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INTRODUCTION 

Anhydrous ammonia, containing 82% N, is the highest analysis 

nitrogen fertiliser available for comme rcial use. Lyons (1966) 

states that it has many economic advantages in handling, transporting 

and application over conventional nitrogen fertilisers and that the 

high nitrogen content, plus the fact that it can be applied to the 

soil without further manufacturin g costs, has made it the most 

economical form of nitrogen fertili se r in the U.S.A. 

Harre (1967) states that the use of anhydrous ammonia for 

direct application to soil has bad a rapid g rowt h with a 25 . 3% 

increase in 1966, when it made up 43% of all nitrogen fertilisers 

used in U.S.A . The estimated production for 1968 in U.S . A. was 

nearly 18 million short tons of ammonia from approximately 100 

plants. The increasing use of anhydrous ammonia throughou t the 

world was reviewed by Thomas (1968). 

Production of anhydrous ammonia in Australia is of significance 

to New Zealand . In Australia five ammonia manufacturing plants, each 

with daily production capacities ranging from 100 to 600 tons of 

ammonia, have created a surplus of anhydrous ammonia (Glenn, 1968) . 

Pickering (1967) points out that nitrogen fertiliser use in Australia 

is increasing but is subject to the three limiting factors of 



management, moisture and finance. With large supplies of anhydrous 

ammonia available in Australia, co mme rcial usage in New Zealand can 

now be foreseen in the quite near future. 

Parr and Papendick (1966, a,b,c; 1967) have carried out 

much research on fertiliser use of anhydrous ammonia in U.S.A., and 

state that comp let e evaluation of a new fertiliser should involve a 

lo gical progression of investigations from laboratory studies 
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through to g lasshouse evaluation and finally a period of comparative 

field testing . They pointed out the importance of glasshouse 

evaluation in providing basic information for agronomists but also 

indicated that suitable small scale injection equipment was required . 

The economics of anhydrous ammonia as a nitro ge nous 

fertili se r were discussed and reviewed by Tucker and Crowe (1966) . 

They pointed out the increased use of anhydrous ammonia compared 

with other nitrogen sources and evaluated its economics in the U. S.A. 

In addition Thomas (1968) evaluated recent advances in technology and 

use of anhydrous ammonia overseas and its application to New Zealand 

horticulture. 

It was therefore concluded that a comparative researc h study 

into crop response to anhydrous ammonia and other nitrogen 

fertiliser s could be a valuabl e prerequisite to its commercial use in 

New Zea l and, and should commence with g lassho use and t he n field 

evaluation using small scale experiments initially . 

The agronomic aspects of ammon i a usage in various crops were 

reviewed by Smith (1 966) , who states that crops respond differently 

to similar application rates. He also states that anhydrous ammo nia 
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field applications can be made in several ways and that effectiveness 

is influenced by factors like soil moisture , tilth, texture, clay 

content, and pH a s well as depth of application. He concluded that 

depth of application is by far the most important factor but that 

anhydrous ammonia is an effective source of nitro gen for a variety 

of row crops, small grains and pastures. 

The inves tiga tions in this thesis mostly involve small scale 

pot and field trials using a small precision applicator based on the 

injection equipment used by Parr and Papendick (Papendick and Parr , 

1965, 1966 ; Parr and Pape ndick 1967 ). This work is followed by a 

study o f root distribution using 32 p and the uptake of anhydrous 

ammonia. Parr and Papendick (1 966, a) found that ammonia toxicity 

can reduce yields and c ause r oot damage, and therefore observations 

have also been made on the persistence of free a mmonia in soil and 

its phytotoxic effects such as in ge r mination failure. 

Since anhydrous a~monia can be lost rapidly from soil as a 

gas at norma l pressures , the length of time between application and 

sowing of a crop is of utffiost importance. In U.S.A. for spring 

sowing, applications are made either in autumn, or in spring 

immediate l y prior to sowin g ( Par r and Fapendick, 1966, c). As Smith 

(1966) points out, thi s time interval must be assessed af r esh in 

each re gion. In view of this a field experiment was set up using a 

large field applicator to evaluate the optimum period between 

application and spring sowing. 



