a broadcast application, the fertilizer was workod thoroughly 

into the top 2-3 inches of medium in the pot. 

Results: The effects of fertilizer applications 1n different 

media, on seed germination of cress. cabbage and carrot a.re pre­

sented in Table I . 

With increasing rates of appl1cation of dried blood in contact 

with the seed, there was a. corresponding decrease in percentage 

gerM.1nation in alJ. media . Though the treatments were not repli­

<Hlted f'or each variety. the same trend was observed with the three 



'?ABLE I · 

Medimll Ori Owminati .ui.1urT By Ccntaet PlacelllleQt of Dr.i. • 

Seed I Hediwa I Percentage Oermiaati 
Vari.et,)' 

I 
ito Cent.act 

Fert.iliz 7&• dr.b 

ilt,e 92 " Cr.a I &:-$1 I 90 I 49 I 25 6 

sou I 92 I ?S 49 30 

~rllto I 96 I s 9 2 67 

90 I 39 26 16 

81 66 35 

'erlit.• 65 0 0 0 0 

Ca.tt0t I Sand 63 0 0 0 0 

Soil I 75 20 0 0 24 
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different varietios, in greater or lesser de ree . The depress ­

ing effect on seed ger:iina.tion of increasing rates of application 

of dried blood na.s apparently loss severe in the cases of qu1c ly­

gcrminatinc seeds such as cress and cabage, than in the case of 

ca rrot rhich required a full 14 days to complete germination. 

Dried blood in combination 11th perlite appe red to have the 

most do.mo.ging effect on ge 1nation o:f cress and cabbage . Dried 

blood, applied as a cont ct fertilizer in so 1 had the least 

depressing effect on germino.tlon of cress and c,bbage, 1h11e 

dried blood in sand was intermediate in effect . Broadcast 

applications of dried blood did not appear to have any effect 

on ·ermln tion of cross d cabbage . 

~or carrot seed, since only the control pots showed any 

germination of seeds pl nted in perlito and oand, no distinction 

can be m.\de bet een t.heoe tuo media., under fertilizer treatments . 

Appro l atcly 20, of the carrot seed germinated when dried blood 

·was applied at the lm.vest rate in contact ,vith the seed in soil, 

or as a broadcast treatment 1n soil . Higher-rates of applica­

tion completely depressed se ~1nation in this trial . 

The effect of the dried blood was most marked in pcrlite , 

not only in depression of c ergence of seedlings, but also in 

the general thrift of the seedlings irunediately after emergence . 

ffected seedlings uere stunted and deformed in many cases . The 

young rndicles ~ere foreshortened, brpl-m., suollen at the tips, 

and roothairs were absent . The dried blood fertilizer placed 

in contact with the seed for ed a. band, or zone, of injury. 

Once the young ra.dicle hnd oucceeded in penetrating a.nd 



developing beyond this zone, the seedlins started to grm·1 

stronsly. 

12. 

The glasshouse, being in the last staees of construction, 

was not being run as a. propagat1n5 unit . The lack of shading 

on the classhouse and the fact that it could not be maintained 

at high h idity, resulted in uide fluctuations in temperature, 

and mn.de maintenance of water content within the pots d1ff1cul t . 

In view of these facts the next experiment was set in the pro ­

pagating pits ·or the Horticulture glasshouse . These pits were 

thermostatically controlled to 75°F (24°c) with associated high 

humidity . 

During these experiments with different media containing 

fertilizer, difficulties were experienced in wettin the 

no.tcrial to which the fertilizer was added , probably dn0. to 

the nat re and fine particle cize of the layer of dr1e blood. 

Perlite retained water extreoely \•rell and no wo.tcring lm.s 

necessary after the ini tio.l uet tin -• Sand and a oil tended to 

dry out at the surface . atoring was arblta.ry and was carried 

out uhen neceocary . 1.1 the pots were ua.tered at the same time, 

including those conta1n1nc perlite . 

From thin trial it would appear tha.t soil exerts a slight 

ttbufferln511 action on the inj rious effects of dried blood . 

This tnay have been due to the adsorptive properties of the 

soil in renov1nb from the soil solution substances which may 

otherwise have been toxic to gerniin.'.ltion. 

Sand was selected as· the rnedi for further experinental 
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work since it appeared to be intermediate in effect between 

soil and perlite, and exhibited no great absorptive properties. 

Seeds 

Since percentage germinati on figured prominently in all 

experiments, thorough familiarity with the ge 1nat1on process 

of the seeds was considered essential. 

~ Varieties 

The word 0 var1ety 0 1s used in the horticultural sense 

throughout this study. Seed va rieties examined were: 

Cress (Lep1d1um sati vumJ 

Cabbage (Brassica oleraeea) 

Turnip (Brass1ca ~) 

Lettuce (La.ctuca sativa) 

Radish ( aphanus aativus) 

Leek (Alli um porrum) 

Tomato (Lycopersicum esculentum) 

Parsley (Petroselinum crispum) 

Parsnip (Pastinaca sa t1va) 

Five hundred seeds of each variety were pl a ced on oistened 

filter papers in petri dishes, one hundred per dish, the seed­

lings being counted daily and removed from the petri dishes at 

the f1rst green leaf stage . As incubator space was not avail­

able, the oeeda wer germinated .on an open bench. at room tem­

peratures ranging from 13° - 21°c. (55° - 70 F) 



• Defor ed and Normal Ger in t1on of Cabbabe Seedlings • 

(1) Deformed seedlin s, er inated in contact with 

0.00375 ammoni hyaroxide solution. 

(2) Deformed seedlin a, e inated in contact with 2g. 

dried blood fertilizer in oand . 

(3) ·ornal seedlings e ,inated 1n cont ct I th distilled 
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Germination Counts. 

Germination may be defined as the emergence and develop­

ment frolt. the seed embryo o:f those essential structures which 

are 1nd1Qlt1ve of its ability to produce a normal plant under 

favourable conditions . The observation was made in fertilizer 

injury experiments, that the radicle emerged from many seeds, 

but this was as far ae germination and subsequent growth pro ­

ceeded. Stunting of the seedling and ultimate decay frequently 

resulted . It was found necessary in ma.king gemlnation count.a, 

to set some arb1tary point 1n the develop ent of the yo seed-

11 , at which germ tion was regarded as being satisfactorily 

concluded. This point was to.ken a.a the opening of the first 

green leaves, or cotylendonary leaves. At this stage, assuming 

no interference from other factors, the seedling could be ex­

pected to emerge from the soil and ow under natural conditions . 

The seeds were individually examined for percentage ger­

mination, eaae of handling of seeds in large numbers, s peed and 

evenness of germination. and the percent~ge of healthy and de­

for,ed seedlings. 

In recording results, seedlings were classed into three 

groups: -

(l} Normal ----- denoting seedlings which might have been 

expected to continue growth to normal 

plants . 

(2} Deformed --- denot1ns seedlings where the plumule was 

present , but there the radicle was fore ­

shortened> swollen, and without roothairs. 



TABLE II 

Speed Of Germination In Sand Of 10 Seed Varieties~ Recorded As Percentage Germination 

Seed Variety Speed Of Germination 

41 5 6 7 8 9 10 11 12 13 14 
days 

15 16 17 18 19 20 21 22 23 24 

Cress 73 17 5 1 l l 

Turnip 8 44 2.3 5 3 2 

Radish 8 41 25 21 l 1 

Cabbage 80 ' 15 2 0 2 

Lettuce 88 5 0 2 

Leek 12 28 17 14 5 4 2 1 0 l 

Tomato 8 9 1.3 20 7 10 4 7 5 5 2 3 

Qarrot 10 27 20 15 3 1 1 1 

Parsley 7 8 6 9 5 6 5 5 3 1 

Parsnip 18 13 8 10 8 5 2 3 0 l 
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Results :-

Stuntin5 and subsequent de~th of seedlings 

--r.-,#~--u~~,ual~y resulted . 

decayed. oeedlings where germination hn.d 

gone only so far s the emergence of the 

radiclc with subseq ent decay of seed and 

rad1cle, and hard seeds \lhlch h d not 

germin ted or •Tere no longer viable . 

Speed of Germination: -

'.rhe results of seed examination are presented in Table II . 

Seedlings were counted and removed from the petri dishes 

as soon as the first leaves appeared. Results presented in 

this Table are the average germination percentages of 5 rep­

lica~es of 100 seeds for each variety. 

Some seed varieties e . g . cress, lettuce, cabbage, turnip, 

radish, proved to be very quic' in germinating, 7 days being 

the total germination period as recommended by the International 

Seed Testing Association. Germination was characterized by the 
-majority of the seeds reaching the first green leaf otage at the 

same time . The initial germination count was therefore very 

high, a.nd la.ter counts were very low. This group wa.e therefore 

designated, ''quick-germinating. 0 

group of 11mec11 - fast e inating'' seeds. requiring 7-16 days 

to complete the process to the first green leaf stage . 

Germination collnts were moderately low, but were consistent 
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over this period. 

The remaining seeds, parsnip and parsley, were c lassed 

as uslow- errninnt1ng'1 varieties, since not only did 14 days 

elapse be ore in tia eM1ina.tion counts coul.d be made, but 

the germin tion process was prolonged with very low daily 

counto . 

Analysis .Q.f ~ Gerr ina t1on: -

An analysis or ~eed germ nation is presented 1n Fig. l . 

Percentage germination was at, or above, the 80% level for 

most var1e~1ee . Total germination for parsnip and parsley 

was low, and a high percent ge of the seed fell into the 

i1 bnormal 11 class, apparently fro l ck of v1ab111 ty . Cress 

showed a high percentage of deformed seedlings . 

16. 

s a result of the germination trials severa.l varieties of 

seeds were discarded as being uns ited for the experiments to 

follow. 

Tomato seeas, being extr cted fro, pulp 1n the seed pro ­

duction process, tended to be stucc together in groups of 2 or 

3 seeds . A percentage of the seed wao a1so broken and chipped. 

Both these factors made seed countin slow and tedious . Though 

germination percentages were high, the germination process was 

very prolonged. 

Parsley w.as iac d as unsuitable for further ~ 

experiments as a result of the very long period required for 

germination to proceed, the ulti ate low germination capacity, 

and the aggregation of the seeds into groups of twos and threes . 



Parsnip seed was lilrnwise discarded because of the long 

period required for ger.:nination, the 10\·r erminat~on percentage 
• .., • .. ·; • .,,, '.',. -4 .. • J 

in relation t o other v:;_riet ics , .:a.nd .. 1fte .. presence- of fun al con-

taminants which cold have been carried on the seed, or could 

h ve been favo1red by nutri ent substances from germ1nat1n seeds . 

Fungal contaminants were not present in the petri dishes in whi ch 

parsley seeds were gerrninnted, o.l though the cond1 tions a .. 1d period 

required for germ1nn.t1on of se de were similP..r . •r11e stlmula.tion 

of moulds by organic fertilizers hn.a been c1 ted by some wor1cera as 

a possible indirect cause of er ina.tion loss. Therefore, tho 

possibility of fungal cont mination of seed could not be permitted . 

From the remaining variet1eo, lettuc- , cabbage, radish, leek, 

and carrot, were selected ror further experiments . These varieties 

all showed h1b,h percenta e germination, a. range in speed of ger­

mination, and the seeds were small but easily- counted and handled . 

It was realized that d1fficult1es 1n maintaining an even moisture 

content in pot experiments 1n the la.sshouse would be experienced 

with seed varieties requiring periods gre~ter than lL~ days to 

co·plete germination. The choice of t.heae varieties therefore 

gave 3 "qulck- eerrrinn.ting ' varieties 1n lett cc , cabbage, nd 

radish, one relatively quick.ly- ,erm:tnating variety in · ee, and 

one variety requiring a 111- day ge inat1on period 1n carrot . 

Effect g£ Cont act Placeoent Q.f. Dried Blood t 'ertlllzer 9.!1 

Percentage Gcrminntion . 
. 

Lettuce , l eek , and carrot wer e selected fo r 

under glasahouoe conditions . The speed of 6errnination was the 

important factor in selecting these varieties . The range 
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covered by gern1nat1on period 1n this uay, was from 5-7 days with 

lett ce s~ed , ,.,_ 1n · 6- 12 .days w1tb leek ;· n-o; 9-:i4 days 

with carrot s d . T'nough the ature of the seed varieties 

differed, there wa.a in some part , a check on time effects of the 

organic fertilizer injury to germination of seeds . 

Therefore, lettuce , lee and c rrot oeeds uere germinated 

in sand , 1n contact w1 th dried blood fortiliz,er. Fertilizer 

applications were at the ratee of O, 1, 2, 3, 4 , and 5g. of 

dried blo.:>d. For each seed variety there were two 5 inch plastic 

po ts containing 100 seeds per fertilizer treatment . The pots 

were filled with clean, w shed river sand, the fertilizer sprink­

led over the surface, the seeds sown and lightly covered with 

1/8 inch of sand. The pots were watered until water leached 

freely from the base. n draining, the pots were covered with 

sheet glass, pl,ced on the open bench 1n the gl asshouse, and the 

seeds left to germinate. Ge 1nation counts were made daily. 

Results: -

The rooults of t he experiment, presented in Fi. 2, show 

the percentage germination of the 3 seed varieties under 

1ncroas1 r~tea of ap 11catlon of dried blood fertilizer. 

Incre .scd rates of apnlicatlon of d:r.;ied blood. generally resulted 

in decrc sed total 5e inatlon of oeeda. Let .ice seed, exce t 

in ono instnncc, showed the ghest total gerc tnati 

order. t rates of applic tion of dried blood 

per pot , the tot l ger a tlon of c rrot seed ,.;as negligible. 



FIG. 3. Analjsis ot ~ermination of 3 
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Lettuce seed , a very 11 auick- germinatlng 1
t variety, would 

appear to esc pe them ximum effec decom~oaition products 

of the dried lood . Leek and car rot see$ with longer germi ­

nation periods, tere more subject to fertilizer effects . 

Though one seed variety may be more or leas susceptible than 

another seed variety to orLan1c decomposition products, it is 

likely that speed of germination 1a one of the moat important 

factors in degree of injury to germination. 

Ge ination Under Incubator Conditlo.ns~-

S1nce the original gc ino.tion trials were carried out 

under fluctuating room temperature~, further samples of carrot. 

lettuce nd leek seeds rn~ tested fot:: germination percent.ages 

1n an incubator at 24°c . (7S0 F.). The seeds ere gennin ted in 

petri dishes, 100 aoeds per dishr, in the same manner es pre­

vio 1sly describe • . Pive hundred seeds were examined for ea.ch 

variety. 

Results :-

An analysis of the eer:n1n,,,tion trials is pres ted in 

Fig. 3. Result.,s are 51ve~ as nverage germination percentages . 

Save for a gen~r l opeedlng u of the whole germination pro ­

cess for a.11 the varieties, res lts merely confirmed the 

earlier \· or I' era.ge germinqtlon perc~ntages were slightly 

lower for lettnce and l eek , and. sli ~tly, higher for carrot . 

All varietl.es vere j dged suit ble for further experimental 



Chemical Analysis 

Sampllng :-

Sampling was carried out at all times 1 mediately before 

analysis for ammonia and nitrate content . 

Ammonia~ Ni trate Determinations :-

20 . 

~onia was determined by an adaptation of Oloen ' s method 

(Flper, 1942). The sample of approximately 80 g. sand (fertili ­

zer- treated) was placed in a beaker, to which ua.s added 50 ml . 

of 2N potassi\L'.l chloride solution acidified with O. lN hydro ­

chloric acid pH 2. After stirring intermittently ror 30 

minutes, the suspension was filtered and then leached with 150 

ml. potassium chloride solution. 

For the determination of amnonia, tlle filtrate, together 

with 200 ml . d1st1lled water and 3- 4 g. of magnesium. oxide, 

wa.o heated in a distillation apparatus . Th~ distillate ,,.,as 
collected in standard sulphuric ac1d . Tho excess of "'Cid was 

titrated with standard eodlum hydroxide using a bromocresol 

green-metnyl red indicator. The amount o:f amn.onia.co.l nitrogen 

is recorded as m1111gra.ms of nitrogen per core. 

For the determination of nitrate,, the volume or the 

liquid 1n the dist.illing flas..r.t -ms restored to the original 

level with distilled water, a:!~., approximately 2g. of' powered 

Devarda •s alloy were adde.d. The distillation wae reco~menced 

into a further quantity of standard sulphuric acid. Tho exceso 

of acid was again titrated with otandard sodium hydroxide, 

using a bromocresol green-methyl red indic tor. 1"he amount 



of nitrate present is expressed as milligrams nitro5en per 

core. 

Blank determinations were carried out using all the rea­

gents employed 1n ma.king the sand extracts. 

Indicator: 

The indicator used during all ammonia and nitrate deter­

minations was a bromocresol green-methyl red mixture . 0.1% 

aqueous solutions of bromocresol green a.nd methyl red were 

mixed 1n the ratio. of' 5:1 respectively. 

21. 

Uethyl red by itself' was found to give an unsatlsfa.ctory 

end point . With the bromocresol green- methyl red mixture there 

was a definite blue- grey pink colouration following an alkaline­

neutral-acid change. 