CHAPTER I 

LIT~RATURE REVIEW 

Crop re spons e to anhydrous ammonia and its comparison with 

other nitrogen fertilis ers have been much investiga ted . ~e c ent 

advances in the use of anhydrous and aqueous ammonia overseas and 

their applications to Ne w Zealand horticulture were evaluated by 

Thomas (196 8) . The history of early usage , experimental work and 

crop response were discussed . Adams et al (1965) reviewe d the 

types of liquid nitrogen fertilisers used overseas and the t r ial 

work carried out with them . McVicker et al (1966 ) dealt fully with 

anhydrous ammonia technology and use, and carried out field and pot 

experimental work. Parr and Papendick (1 966 , a,c) examined the 

agronomic effectiveness of anhydrous ammonia . In glasshouse trials 

they examined nitrogen r ecovery, looked at several for ms of 

application , and investigated plant resi s tance to high levels of 

anhydrous ammonia. Others have summarised the large amount of 

compa r at ive field testing that has been carried out with anhydrous 

ammonia and ot he r fertilisers: (Smith and Case, 1966 ; Aldrich and 

f'!iles, 1966 ; /\.non, 1965) . 

Lore nz (1 955 ) compared anhydrous ammonia with aqua ammonia 
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and ammonium sulphate as a nitrogen source. He used several 

vegetable crops including radish 1 spinach and lettuce. Anhydrous 

ammonia was slightly inferior to sulphate of ammonia because of 

ammonia damage resulting from close placement of ammonia to plants 1 

and also high volatilisation in the sandy soil of the trial area. 

However not all crops were injured in this way - radish and spinach 

proving more tolerant than lettuce. Radish is a good test crop 

with its short g rowing season and ease of culture 1 and consequently 

has been used by several workers for the study of nutrient uptake 

(Benecke 1 1968 ; Shutte 1 1957). 

Injection of anhydrous amrionia creates a large supply of 

ammonia nitrogen which is available to plants in this form until 

converte d into nitrates by soil microorganisms . Ni trification can 

be slow and virtually non-existent due to unfavourable soil 

conditions such as low pH or very low temperatures (Brand et al, 

1964) . Uptake of nitrogen as ammonia i? therefore important when 

considering the use of anhydrous ammonia , particularly in 

circumstances where nitrification is slow or where the crop plant 

has a preference for this type of nitrogen . Many youn g plants tend 

to preferentially absorb ammonia nitrogen rather than nitrate 

nitrogen ( iurphy and Schrader, 1965 ). Also rice and plants that 

require a low lime soil, like azaleas, laurel, tea, Epilobium sp ., 

prefer ammoniacal instead of nitrate nitrogen ( Buckman and Br ady, 

1964). In certain areas such as the acid podsolic soils of the 

northern he~isphcre, ammonium compounds are the chief form of 

nitro gen available to plants ( Meyer et al, 1961). 

5 
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Burris (1959) states that under proper conditions plants 

usually assimilate ammonia more readily than nitrate but Leavitt 

(1957) points out that the interpretation of much of the work on 

preference may be questioned because of a failure to consider all 

the environmental effects . He says that plants will probably take 

up whichever form p redominate s in the soil at the time, although 

age, plant typ e, root environment and other factors may also be 

i mportant . The effect of environment on nitrogen uptake has been 

studied by several workers . Oxyg en (Smith, 1957; Nightingale, 

1948), soil acidity ( Broadbent and Tyler , 1965), co mpetition for 

absorption of diffe rent nutrient ions (Mulder , 1956; Burris , 1959), 

temperature (Nielson and Cunning ham, 1964; Anderson and Boswell, 

1964), stag e of development (Meyer et al , 1961), carbohydrate status 

(McKee, 1962), and differences in the availability of ammonia 

nitrog en and nitrates (Murphy and Schrader, 1965) are all important 

in ammonia uptake. However as Nelson and Stanford (1958) point out, 

knowledge is particularly deficient on the simultaneous uptake of 

ammonium and nitrate ions. 

Ammonia applied as a fertiliser can be phytotoxic. Several 

workers have investigated the effect of anhydrous ammonia and 

ammonium yielding fertilisers on germination : (Cummins and Parks, 

1961; Aldre d and Ohlrogg e , 1964; Hunter and Ro s enau , 1966; Parr 

and Papendick, 1966, a). A general conclusion was that germination 

was inhibited or ma rkedly depressed if the nitro gen fertiliser was 

placed in clos e proximity to the seed. Anhydrous ammonia and 

a mmonium yielding fertilisers are also toxic to growing plants. 



Cooke (1962), Court (1962) and Parr and Papendick (1966 , a , b) 

observed root distortion in pot g rown plants while Olson and Dreir 

(1956) , Meyer et al (1961) and Gasser (1964 , 1965) descri bed 

toxicity symptoms in field grown plants . Phytotoxicity due to 

a mmonia yielding fertili se rs is mos t serious under conditions 

causing volatilisa tion of ammonia in soil ( Brage et al , 1960 ). The 

a mmonia may b e derived directly fro m anhydrous ammonia or c ome from 

the breakdown of ammoni a bearing compounds . 
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Urea toxicity i s caus ed not only by ammonia but also 

intermediates in t he further oxidat ion of ammonia to nitrate (Court 

et al, 1964 , a). Cooke (1962) and Parr and Papendick (1966, a,b) 

found t hat potted plants recov e r e d well even aft e r quite severe 

anhydrous a mmonia root damage . In the case of urea, toxi city 

symptoms are often more p rolon ge d due to toxic levels of nit r ite 

(Cooke , 1962 ; Co urt et al, 1 964 , b) . Terman and nunt (1964) 

concluded that ammonia liberation f ro m urea depended on its reaction 

with the soil and its s ubsequent hydrolysis and breakdown . 

Althoug h some authors claim t ha t a high soil pH is the 

controllinG factor in vola tilisatio n , (Hauck and Be r mne r , 1969; 

Wa rren, 1962 ; Meye r et al, 1961), othe r s have shown tha t 

vola tilisation a l so occurs r eadily in acid s oils (Duplessis and 

Kroontje, 1964) . In fact ~oldendorp (1 968 ) states that volatilisation 

is stimulated by the p r esen ce of Caco3 and that many trials in the 

He therlands indicate tha t the correla tion i s more with Caco3 con tent 

than with soi l pH . In addition Terman and Hunt (1 964) concluded 

that urea reacts with calcium comr ounds to release am monia. 



Nevertheless with equal applications of fertilisers the respe ctive 

levels of free a mmonia in the soil at pH6 compared to pH9 are of 

the order of 0 .1% to 0.5% (Parr and Papen dick, 1966, c). 

Ammonia is la rge l y held in soil by exchange and its loso 
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by volat i lisation or l eac hin g can be relate d to low c a tion exchange 

capacity (C . E.C.) of soil (Chao and Kroontje, 1 964; Gasser, 1964). 

Smith (1 95 8 ) states that ammonia applied as anhydrous amn1onia (l'-iH3+) 

is absorbed and retained mo re st roncly by acid soils than a mmonia 

applied in the form of ammon i um ( r;H4 +) fro m ammonium nitrate and 

ammonium sulphate . He stated t hat t his was because adsorbed 

hydro gen ions in acid soils are not readi l y re p l a ced by other 

monovalent cat ions like ammonium . Also ammonium fix a tion by soils 

may be expected to exceed the fixation of ammonium fro m neutral 

salts becaus e ammonia can r eact dire ctly with the soil organic 

matter to form nitrogen compoun ds t ha t do not contain exchangeable 

ammonia . Sohn and Peech (1 95 3 ) found that the amount of ammonia 

fixed by organ ic matte r in mineral soils was often very high and 

they also pointed out the i mportan ce of clay colloids in ammonia 

retention . Exchan~e therefore i s a major f a ctor in ammonia 

toxicity (Chao and Kroontje, 1964 ). 

The r e are three main processes affected by te mpe rature by 

which ammonia is lost from injected soil . These are denitrification, 

volatilisat ion and nit rification with subsequent l eaching of nitrate . 

Ammonia applied in autumn , de pending on the severity of the followin g 

winter, will be re tained until s pring wit hout ma jor loss since 

ammonia l eaching is insignific a nt . Al drich and l·1iles (1966 ) state 

that a c ommon rule o f thumb for autumn appli c ation of anhydrous 



ammonia is to delay application until the soil temperature at four 

0 inches falls below 50 F. At this temperature nitrification is only 

one third of that at 6o°F while at 4o°F the rate drops to one tenth 

of that at 6o°F. Allison (1966 ) states that all nitrogen lost from 

9 

field soils by leaching is lost as nitrates which are soluble in the 

soil solution. Denitrification was fully discussed by nartholomew 

and Clark (1 965 ) and Woldendorp (1968) , and occurs most readily in 

neutral soil under warm conditions when oxygen is lacking, such as 

in a waterlogged soil. The factors that influence leac hing of soil 

N are discussed by several workers (Allison, 1955, 1966; Nicholas, 

1963; Raney, 1960; \•lagner and Smith, 1958). 