:gH Determinations: 

pH dete rminations were made using a Cambridge portable 

pH meter fitted with Beckman glass and saturated calomel 

electrodes. 
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CHAPTER III 

TH~ EFFECT OF /JDDED CARB HYDR TE ON THE SU3CL)TIBILITY OF SEEDS 

TO INJURY BY DRI·<D BLOOD 

Since dried blood contains more tha.n sufficient ni.trogen 

to satisfy the demands of the proteolytic microflora, substan­

tial amounts of both a~monia and nitrate will inevitably appear 

in a system in which dried blood is the major material undergoing 

decomposition. 

If the extent of ge lnation injury is determined by the 

concentration of either, or both, of these mineralized ferns of 

nitrogen, it should be possible to reduce this effect progress ­

ively, by the addition of increasing levels of carbohydrate to 

a fixed amount of dried blood. Addition of finely - divided 

starch or cellulose should effectively raise the C:N rat1c, 

and, because of the relatively slow degradation of these poly­

saccharides, it was expected that their effects would be con­

tinued over a lengthy period. The pot experireent described 

hereafter ras designed to determine whether the incorporation 

of starch with dried blood resulted in an increased percentage 

5ermination of leek seed over that obtained in the presence of 

dried blood alone. The similar effect of cellulose is des ­

cribed in another connection in Chapter VI. below. 

Met hod 

The experiment was set up in 5 inch plastic pots . using 

sand as the medlun to carry fertilizer and carbohydrate 



treatments. Carbohydr~te was added in the foro of powered 

starch, commercial ''Robin'' brand. 
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Leelt s eed was used ; one hundred seeds bei ng sown per pot. 

Leek had certain advantages for this test: the percentage of 

germination was high in the standard trials on moist filter 

paper, the seeds were easily counted and handled, and the ger­

mination of individual seeds extended over 14 days. In the choice 

of seed variety for this study, the speed of geroination is re­

garded by the writer as being a very important factor . By using 

leek seed, the effect of fertilizer and carbohydrate treatments 

could be evaluated over t he full 14 day germination period. 

Germination was considered complete when the slender" looped 

cotyledon turned green. 

Treatments 

The treatments comprised: -

(1) Control pots containing only sand with the seeds. 

(2) Sand• 3g. dried blood in contact with the seeds . 

(3) Sand , 3g. dried blood and Ig. starch, 1n contqct with t he 

seeds. 

(4) Sand, 3g. dried blood and 3g. starch, i n contact with the 

seeds. 

(5) So.nd, 3g. dried blood and 9g. starch, in contact with the 

seeds. 

(6) Sand , 3g. dried blood and 21g. starch, in contact wi t h the 

seeds. 

(7) Sand, 21g. starch in contact with the seeds. 

(8) Sand, 9g. starch in contact with the seeds . 
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(9) Sand , 3g. starch in contact with the seeds. 

Each of the treatments 1- 7 was replicated 15 times, while 

treatments 8 and 9 were replicated 5 times only. In this way 

germination cotmts were replicated 5 times for each treatment 

and there remained 10 pots per treatment which were sa.mpled for 

chemical analysis . Treatments 8 and 9 were not sampled, since 

any effects of starch treatments on germination 10 ld be mag­

nified, pres ably , at the higher rate of application of starch, 

21c. of starch per pot . 

The pots ere set up in the followi ng manner which modified 

according to the treatment applied. Bric. crocks allowed for 

adequate drainage at the base of the pot . The pot was filled to 

the rim uith sand. The powered starch and dried blood mixture 

which had been previously t.,round and mixed with a mortar and 

pestle , was sprincled evenly over the sand, and mixed into the 

top inch. The pot was watered u~til water drained freely from 

the base . L~ek seeds were sprinkled over the level surface and 

co~rered 11th a thin layer of sand. The pots were set 1n a heated 

pit of the Horticult re propagation glasshouse . 

The pots were not directly watered again throughout the 

experiment. l1i th the high humldi ty at which the pit was raa.1n­

talned, syrin " ng of the sand surface with a 1st spray was all 

that 1as necessary . The pit we,s ther:w.ostatically controlled at 
0 0 

75 F. ( 24 C.) • However, glasshouse routine required the opening 

of the pit 3 times daily for syringing and ventilation of mater­

ial bein& propagated by the Horticulture Depart nent. This resulted 

in unavoidable temperature fluctuations, despite the temper ture 



barrier pr•ovided by the glasshouse. Maximum and minimum thermo­

meters placed i-iithin the pit show-ed fluctuations in one 24 hour 

period of 65°F~ - 94°F. (18°c .-34°c . ) 

Sampling: 

Sampling was carried out immediately before a.na.tysis for 

ammonia and ni tra.te content. l?ots to be ea.z: pled were brought 

into the laboratory. The sampler consisted of a. cor-lt borer,. 

1.,25 ln .. in diameter, with a rubber plunger to remove the eore 

of material after the sampler had been pressed into the medi • 

A mark made on the sampler gave· core, 1 . 5 in. 1n length, al­

together provid1ng a moist ·e13ht of' approximately 80g. The 

sampler was washed thoroughly ':-Ti th d.is tilled v..re,ter bet ;reen samp­

lings .. 

Exan.t weights of samples ,1er;:i not deemed necessary, since 

treatments were in all cases appl1ed onl.y to the top :tnch of 

sand. Equal cross-sectlons of tr""atcd material were ta.ken in 

the sampler. The mol~ture content in the pota wa.a never high 

enough to permit the lea.chin of nutrients,. or of injurious 

factors, from tho surface inc of medium. Samples were not 

taken immediately around the circumference of the pot where 

fertilizer distribution may not have been even. Du.plicat~ 

analyses t,,,rero :na.de on cac pot.. A fresh pot per treatment was 

sampled for each new series of analyses. 

Chamiaal Analysis ~ Ammonio. .... nu .i:ri t_ra.te. 

As the sample was taken it was placed in u beaker 



TABLE III 

Periodic Ammarl.um Nitrogen Analyses Of Sand Containing Starch and Dried Blood 

Treatments Ammonium Nitrogen (in mg. per core.) 

Incubation Period in Days 

Dr. Blood Starch 2 3 5 7 9 11 ]J 17 (in g .) (in g. ) 

3 1. :38 1.s; J .48 2.88 3.42 2.97 2.49 2.94 

3 l 0.44 0.19 o.ss . 2.01 2.47 2.12 3.cn 3.61 

3 3 0.44 0.41 o.46 o.86 1. 76 1.64 2. 01 3.01 

3 9 0.39 0.49 o.e2 0.75 1.74 1.52 l.ot. 1.24 

3 2l 0. 2; 0.36 0.21 o.;5 0.40 0. 59 0.70 0.7; 

21 0.27 0.12 0. 21 o.os 0.03 0.14 0.03 0.14 

No Treatment 0.24 0.3:3 0 • .38 o.16 O.Ql 0.14 0.09 0.12 
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and covered with 50 ml . of 2N potassium chloride sol tion 

acidified to pH 2 . .fter 30 m1n tes w1th occasional ot1rr1ng, 

the suspension ·ras filtered. and the r esidue le ched with an 

additional 150 ml . pota.sslum chloride solution. Analysis for 

ammonia con ent ras then ca1rl~d out, followed by a dete 1nat1on 

of nitrate content. Both m thods have been de crlbed under 

Materi a ls and .ethods . 

pH Determinations 

Samples rem treated pots ,ere t aken for pH de -r lnetions 

at the sam~ t ine as aamples wer·e t.aken for chemio~l a 1e.lys1s . 

tJslng the s:1.mpler, approxi mately 506. r:ioist wei'"' t were t aken 

a.na washed tnto a beaLcer wl th 50 ml. distilled wa.tor . pH 

deter~lnations were made immedi1tely . 

Results 

Results of nitrogen determinations ara recorded in Table 3. 

The un ts appear a s milligra.ms N per core, since ater content 

in the pot was not regulated no me9sured at any stage • . The 

fiG res given are the average values of duplicate analyses for 

each trea.tment, corrected by blank d_etermlnations of' nitrogen on 

the reagents used . Eight sets of analyees were made . T1mes of 

saoplinc are recorded in the t abl. 

Dried blood treatment by itselr g ve the highest a!Illonia 

values. Those values rose to a peak which was s stained over 

several dayc, and ~,hlch :fell only el ghtly by the time the 

experiment waste inated after 18 days . Ammonia values for 



B. Germination of cabbage seed in cdnt:~ct ' '.tri th increasin 

concentrations of dried blood lb rui..~n. 

Levels of Applicu tion ot Dr1'ed JUbo~·. 

l. to r. Og., 0.5g., \lg~; 1 . 5g • 

2g., 2.5t: ., . 3t ., ,, ( 3. 52: -
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sand alone, and for the treatm nt incorporating 21g. st rch, 

were so lo thn.t they co 1 be -eliminated as a source of 

ge ination inJ ry . 