It is accepted that spring application of anhydrous ammonia 

close to sowing will provide more nitrogen than application in the 

previous autumn (Aldrich and Miles, 1966 ; Smith, 1966). However 

the difference in yields may be so small that other reasons such as 

scarcity of labour or heavy soil conditions in spring will offset 

the disadvantage s in favour of autumn application. Scanlan (1954) 

concluded that autumn injection is a sound practice and that time of 

application become s less important as yields and ma nagemen t improve. 

Baldwin and Stevenson (1 968 ) 1 workin g in Canada, found that yields 

followin g sprin gtime application of anhydrous ammonia were up to 

double those resulting from autumn injection. They concluded that 

this overrode any cultural advanta ge s of autumn application. They 

also considered that nitrification and subsequent leachin g loss had 

occurred even at temperatures approaching freezing, and that 

denitrification was a majo r source of loss. It seems however that 
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the soil water content (Reichman et al , 1966) , and pH (Ayers and 

Humbert, 1956 ) will also influence nitrification. The work of 

Baldwin and Stevenson (1 968) therefore may not display a general 

phenomenon since the nitrifying capacities of soils can be vastly 

dissimilar. Clarke et al (1960 ) and Adams et al (1 965) stated that 

autumn application i s ' only recommended in certain areas of the 

U.S.A. 

Cooke et al (1956 ) studied fertiliser placement on a ran ge 

of horticultural crops and found that band placemen t is g enerally 

superior to broadcast ap plication. Si CTilar fin dings were obtained 

by Baker and Mortenson (1 965 ) using sweet corn and cucumbe rs. 

Fertiliser plac ement clo se to seeds c an be advantageous to plants 

with relatively limited root range and a short growing season 

(Laughlin , 1959) . Howeve r Laughlin (1 960) found in later work that 

fertil iser drilled in direc t contact with seed can be phytotoxic. 

Sulphate of ammonia for example, applie~ at 2~ cwt per acre, reduced 

the germinat i on of peas by 42%. Corr e ct placeme nt of anhydrous 

ammonia is inportant since injection leaves a highly conc entrated 

zone of ammonia in the soil which co uld damage crop plants. 

In order to place fertiliser at the po i nt of g re ates t 

absorption it i s i CTportant to know the distribution of roots in soil 

durin g a g rowin G season ( Ozanne et al , 1964) . A number of re searc h 

workers have done this by root excavation (Rogers , 1939) , or by 

placing i sotopes in the soil at certain distances out from and below 

plants ( 2llis et al, 1 963 ; Ellis and Barnes , 1967 ; Paris and 

Newbould , 1964; Hall ct al , 1956) . 



CHAPTER II 

METHODS AN.U MATERIALS 

Two anhydrous ammonia applicato r s hav e been used i n t his 

s t udy . 

( a ) A small precision applicator (Papendi ck and Parr, 

1 965) c onsisted of a 50 pound ammonia cylinder connected through 

a pressure gauge, adjustable in degrees fahrenheit , to a stai nless 

steel injector tube (Plate 2) . Two stainless steel valves se t at 

various distances apart on the injector tube allowed constant 

v o l umes of liquid ammonia to be injected . Calibration tests by 

injection into standardised HCl and back titration with alkali 

(Table 29, Appendix I) showed that good replication was obtai ned 

( Fi5ure 1 and ~able 1 ) . Full details are given in Appendi x I. 

11 
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TABLE 1 
Calibration details of tube lengths 

Mean 
Tube Delivery . Standard 95% Coefficient 

Leng th Anhydrous ReplJ..ca tes D . t. Confidence of 
Inches Ammonia evia ion Interval Variation 

(mg) 

3 1/8 373.2 10 8.591 367.1 to 379.4 2.302 

6 1/4 743.8 10 7 .178 738 .7 to 749.0 0.965 

12 1/2 1087.3 5 19.810 1075.6 to 1099.0 1.822 

18 3/4 1549.9 5 35.161 1531.4 to 1868 .4 2.269 

25 2074.5 5 30.000 2058.3 to 2090.7 1.446 

(b) A field applicator consisting of a 55 gallon tank 

mounted on a basic cultivator too l ba r was used for the radish field 

trial (Plates 1 & 4). The applicator was assembled in New Zealand 

using fittings designed for anmonia use and i mported from Aust ralia. 