1th ~ncreasing a.mou..~tn of starch applied with the fert ilizer 

i n the sand medi , ammonia value · re initially very low and 

comparable to thooe val es obtained usin sand only , In all 

cases, however, as the experiment pro0resscd there was an in­

creasing quantity or ammonia determined in the analyses. ,it:.h 

the loweot a.pp11cat1on of starch, Ig. per pot , this buildup of 

ammonia was apparent at the third sampling. Treatments com­

prislng 3g. starch and 3g. dried blood, showed the rise iu 

ammonia concentration at the foLt.rth sampling. \ 1th 9g. starch 

plus 3g. drled blood, it appeared in the fourth and fifth samp­

lings, and H1th 2:J_g. starch in association with dried blood, the 

rise was not apparent until the seventh and final sets of samp­

lings . 

Ge 1nat1on counts are not recorded since germination of the 

leek seed was uppreased or did not take place, except in one or 

t o isolated cases . An extremely difficult physical condi t ion 

for seed germ.inat1on, in the form of very hard encrustation or 

t he surface sand in the puts,_ may have been the cause of germina.:. 

t1on f;,. lure. Even at the 10\rost rate of applica on of starch 

this surface crustins was ev dent. Norm l ger,in t~on occurred 

in the cont ol pots . o seedlings appeared in the treatments 

with 3g. dr ed bl001"1
• 'l.hie ,-ms to be ex ~c ted however, as 

germ1z,..at1on counts were very low at, t his 1-ate o'f: applic tion 



IV 

'Br1CJtll..C pR Values ot 0
· Stat-ch Dr1i ilood. 

Treatments 

Incumtion Peri 

Dr. Dlood St.arch 
2 3 s 7 9 11 13 17 (in g. ) (in g.) 

.46 1.00 8.0'J 7. 92 7.47 8.20 1.,s 7. 26 

' l 7.60 6.66 1.39 1. irt 7~84 8.19 7~S9 7.67 

3 3 a.o; 7.36 1.2s a.03 a.oo a.ex> ?. tr'! 8.43 

3 i </ a.,2 7.64 ~,.25 8.04 8-.22 7.96 7.94 s.o 

3 21 e.60 s.26 s.~ 8.61 s . 39 8. 22 1.00 a.64 

21 8.16 e.44 s .05 8.60 s . 59 a.56 8 .. 56 s.57 

,t I 7.19 7,19 1~21. 'l , 21. 1.r 1 7.15 6. 92 1.01 
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o drie blood 1n a pilot tr1cl run prior to the experiment. 

pH ~ea.o remonts made at the times of sa.rripl1ng are preoented 

1n Table IV. The 111gb. pH val es obtained from trea.tments includ­

ing stare , indicated that alkal1n1ty., in the medium might have 

been a factor 1nfl encing germinatl.on in this experiment, . 

ccordingly, the pf of a. slurry of the 11 ,ob1n11 brand starch in 

, ate.i.· \-Ta.a deter:ninvd, giving a v ln of pH 9.06.. S nee this 

starch •·ra.s flnely powered for aundr:9'. 'lse, 1 t t s poss. ble that 

sor1e t:ddl tlve was present which would. t~ise the pH t0 tho 

mentioned level . nala.1• stn.rch g&:ro a pH vnlue of' 7 . 55 ~ hen 

-"t.c-s ted in the so.me way . 

All treatments in which stc.rch · s appl i.ed together with 

dried blood showe~ an initial :fc.ll nno -pl!, followed by a rise 

to highly al'rn.line values • 

.:Ti t,...ate determinations were .,., o, ::bu,t only negligible 

a.mounts ,-,ere detect d ovor t e l he experi emt ,. . 
Followinc the failure oi' ~e-"Dll11..;a~1on of the le k c;eed, this 

I < 

experiment developed into t lndir9ct study of the rate of mineral-

ization of dried blood in sand. 
I , 

,· f3 such, 'it confirms the re ... l.u. ts 

of other wor-:ers such a. 0 en ;:md i insor (1950) .. The minerali ­

zation of dried blood is a.ocoJ't\patnied by' th prod1ction of app­

reciable amounts of ammonia a~d a corrcspon ing r1oe J: alkalin -
' 

ity in the edi • The in1 tlal ta]l in .,I o 1~er~rod could h vc 

been caused by the ralease of orb n1c ~cias :l tJ c dt.compos.i.ng 

dried blood. 



Follot·ring, tl'>e difflcul tics ui th crueting of the oedium, high 

pH values for st,0.rch, o.nd fluctuations lr. ,moisture content and 

the temper•at.ure of the pit~ it was decided. to experiu•ent further 

along th.es"' lines, but under more controlled conuitlons in the 

laboratory. 
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CHA TER iv. 

SEED GEffi.INATI0N PERC T. G..:S, .l?H LEV~LS, AND 1 ONIA AND 

NITRATE CONC-I~rRATIONS IN SA D- D IED Bl.00D ·•I 'TURES . 

The aim of this experiment was comparable with that of the 

starch method just described, but rather than raising the C:N 

ratio in the mediurr, ratos of application of dried blood in 

contact .rith the seeds were procressively increased. The experi ­

ment was curried out in etri dishes in a.n incubator maintained 

at 24°c9 Sand was used as the medium, 80g. dry weight being con­

tained in each dish. 

Treatments 

The treatments comprised:-

(1) Control, containing sand only . 

(2) 0 . 25g. dried blood per 80g. sand. · 

(3) 0 . 5g. dried blood per 80g. sand . 

(4) I.Og. dried blood per 80g. sand. 

(5) I . 5g. dried blood per 80g. sand . 

(6) 2 . 0g. dried blood per Boe., . sand. 

(7)· 2 . 5g. dried blood per 80£. sand. 

(8) 3 . 0g . dried blood per 805. sand. 

11 treatments were replicated 12 times . 

Setting .YJ:2 ~Petri~ 

Where fertilizer uas to be used, the 80e;. dry sand together 



with the appropriate rate of fertilizer application were ground 

and mixed with a mortar and pestle . Three filter papers , placed 

at the bottom of each petri dish, were moistened with 20ml . 

distilled water. The fertilizer- and mixture was evenly dis ­

tributed over the surface. The water spread upwnrds by capillar­

ity through the sand in the petri dish. The amount of water 

added was just sufficient to give a moist substrate for seed 

germination. Fifty cabbage seeds were spread evenly over the 

surface and covered with some fertilizer- sand mixture which had 

been previously withheld . Incubation follo •1ed. 

Germination counts were made every two days, and were totalled 

at the end of the 7 days germination period. 

Relation of~ Sow1Ahs ~ Incubo.tion .Q.f Fertilizer 

All 12 replicates of each treatment and the control dishes 

containing sand only, were placed in the incubator at the same 

time . However, sowing of seeds was done in relays . As the 

seven days forming the germination period for one set of seeds 

passed, the seedlings and dead seeds were removed from the surface, 

and a fresh number of seeds were sown. Seeds were sown 1., 3, 5, 

and 8 days after initial incubation of the petri dishes . Re­

sults ~re recorded as final germination counts . Thus, for the 

first seed sowing, the figure given is the average percentage 

germination for 6 dishes of 50 seeds each, and the figures for 

the second, third and fourth souings a.re the averages of four 

dishes of 50 seeds each. 



ERRATA, thesis copy number one. 

Table V. 

C ta-ol 

o. • 
1. • 

1.5 • 

• 
2.5g .. 

3. • 

Incubation period before sowing seeds 
(days) 
Should read I, 3, 5, 8, days instead 
of I, 2, 3, 4, days. 

) 

l 3 5 8 

9 

9 74 

92 94 6 

"/4 0 0 

76 0 

so 0 0 

34 -
26 0 -
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pH Measurements 

pH measurements uere made on the contents of the petri d1shes 

before ammonia and ni tro.te determinations ·were made . The contents 

of each dish were washed into a beaker 1-11 th 50ml . distilled water . 

After thorough stirring, a pll measurement was obtained. 

Chemical Analysis 

Immediately following the pH measurement of each sample 50ml . 

acidified pot".ssium chloride were added to the beaker. The con­

tents were then allowed to stand with occasional stirring for 30 

minutes . Filtering of the suspension and subsequent leaching of 

the residue with the addition of 150ml . acidified potassium 

chloride, then proceeded as before . Determinations of ammonia 

and nitrate were made 3, 5, 7, 8, 12, 15, and 21 days after 

starting the ex riment . 