Full details of parts and operation of the field applicator are g iven 

in Appendix I. 

SECTION 2 - EXP.LJRIH2HTAL PROC.i:;JURE 

1. Pot Trials 

In order to ensure a medium of low N content, soil was taken 

from the field trial area and used to make a mix of 3 parts soil to 

1 part sand . The following fertilisers were added: 

Superphosphate , 8 oz/bushel 

Sulphate of potash , 4 oz/bushel 

Carbonate of lime, 1 oz/bushel 
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Seeds were sown in tins containing approximately 3 kg of this 

potting mixture. In each pot trial there were 6 or 7 replicates 

using a randomised block design. All trials were conducted in an 

unheated glasshouse. 

Ammonia injections were made with the small applicator. It 

was found that a maximum depth of injection of 5" prevented loss of 

ammonia through drainage holes of pots in the highest treatment 

rates. 

Seeds were sown individually and thinned out. In some cases 

germination losses occurred due to fertiliser dama ge and this 

prompted further observations on this subject . 

Daily watering and hand weeding were carried out. Established 

plants wer e sprayed with a Lindane - D:JT mix to combat cabbage white 

butterfly and aphids. 

2. Small Sc ale Field Trials 

(1) Soil - The soil type was Wakanui clay silt loam. It has 

a deep topsoil but with slow internal drainage it tends to pack when 

wet. There was a clay subsoil with yellow and red mottles. The 

soil analysis is given in Table 2 . 

TABLZ 2 

Che mical analysis of ~akanui clay silt loam 

Depth pH Soluble p Organic c 

0 - 611 5.9 5 3.13 
9 - 15 II 5.7 2 3.1% 

Total N C/N Exch. Total Base 
Capac. Bases .Sat 'n 

0 - 6 II 0.18% 17 10.3 5.4 52 
9 - 15'' 0.18% 15.7 7 .1 45 



PLATE 2 

Small precision applicator showing injection of 

anhydrous ammonia into a pot of soil . 

PLATE 3 

The 55 gallon ammonia tank mounted on the field 

appli cator . 

.. • 
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(2) Ammonia Application - The small precision applicator was 

used for ammonia application. Rates of application using seven and 

in one case nine injections per plot are given in Table 3. 

TABLE 3 
Ammonia application rates in field trials 

g N/plot lb N/acre 

7 deliveries: 2 .142 51.4 

4.269 102.5 

6.241 149.8 

8.896 213.6 

11.908 285.9 

9 deliveries: 2.754 66.1 

(3) Sowing - All radish seeds were sown individually with 2 

inch spacings using a nursery prickin g-out peg board . Cos lettuce 

and spinac h were sown with 2 seeds per hole and later thinned to a 

5 inch spacing . 

Hand weeding and re gular irrigation were carried out. 

3. Recordi ngs a nd La bora tory Analysis 

Plant material was weig hed, directly after harvest, and after 

oven drying to provide fresh and dry weights . 

Soil moisture was calculated as a percentage of oven dry 

weight. It wa s meas ured at the time of treatment application. 

Soil aci dit y was meas ured using a Rad iometer type PHH23 pH meter. 

Combin e d Ammonia a n d I s otope Ap nlic a tion 

Small gela tine caps ul e s containing 32p i s otope and sand were 



PLAT~ 4 

The field applicator inj ectin5 into a 6 foot wide bed . 

PLAT~ 5 

Field plots in the radis h field res pons e and germinat ion 

trials . 

.. 
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made up. These caps ule s were plac ed according to the treatments 

at two de pths and three distances from e a ch plant (except for 

untreated controls whi ch had no isotope or ammonia) . After the 

isotope caps ule was placed in the r equired position 1082 mg of 

anhydrous ammoni a were injected into the same location and the 

hole closed . 