RESULTS 

Germination results 

Germination results are recorded in Table V. as final germina­

tion percentages . The control pl8,tes showed a.n average of 96% 

germination throughout the germination trial which ended at the 

sixteenth day of 1ncubat1on. For all treatments the first sowing 

of seed showed hi percentage germination. However, with in­

creasing length of incubation period, and increasing rates of 

application of dried blood, germination percent ges fell rapidly. 

After the· fifth day of incubation, germination was completely in­

hibited for all rates of application greater than lg. Seed counts 

were not ma.de on treatments containing 2. 5g. and 3g. dried blood 
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TABLE VI 

1! 
Anmltnium Nitrogen Ana],1'8es of Dried Blood-Tread Sand Cultures 

A 

Treatmnt Amm.cnium Nitrogen (in mg. per na.) 
Dried Blood I ncubation Peri.od in Days 

(in g.) 3 5 7 a 12 15 19 

Control 0.014 0. 028 0.010 0. 020 0. 0.34 0. 045 o.oss 

0.25 0. 046 o.1oa 0 . 40"/ 0.456 0. 740 0.603 0.649 

0. 5 0. 046 0 . 130 0. 647 0 • .389 o.617 0. 622 0. 818 

1.0 0.091 0.192 l .018 l .415 2.019 1.705 1.999 

1. 5 ~0. 098 0.225 1.200 1.514 2.352 1.960 2.132 

2.0 OJ.68 o.608 1.964 2. 558 .3 . 273 J . ]36 .3 . 430 

2., 0. 175 o.664 2.489 2_.758 - - -
3.0 0.253 0. 753 2.695 3. 572 - - -



per dish after the sixth day. 

Chemical Analyses 

Results of analyses for a.Mnonia are presented in Table 

VI as milligrams nitrogen per ol . of soil solution. 

33 . 

Lo 1 values of ammonia. were obtained from extracts of control 

plates containing sand only, but these values were negligible 

compared with the values obtained from treated plates . For all 

treatments there was a rapid increase in ammonium-nitrogen 

content as the length of incubation increased. The production 

of ammonium-nitrogen vrould, fro□ these results , appear to be 

directly proportional to the rate of application of dried blood. 

The pungent odour of ammonia which had volatilised from the petri 

dishes, was apparent in the incubator after three days of incu­

bation. 

Nitrate determinations were made following ammonia determ1na.­

tions, but until the last few days of the experiment, a.mounts 

analysed were negligible and are not recorded here . 

12!! Results 

These results are presented 1n Table VII . For plates con­

taining sand alone . the pH remained constant . With the lower 

rates of application of dried blood (0.25 and 0 . 5g. per dish) 

there uas o, rapid rise in pH value in the petri dishes, folloued 

by a levelling off at relatively high values . With the remain­

ing treatments (1 - 3g. per dish) there was an initial drop in 

pH followed by a gradual rise . The fall and rise of pH value 

appeared to be proportional to the rate of application of 

fertilizer . 



TABIE vn 

pH Values 0~ Dried mood-Treated Sand Cultures 

Treatments pH He suremcnts 

Dried mood Incub tion Period In Days 

(in g.) 5 7 8 12 15 19 

Control 7.29 7. 27 1.26 7. -:JJ 7.19 7.21 

0 . 2.s 7.43 7.82 8.ll 8.46 8.26 8.17 

o.5 7. 39 7. 88 8.09 8. 33 8.41 8.26 

1.0 7.46 7.45 7.71 8.45 8.79 B. 99 

1.5 1.53 7.4S 8.04 8. 57 8.84 8.94 

2.0 7.71 7. 40 7. 65 B.19 8. 59 8.89 

2.5 7.72 7.47 7.~ - - -

3.0 7.76 7.42 8.01 - - -
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From the ery high ammonium- nitrogen values obtained , the 

high pH values associated with them, and from the corresponding 

injury to germination as recorded by successive seed sow1ngs , 

it appeared that there were several factors or combinations of 

factors, which might be responsible forge ination failure . 

These were the presence of the onium ion, the presence of 

high concentrations of hydroxyl ions, or the presence of toxic 

concentrations of free ammonia . The follow1.ng experiments were 

designed to test these hypotheses . 



CR! PTER V. 

INVESTIGATION OF THE EA FECTS OF l OI:IU -1 ION, HYDRO YL ION AND 

FREE l• ONI CONCENTRATIONS ON GK 'INATION. 

In the preceding section it has be~n sho~m that germination 

injury became increasingly marked as mineralized nitrogen 

accumulated . This injury could arise from any one, or combina-

tions of the follm·1in · factors . 

(1) a specific injurio..ie effect of the ru::imonium ion. 

(2) a specific injurious effect of the hydroxyl ion. 

(3) a specific injurious effect of free amnonia . 

The experiments reported in this section were designed to 

enable a decision to be reached on this matter. 

Suec1 ... l Techniaues For Dilution \ ork ------=- ---------------= ------------- -
Following the incubator experiment, it was decided to 

attempt to produce injury to germination by supplying either 

the anmonium ion, the hydroxyl ion; or free ammonia , from 

inorganic so rces and then to reproduce this effect through the 

agency of the dried blood fertilizer . 

Diffic lties were soon experienced in handling seeds-in 

contact with solutions. In pilot trials, 50 cabbage seeds lTere 

germinated on filter papers which were moistened with 10ml. of 

ammonium hydroxide over a range of concentrations . The lids of 

the petri dishes were greased \Ti th vaseline to prevent the es ­

cape of any volatilised azr_ .... onia, but the method uas not satis-
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factory . Very little a onium-hydroxide solution could be added 

to the petri dishes without waterloscing the seeds . 

Attention was directed towards germinatinc the seeds in 

contact with a larger supply of standard solution, so that pH 

measurements also could be made . Straight- sided glass bottles , 

5. 5 in. in height e.nd 2. 5 in. in diameter, were obtained. The 

bottles were provided with screw-top, bakelite caps . Two 

h undred ml . of the solution under test were tacen in each bottle . 

volume of approximately 100ml. air remained for the germinating 

seeds . This proved to be sufficient for the purpose . 

In the first trials, 5. 5cm. filter papers rere floated on 

the surface of the solutions uith the aid of small cork rinr:s . 

The seeds placed on the filter paper surface, while free of 

Haterlogging conditions , were still in contact uith a large 

vol e of standard solution. However, the ammonium hydroxide 

sol·1tions were discoloured by the corr rin~s and 1 t was thought 

advisable to.adopt some other means of floating the seeds. 

A trial was made with paraffin wax ' floats. The wax was 

cast in a circular mould• 1.5 in. in diameter, to form a hlock 

0 . 25 in. in depth. As with the cork rings, the seeds were 

germinated on a filter paper supported on this uax float . This 

wao a more successful method but germination percentages were 

still much below those obtained in the original ge ination 

tests u1th the seed varieties . The filter paper, despite the 

wax float. tended to become waterlogged. 

To overcome t his problem, it was decided to attach stands to 

the floats . In this way seeds could be germinated on a platform 
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slightly above the surface of the test solutions . A crucible 

was inverted, and the paraffin uax float attached to this by 

means of a column consisting of an inch of household candle. 

The entire stand was approximately 3 1n. high. This stand had 

to be revised later. since the candle proved to soften and 

beco e plustic in dilute ammonia solutions. 

The final form of the stand was satisfactory. Both the 

platforo and the stern of the stands were formed from puro 

paraffin wax . All resulto g1iren hereafter are germination 

counts of seeds grown on pure paraffin wax stands . 

The procedure in filline the bottles was as follmrs . All 

bottles, lids, and wax stands were washed thorou5hly and rinsed 

in distilled water. The stands were pla.ced in the bottles and the 

ap~ropriate solution was added until the liquid was at a level 

slightly below that of the paraffin wax platform. Fifty or one 

hu.ndred seeds, depending on the variety. were then germinated on 

a filter paper laid across the platrorm. The filter paper was 

kept moist by contact wl.th the solution below. The lids on the 

. bottles were screued down for the period required for completion 

of germination of the seed variety under incubation at 24°c. 

(75°F.} . The bottles ·rere t.hen o-pened and the seeds examined 

individually. 



TABLE VIII 

Effect or Ammonium And Other Ions On Gormination Of Cabbage Seed 

Normality Percentage Germination 
of 

Solutions 

(Nl\)2C03 12003 NH4c1 KCl NaCl (NJ\)~°4 

0. 3 - o.5 0 0 0 0 0 0 

0. 2 0 0 0 2S 8 0 

----

0.1 0 0 33 74 46 81 

Solutions 
Corrected 
For Q.P . 

0 . 2 0 0 ,. 