Radio -Isotope Analysis 

(1) Isotope Assay i n the ?ie l d - Radio-activity was 

measured with a Philips hand - held 'counter ' ( rype PW 4012/01) 

which recorded radio-activity in ~icro-rads per hour . Ba c kground 

was subtracted by taking the daily control mean (readings fro c1 

untre a ted p l ants) plus two standard deviations and subtracting this 

from eac h reading. 

(2) Laboratory Analysis - All plants were wet ashed as 

follows: 

Dried, weighed plant mate ria l was placed in Erlenmeye r 

flas ks . Cone. m:o3 was added to each sample i n the proportion of 

about 10ml acid : 1g of dried plan t ma terial, and left until the 

plant samples were completely saturated with acid, and then heated 

on a hot plate until diss olved. (If all p l ant material did not 

dissolve additional cone. m~o3 was added and the fla sks re-heated . ) 

Flasks were cooled and 4ml of cone . HC104 was added. The volume of 

HC104 used was in the ratio of 2:5, cone . HC104 : cone. HN03' 

Flasks were then heated , gently at first, and then more violently 

until the H:U0 2 was co mpletely evanorated and the resi due clear. 
:J -

After cool ing the remaining solut ion was transfe rred to volume tric 



PLATZ 6 

A cloud of ammonia escapes durin e fillin g operations . 

PLATE 7 

A drum of wa t e r i s used for sa f e e mptying of the 

applic a t o r t a nk . 

, 
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flasks and made up to 25ml with distilled water. 10ml of this 

solution was then transferred to a liquid countine tube for assay . 

Laboratory assays of 32P were made by liquid counting usin g 

a glass halogen -quenched G.M. tube (Hull ard ~~ 124/0 1) of 10ml 

capacity . The probe was connected to a manually op erated scalar 

( Philips P . W. 4032 + 4062.). All count s were corrected for decay 

according to published tables and for background which was recorded 

every day during the series of counting . Probe corrections were 

ne g lected, as count rates were not above 105 counts per min ute, and 

with a probe dead time of approximately 10<J1 sec, coinciden ce losses 

would be ne gligible. In order to keep experimental error down to 

3%, at least 1,000 counts or 20 mins counting time was employed for 

each sample . 

The Hicro-Kjeldah l 1-.e t hod of IT i tro ::;en Analys is 

(1) Ji ~es tion - Samples of approximately 0 . 2g of tops were 

transferred to small specimen tubes and oven dried at 8o0 c for 12 

hours. Af ter cooling the tubes were wei ghe d accurately and the 

contents transferred into dry 50ml micro-Kjeldahl flasks . To each 

flask was added two boilin g chips and 5g c atalys t / temperature 

mixture (K2so4 and Cuso4 , and 5ml H2so4 ) . each flask was placed on 

a hot plate at about 235°c and left until frothin g ceas e d. It was 

0 then transfe rred to a hot p l ate at 347 C where the digestion was 

a llowed to proceed for one hour after the solution had cleared. 

(Il.B . The hot plates were first calibrated with a Cambridge 

portable po tentio raete r a nd coppe r constantan thermo coup le to 

235 ± 4°c and 3 47 ± 4°c.) 



(2) Dis tillation and Ti tration - After coolin g , the volume 

was made up to 55ml with distilled water and a liquot s of 10 ml of 

the solution in duplicate were pipet t ed and fed into the Markham 

distillation apparatus . These were followed by 5ml of 10N NaO H, 

plus indicator. 

The ammonia was d i s tilled into a flask containing 10ml of 

distilled water plus four drops of indicator . The indicator was a 

0 . 1 per c ent alcoholic solution of two part s of methy l red to one 

part of bromocresol e reen. 

The b lue d i stillate was titrated with 0.03N H2Jo4 which had 

been standardi sed with disodium tet r aborate , (Na2B4o7 . 10ii20 . ) . 
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CHAP'r.c.R III 

EXPERIMEHTAL WORK 

I NTRODUCTIGi~ 

Experimental work mainly dealt with the response of radish, 

lettuce and sp in a c h to anhydrous a mmonia and other nitrogenous 

fertili sers . Pot tria l s were f ollowed by field trials of 

increasing size and comple xit y culminating in the use of a field 

ammonia ap~licator. 
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Othe r work examined a mmonia toxicit y and its influence on 

germination, time of application, and root distribution with respect 

to a mmoni a uptake . 