0.1 J8 .3.3 

o.os 57 $2 
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Effect 2.f. Ammonium Ion Concentration Q!! Germination 

It has been Tell established by many orkers that 

fertilizer injury to young aeedlin&s can occur throush plas­

molysis of cell tissues by high electrolyte concentrations in 

the soil solution. In order to test the hypothesis t hat the 

ammonium ion has a specific injurious effect on germination 

over and above the plasmolyt1c effect, an ber of solutions 

were prepared from salts composed of varying combinations of 

similar anions and cations: ammonium carbonate, OJI1Ironi 

chloride, ammon1 sulphate, potassium carbonate, potassium 

chloride and sodium chloride. From each of these six salts , 

0 . 5N, 0 . 4N, 0.3N, 0.2N, and O.IN solutions were prepared. 

Distilled water was used as the control. 

The treatments were replicated 4 times. Cabbage seed was 

used as the seed variety. The experiment was carried out in 

glass bottles as described under Special Techniques . The 

bottles were incubated at 24C. (75F.) for 7 days. 

Results 

The results of this experiment are presented in Table VIII 

which records average percentage germination for the 4 repli­

cates. The folloulng points emerge. Germination was completely 

inhibited by the three most concentrated solutions of salts 

employed (0 . 5~, 0.4N, and 0.3N). 1th 0 . 2N solutions, all 

three ammonium salts completely inhibited germination of 

cabbage seeds; however, both potassium o.nd sodium chlorides 
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permitted some germination but at levels substantially lower 

than the control in distilled water. The reason for the 

lower percentage gern1nation in sodium chloride solution as 

compared 111 th potassium chloride is not clear, al though 1 t 
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su gests that the sodium ion has some specific repressive 

effect. The same effect was apparent with the O. IN solutions • 

. Germination percentages with O. IN sol tions of potassium 

chloride and ammonium sulphate were high. Ammonium chloride 

(O . I} also permitted germination at low level . Ge inat1on 

was completely inhibited by both ammonium and potassium car­

bonates. 

The solutions of the salts at the O. IN and 0.2N levels 

were checked for pH values immediately prior to, and immedia­

tely follo1ing the experiment. These pH values are recorded 

in Table IX. 

If hydrogen ion concentration linits germination, a 

~os~iblc explanation for the complete inhibition of germination 

by all concentrations of potassium carbonate emerges from the 

high pH val eA recorded in the table for solutions of potass­

ium carbonate. 

In the c se of a.mn,onium carbonate, germination wa.s inhibi ­

ted at all concentrations . Three factors could have been res ­

ponsible, sin ly, or in combination: plasmolytic effects, pH 

effects, or free o.mmonia effects. Inhibition of -erm1ns.t1on 

solely as a resuit of a specific injurious effect on germination 

of the amrr,onium ion, can be elininated on the results of this 



TABLE IX 

pB Valu s Of Almoonium And Potnosium Salt Solutions 

pH Values 

Salt 0. l N Soln. 0 . 2 N Soln. 

AJm:oonium chloride 6.15 S.94 

Annoonium carbo te 8.77 8.10 

Amm:mium sulphate 6.02 6.04 

Potassium chloride 6. 38 6. ,32 

Potassium carbonate lD.94 J0. 86 



experlmer1,,, s i nce germination occurred with equir.:iolar 

solutions of ammonlll.r.l chloride and ammonium sulphate . 
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It will be observed that two sete of results are given 

for the lower concentrations of ammonium chloride and ammonium 

sulphate . In the first set of results 7 the a.mmoni un chloride 

solutions apparently had a much greater repressing effect on 

ger 1nat1on than the ammonium sulphate . These results were 

difficult to interpret and we ... nally solved by preparing 

further solutions of the two salts , this ti.me of equivalent 

osmotic concentrations. The ~t that one molecule of ammonium 

s lphate produced three ions to the tro ions produced by 

ammonium chloride, had been c ov~ed. Thus, a molar solution 

of ammonium sulphate produced an osmotic pressure 1 . 5 times as 

great as a molar solution o~ amrr..onium chloride . Further, a 

O. IN solution of ammonium sul ate produced an osmotic pressure 

0.75 times as great a.s a O. I.N solution of , on1mn chloride . 

Accordingly, adjustments were made in the weights of the salts 

required per 11 tre of solu: ion, to obtain compan ble osmotic 

va.lues. 

Fresh solutions were prepared at 0.2N, O.IN, and 0 . 05N 

concentrations . These results are presented at the bottom of 

Ta.ble VIII.Compa.ra.ble germination percentages ,-,ere obtained for 

ammonium chloride and ammonlum sulphate solutions in thi~ ex­

periment. 



Effect of Hydroxyl Ion Concentration fill Germination 

The hypothesis that the hydroxyl ion mi[5ht be· the factor 

repreasing germination was investigated through the use of 

calcium hydroxide, ammonium carbonate, and potassium carbo ­

nate solutions over a wide ranbe of pH values . 

Potassium carbonate and ammoni carbonate solutions were 

used over a range from pH I0 . 8 to pH 6. 3. The lower values of 

potassium carbonate were obtained by depressing the initially 

high pH value with O.IN hydrochloric acid . Smaller changes in 

pH were obtained by dil tion with distilled water. The pH of 

the ammoniur1 carbonate solution was initially 8 . 48 . The pH 

range was extended above this point by addition of drops of 

ammonia solution, and the lower values were obtained by pro ­

gressive addition of hydrochloric acid . The calcium hydroxide 

solution used gave a pH value of 11 . 86. Hydrochloric acid was 

added to obta n two lower pH values as a check on the effect of 

the ca.lei ion .. The concentrations of all the solutions used 

were not great enough to have plaemolytic effects on the cell 

t1ssueo of the young seedlings . 

Since the c~.rl:>onate 1on is common to both ammonLl.IIl and 

potassium carbonate, potassium carbonate was used as a check on 

the effect of the ammonium ion, or of free ammonia formed by 

the mmonlu.'III carbonate. Calcium hydroxide Has used a.s a check 

on the effect of hydroxyl ion concentration, since ammonium 

hydroxide was used to raise the pH of the ammoni carbonate 
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TABLE .X 

Effect or Increasing 111droJiiYl Ion Caic trat.icn 
On Germination or Cabbag Seed 

Percentage Germina.tion 

So1utiais Ca(OH)2 ~ (64)~0, 

u .86 83 
10.75 
10. 58 78 
10.48 90 81 
10.38 86 0 
10.18 83 
10.05 82 

- 9.92 0 
9.85 Erl 0 
9.71 92 - 9.48 0 
9.36 
9. 22 0 
9.01 0 - 8.90 0 - 8.85 0 
a.75 0 
8.69 100 

- a.~ 0 
s. 0 
8.36 0 
s .30 0 
8. '27 0 -
s .10 0 
7.91 
7.75 80 
7.66 85 
7. 25 92 
7.14 
1.02 94 
6.95 
6. 80 100 

-
6. 55 92 
6.38 86 
5. 25 65 

-



solution. The control for the experiment ias distilled water. 

The experiment was carried out in glass bottles , using 

paraffin wax stands as previously described. The pH of the 

solution under test was established in each bottle 1111r1ediately 

before sowing 100 cabbage seeds per bottle . The lid of each 

bottle was then screwed down and the bottle was incubated for 

7 days . The pH was determined after germination counts had 

been made
7
at the end of t he ge ,ination period. The pH 

values given in Table X , a.re the average va.lues of these two 

sets of r.ieasuremcnts . Little variation w~s observed. 

'Results 

The results of this experiment are given in Table X. as 

percenta e germination, corrected for the control . Three sets 

of experiments carried out under the same conditions contributed 

to these results . 

\1th anr_onium carbon te solutions, germination was completely 

inhibited at a.11 pH levela above pH 8 . I . Germination percentage 

was high below pH 7. 75. 

Gerrnina~1on was very high over the entiro range of potass ­

ium carbonate solutions frori pH 6. 38 to pH 10 . 58, although there 

were signs in the sli tly stunted growth of seedlings at the 

highly al'{aline level t.ha.t the limit of tolerance wo.s being 

approached . 

GerI"ination percentage at pH II.86 in calcium hydroxide 

solution uas slie,htly lower than tha.t of the controls in distill ­

ed water, but the vigour of these seedlings was conpa.rable with 



that of the controls . At the low pH of 5 . 25, ge1 ination 

percentage was still considerable, but the thrift or the 

seedlings was much poorer. 

S1nce with potassium carbonate and calcium hydroxide 

solutions germination was excellent over very high pH levels, 

these results must again point to an injurious effect on 

gormination of either the a mmonium ion, or of free ammonia . 

The following experiments were designed therefore , to test the 

effect of a range of concentrations of a on1um hydroxide on 

se~d germination. 



Effect .Q.f ~ Ra.ne;e Q.! Dilutions gt_ mmonium Hydroxide Q.!1 

Germination 

44. 

The effect of a range of amronium hydroxide concentrations 

on ge inat1on of several varieties of seeds was dete •ined in 

the experiments described in this section. 

Cabbage seed uas used in p1lot trials designed to find 

the limit of tolerance of this seed variety to increasing con­

centrations of ammonium hydroxide . Ammonium concentrations 

below 0 . 004N were tolerated , but with low percentage germination. 

,bove this concentration e ination was completely inhibited . 

As a check on possible differences in susceptibility of 

seed varieties to germinatidn injury in the presence of 

a.tnl!lonium hydroxide, 12 other seed varieties were tested over a 

range of concentrations . These varieties were, lettuce, radish, 

leek, turnip, boracale , parsley , mustard, beet, marigold, cress, 

celery and spinach. 

A series of dilutions were prepared from a standard O. IN 

ammonium hydroxide solution. A check 1a.s made on the no a l ity 

of the standard solution whenever dilutions were made . Seeds 

were germinated on wax st~nds in glass bottles as previously 

described . Incube,tion at 21~c . (75F . ) followed . The bottles 

were not opened between souing of' the seeds and the germination 

counts, to avoid loss of amr~onia. by volatilization. After the 

7 day germ1nat1on period has elapsed, the bottles were opened 

and germination counts were made . 



ABm XI 

Cone: ti 0~ 
Of 13 Vari tie 

s 

0.0012 0.005 
• OH a 

4 

1e 10.0 99 '2 8 

to . 91 f!6 91 l6 

t 81. 41 21 5 

90 76 ll 0 

C 100 99 s 0 

usta 10 86 s 0 

rlgold 61 17 4 0 

acale 90 51 0 0 

fflip 81 37 0 

Lettuce 2 10 0 0 

Cel rr 'o 0 0 0 

S~c 0 0 0 

Parsl 0 0 0 0 



Originally the entire range of dilutions teated for 

cabbage seed extended from a O. OISN solution to a 0 . 00045 N 

solution, with 16 intermediate dilutions. These were not 

replicated because of the limited incubator space available. 

When the particular range of tolerance of ammonium hydroxide 

for ea.ch seed variety was established, replicates uere made 

in that range, an~ just bordering it . Control germination 

counts were made with seeds germinated over distilled water. , 

Results 

Results a.re presented in Table XI , v'i th seed varieties 

requiring very long periods for germination {spinach, parsley, 

celery) no germination occurred, emphasizing the i mportance 

of the speed of germination, in germination injury of this 

kind . The remaining seed varieties appeared to fall naturally 

into 3 groups, according to susceptibility of seedlings to 

ammonium hydroxide . 

1
, 1th boracale , turh1I;>, and lettuce, tolere.nce was very 

low .. GeI""lination was completely inhibited by a 0 . 00375N 

solution. With cabbage , cress and marigold, low germination 

percentages were record~d ,1n the presence of 0.00375N 

solutlons . Germination 1as completely inhibited uith 0.005N 

e.mmonium hydroxide solution. Ra.dlah, leek and beet formed a 

third group in which germination occurred at a low level in 

contact with a 0 . 005N ammonium hydroxicle solution. 

One seed variety from e· ch of the three mentioned groups 

was selected for further detailed study. Radish, cabbage and 



TABLE XII 

Effect. Ot Increasing Ccncentrations Of ni Hy.droxid Cb Germination 
Ot Radish• Cabbage And Lettuce Seeds 

-

Normality Percentage Germination 
ot 

rm4 OH Solns . Radish Cabbage · Lettuce 

0.00750 0 

0.0067; 0 0 0 

0 . 00500 6 0 0 

0. 00400 i 
.... 

0.00375 90 15 

0 . 00350 ,. 

0. 00300 I, 

0. 00250 98 73 9 

0. 00200 
/I', 

0. 001;0 83 

o.ooJ.J; I 

0. 00125 100 84 

0. 00100 96 
... 

0 . 00050 

0.00045 
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CHAPTE VI . 

EF't'ECT OF DRIED BLOOD ON GERMI TION OF RADISH, LETTUCE, 

AND CABBAGE SEEDS r.i.· SOIL CUL'l'URES 

The results of the preceding experiments , together with 

the observed similari ty in form of injury to seedlings 

following germination in contact with both ammonium hydroxide 

and applications of dried blood, indicated that germination 

injury was caused by toxic concentrations of free ar. onia 1n 

the medium. The high values for ammonium nitrogen obtained 

from chemical analyses of the sand cultures described in 

Chapters I I llnd IV supported ~his view. 

It as a problem to differentiate between the ammonium 

ion and .free onia , since a .onia is readily soluble, 

resultin in an eq ilibrium being set up thus: -

NH
4

0H OH 

The rrn e in su ceptibility of different seed varieties 
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to injury from increasing concentrations of am1 oni hydroxide , 

suggested an indirec t means of solving this problem. In nonia 

dil t1on experiments , radish exhibited the greatest degree of 

tolerance, cabbage was intermediate 1n reaction, and lettuce 

was extremely intolerant . An experiment was set up in whi ch 

soil 1aa used as the medium for increasing rates of a application 

of dried blood . Rad1oh, cabbuge and lettuce seeds were tested 

for percentage germination in contact with the fertilizer . It 
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was r easoned that if result s showed that injury to germination 

of the three seed varieties fell in the same order as with 

ammonia -dilutions, this uould further point to the similarity 

of the cause of injury in both cases. 

s an extension to this experiment, two soils 1ere taken. 

One soil was an acid soil of pH 14 . 2. The other soil was 

alkaline, of pH 7. 3. Both soils were of the same . soil type, 

having been taken from a block of fert ilizer plots maintained 

by the Field Husbandry Department . Theoretically, if ammonia 

were released from decomposing dried blood with a corresponding 

rise in pH in tho environment, less injury should have been 

evident in the acid soil tre~tment e than with the alkaline 

soil . 

The experiment also included a small retrial of the effec t 

of addition of excess carbohydrate to the medium. Powdered 

methyl cellulose was used. 

The soils obtained from the fert111zer plots were air­

dried and passed through a 2mm. sieve. Twenty gram soil 

samples were taken per petri dish. Where fertilizer treatment s 

were applied , the soil and fertilizer were ground and mixed in 

a mortar . For both acid and alkaline soils; three rates of 

appl1cat1on of dried blood were used, Ig., 2g., and 3s-~ per 

petri dish. The three seed varieties ,-1ere sown Ni th all treat­

ments, and with the soils alone as control treatments . Treat­

ments were replicated three times. In the trial with cellulose 

as an additive , increasing amounts of cellulose, Ig., 2g., and 



TABLE llII 

Effect Of Dried B1ood Fertilizer On Germination Of Radish, Lettuce And Cabbage Seeds In Soil Cultures 

Percentage Germination 

Acid Soil Alkaline Soil 
Seed Variety lg. D. Bld 2g. D. Bld Jg. D. Bld. lg. D. Bld 2g. D. Bld. 3g. D. Bld. 

Ba<iish 96 98 94 98 96 96 

Cabbage 96 88 86 95 87 90 

Lettuce 89 0 0 90 0 0 



3g. , were sown w1 th a f1xed amount of dried blood (3 • ) in 

20c. of soil . Both cid and alkaline soils ,-1ere used in this 

trial . 

Each dish uas set up in a manner similar to that already 

described with the sand c l tures 1n Chapter IV. Briefly, 10 

ml. of distilled water was used to :;::ioisten 205. of soil in 

each petr1 dish. The water spread upwards thro the dioh by 

capillarity. One hundred seeds of the pa.rticula.r variety ·cro 

scattered over the soil- fertilizer mixture . Tho petri dishes 

were incubat d at 24°c . (75°.f' . ) fol' the 7 day germination 

period. Germination counts v, ere then made . 

Reoults 

Reoultc of this exneriment are presented in Table XIII . 

The figures represent the average 5ermination percentages for 

3 replicates of each tre tment , as corrected for the control . 

Percentage germination of both radish and cabbage varieties 

was very high, and little difference could be detected in the 

results . With lettuce , ge 1.nation was high in the treatments 

of Ig. dried blood per 20g. of soil . However, although the 

seeds reached the first green lec.f stage within the first 4 

days of the axper1ment. development ceased at this stage and 

the seedlings subsequently rotted . At the 2e. and 3g. levels 

of dried blood application, germination was completely inhibited 

in both soils. 1th radish and cabbage seeds, although germina­

tion percentages were high at 3g. application of dried blood, the 
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same lack of fUrther development of the seedlings was apparent , 

and the seedlings ultimately decayed. 

After the seedlings had been counted, all seed debris was 

removed from the ooil surface, and 100 fresh seeds were sown in 

ench petri dish . The dishes were then incubated for an additional 

weelc . Ge ination was completely inhibited in all cases . 

Although this experiment does not distin ish between 

radish and cabba e seeds in their susceptibility to increasing 

concentrations of dried blood, it does point out the intolerance 

of lettuce seeds in this respect . From the complete inhibition 

of germination of all three seed varieties when so,·m during the 

second week of incubation of dried blood-soil mixtures, the 

experiment also demonstrates clearly once again, the way in 

which rapidly germinating seeds may escape injury , by emerging 

before the full effect of the fertilizer develops . 

The results obtained with both acid and alkaline solls 

were similar for all three seed varieties . As demonstrated in 

the section of Chapter II describing choice of media , soil as 

a medium tends to alleviate the injurious effects of dried 

blood on seed germination. This is a possible explanation for 

the r~s~lts of -the present experiment . The results could be 
\ 

interpreted also as significant evidence of the importance of 

the presence of free a.mn:onia alone , as the injurious factor to 

germination, rather than the association of free ammonia with a 

high pH in the medium. 



Where cellulose was used as an additive , no toxic effect 

on germination was observed , but differences were not apparent 

between treatments involving different amounts of cellulose . 

Since cabbage seed was used as the seed variety in thi s tri 1, 

it is likely that the germination period was too short fo r 

germination to be influenced to any great extent by the 

fertilizer and cellulose treatments . 

51. 
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CHAJ?'l'ER VII . 

DISCUSSION 

A considerable pn.rt of this study has been concerned with 

the production from inorganic salts of free ammonia, and the 

evaluation of its role in inhibiting germination of seeds and 

injuring young seedlings . This work was necessarily carried 

out on a non-hortic ltural basis in the laboratory . As stated 

previously, practical difficulties prevent the direct demon­

stration of germination injury by free ammonia in a. moist soil 

system, althouell it 1s reasonably certain that free ammonia. 

does exist there in equilibrium with ammonium hydroxide . 

orkers such as Barton (1940) and Duisberg and Buehrer 

(1954) have shown beyond doubt that f r ee ammonia from inorganic 

sources inhibits germination of cert ain varieties of seeds . 

This inhibitory effect has been demonstrated for additional 

varieties of seeds in the present study. Furthermore, as would 

be expected from the diverse natures of the seed coats, seeds 

of different plants were shown to differ 1n susceptibility to 

1ncreas1ng concentratlons of ammonium hydroxide . For each 

seed variety there was demonstrated a critical level of ammonium 

hydroxlde_concentrat1on, above which point the percentage germi ­

nation dropped rapidly . In general, it was observed that at a. 

particular concentration of ammonium hydroxide, seeds which 

germinated and developed rapidly in the seedling stage appeared 

to escape the full force of the injury. Where the seeds were 



not exposed to high concentrations of ammonium- nitrogen until 

they had reached the young seedling stage, the plants were 

stunted and eventually decayed , unless removed from the high 

concentrations of ammonia . Injury was mos t serious when it 

occurred early in the ge 1na.t1on process . Qualita tive and 

quanti t ative similarity in th3 germination injury resulting 
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from treatments with dried blood and with ammonia- yielding in­

organic materials , was fo d 1n £,ermino.tion experiments ,-,herein 

critical concentrations of organic and inorganic fertilizer were 

deter- 1ned for selected seed varieties. 

The type of injury to germination resulting from organic 

fert1li~ere noted-by Sayre and Clark (1935) and by Sterwin {1923) 

was confirmed by t he writer's experience , both with experiments 

using dried blood and with dilution experiments where the seeds 

were germinated in contact wi th ammonium hydroxide . Typical 

symptoms were the twisting, browning, stunting and swelling of 

the young rad1cles, and the lack of root hairs . 

S yre and Clark (1935) compared injury from inorganic and 

organic fertilizers on germination of peas, beans, and corn; 

their experiments were concerned mainly with the duration of 

injurious concentrations of fertilizer 1n the region round the 

seeds . They dld not investigate the cause of injury, but sugges ­

ted that it was indlced by various oreanic substances such as 

amino - acids and soluble peptides . Houever, further support for 

the hypothesis that free aJfililonia ie the factor injurious to ger­

mination, comes from an observation of Owen et al (1950), that 

most am1no -ac1ds from or5an1c nitrogenous materials a re readily 



deam1nated in the soils 1n 11hlch they w'orked, yielding large 

quantities of ammonia . 
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Interest was centered 1n the present study, mainly on the 

amrnonificat1on etage of the mineralization process . It has been 

shown that lncreased levels of application of dried bl ood fertili ­

zer resulted in increased product.ion of ammonium-nitrogen ae 

determined by direct. analysis . This amnonia prqduction was accom­

panied by a rapid and pro1ound rise in pH of the med1 • Owen 

et al (1950} reported a very slew rr,ineralization of dried blood 

in their experiments, but desplte this , they considered that 

dried blood exertea 1ts maxim' injurious effect on germination 

1n the first 14- 16 days after mixing with soil . Sayre and Clar k 

(1935) reported 9- 14 days as the period of maximum injurious 

effect of dried blood applications . 

In the experiments described in this study , the full i njur­

ious effect of the fertilizer was evident 5-7 days after initial 

"incubation'' of the mediam . 'rher e was a pungent odour of ammoni a 

51ven off by the cultur es , ~ermination percentages fell rapidly , 

and the periodic ammon1 - nlt~ogon a nalyses showed a very rapid 

lncreaee over this period . That the highly injurious factor was 

maintained for a period of at least 20 days was demonstrated by 

continued inhibition of germination of fresh samples of seeds . 

In the series of experiments in which sand was incubated wi t h 

dried blood, or with dried blood plus carbohydrate, it was found 

that consider&ble quantities of ammonia or ammonia- producing sub­

stances formed 1ntorroed1ate in the mineralization process were 

not immediately converted to nitrate . Under the unfavourable 



conditions of temperature, moisture, and aeration, these high 

concentrations of runmon1a may persist for some time. Thus , 

germinating seedling may be exposed for the lengthened period 
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of time to high concentrations of ammonia in the soil solution, 

ceasing only as ammonia is lost by volat1liza.t1on, or by biological 

or chemical soil processes . 

The use of soil cultures was found to be complicated by the 

presence of organic matter, and possibly by the level of colloidal 

materials, which would provide sites for adsorption of the ammon­

ium ion from the soil solution. It was observed that where soil 

was used as the medium for a.pply1ng fertilizer treatments, a 

'~uffer1ngt1 effect ago.inst the injury resulted. It is possible 

that this was due to removal from the soil solution of' substances 

or ions injurious to germination, by adsorption or by replacement 

of other ions in the soil complex .. 

That the injurious effect is certainly very specific was de­

monstrated by the series of dilution experiments with ammonium 

hydroxide and other soiutions . Seeds germinated very satiafac• 

tor1ly at very high pH values and when the ammonium ion was present. 

Howc,rer, in the presence of any free ammonia, marked germination 

in,1ury or complete inhibition of germination was evident. 

All the evidence in this study points towards free ammonia 

production as the source of germination injury. The only indica­

tion of the production of any other injurious factor was the ob­

served initial fall in pH in the germination medium. Th1s may 

be explained by the production of organic acids early in the 

mineralization process . 



In the experiment using increased concent rations of dried 

blood in alkaline and acid soil cultures , it was expected that 

the injurious effect would be intensified in the alkaline soi l 

cult re . No such observation was made,, and this can be explained 

only be the facts that the "alkaline'' soil was not markedly alka­

line, and that the speed of germination of the cabbage seeds used 

was sufficient to permit escape from the full effect of the fer­

tilizer. 

SUI .. ' RY 

1. Dried blood fertilizer during mineralization gave rise to 

free anmon1a as an intermediate product, in sufficient 

quantJ. ty to cause severe injury to seedlings a. t the lower 

levels of application, a.nd complete inhibition of germination 

~eP-the-hi--ghecr~e-.-and eem13le te i~-en 
of germination at higher concentrations. 

2. Typical symptoms of injury were the swelling, bro\•ming, stunt-

ing, and twisting of the young radicle, a.nd lack of root hairs . 

3. The medium for germinat.ion was shown to have a considerable 

influence on tho injurious effect of the fertilizer , 

4. There was an initial fall in pH followed by a rapid and pro ­

found ri se in pH, after incubation of dried blood in sand and 

soil cultures .. 

5. In dilution experiments over a wide range of concentrations, 

ammonium and hydroxyl ions had negligible specific injurious 

effect. \here free ammonia was present above a certain criti ­

cal level, marked inhibition of germination 1as observed. 

6. Seed varieties were sho~m to differ in susceptibil1 ty to 1n­

creas1ng concentrations of ammonium hydroxide . 

7. Speed of erminat1on of the seed variety was shown to be one of 

the most important factors in escape of the full injurious 

effect of the dried blood fert.111zer during germination. 
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