1. RADISH FUT TRIAL - 1 

This pot expe riment was designed to compar e the response of 

radish (variety Spot l ight) to anhydrous ammonia and three ot he r 

nitrogenous fertilisers . The l atter were chosen to re present the 

most co mmon materials in commercial use . 

Six seeds were sown in each po t and seedlings were l a ter 



thinn ed . It had been intended to thin to five plants but 

germination failure, particularly noticeable with urea treatments, 

made it necessary to l eave only three. Damage by nitrogenous 

fertilisers to ge rminating seeds was noticed in many trials and is 

revie wed under ' ge rmination trials'. 
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There were seven re plicates of each treatment and a total of 

49 pots. The trial was conducted in a cool glasshouse and pots 

contained approximately three k iloe rams of soil (3 parts soil : 

1 sand). 

Anhydrous anrnonia was injected at five inches depth using the 

small precision a pplicator. Other fertilisers were mixed into the 

top inch of soil. 

Sowing was done the day after fertilisers were applied. 

P l ants were thinned 15 days after sowing and were harvested 9 weeks 

after sowin g . The trial was carried out in mid-summe r. 

Results 

Full records of fr esh and dry weights are given in Table 30 

(Appendix II). Summarised yields and results of Duncan's Tes t are 

listed in Table 4. Figure 2 illustrates total yields and the 

relative dry weights of tops to roots. 
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TABLE 4 
Treatments and dry weights of radishes grown in pots 

Source % N Fert. N TOPS ROOTS 
Treat. of in Mean Stats . !-lean Stats. 

No. Ferti- per po t D "It .rtat ing Jry 1'/t rtat ing Nitrogen ( ) ry r 

liser g (g) ** (g) 

1 Control 6.3 Dd 6 .4 BbCc 

2 Sulphate of Amrn . 21 0.306 9 . 8 Aa 5.7 Cc 

3 Dried Blood 12 0.306 7.3 Cc 7.0 ABb c 

4 Anh. Ammonia ( 1 ) 82 0.306 9 .0 ABb 7.2 AaBb 

5 Anh. Ammon ia (2) 82 0 . 610 8.6 Bb 6.8 A.Bb c 

6 Urea ( 1) 46 0 . 306 9 .2 AaBb 8 .1 Aa 

7 Urea (2) 46 0.610 8 .9 AI3b 3.6 Dd 

S.E. per treatment mean 0.690 0.907 

S.E. per plot 1. 826 2.399 
Coef. of vari ation 21.627 37.484 

(*• ~he re Duncan ' s Test is applied, capital letters common to 

treatments re present no significance at the 1% level. With 

s mall letters in common there is no significance even at 

the 5% level.) 

The details of t analysis are listed fully in Tab le 31 ( Appendix II). 

The summarised data and r e sults of Duncan ' s Tests are shown in Table 

5 . Figure 3 shows the interrelationship of total and percentage N 

with dry weights of tops . 
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TABLE 5 
The percentage and total N of pot g rown radishes (tops) 

Treat . Source 
of 

Nitrogen 

Fert . N 
per pot 

(g) Ho . 

1 

2 

3 
4 

5 
6 

7 

Control 

Sulphate of Ammon ia 0 . 306 
Dried Bloo d 0 . 306 
Anhydrous Ammonia ( 1) 0 . 306 
Anhydrous Ammonia (2) 0 . 610 
Urea (1) 

Urea ( 2 ) 

0 . 306 
0.-610 

3.E. per treat ment mean 

S.E. per plot 

Coef. of variation 

Conclusions 

TOPS 
%N Stats . Total N Stats . 

Rating (mg) Rating 

3 .26 
2 . 98 
3 . 59 
3 . 92 
3 . 42 
4.09 
4 .73 

BC cd 

Cd 

BbCcd 

ABbCc 

:i3bCcd 

Aaifo 

Aa 

0.246 
0 . 650 

17.528 

80 .1 0 
148 .2 9 
121.75 
149.01 
102.08 
153. 88 
248.26 

Cd 

Bbc 

l3bC cd 

Bb c 

BC cd 

Bb 
Aa 

15.242 
40 .327 
28 .1 65 

In plants receivin e the high rate of ammonia the yield of tops 

was significantly lowe r (P = 0 .05) than' in plants receiving sulphate 

of ammonia at an equivalent level. Howe ver yield was not 

significantly different from t hose grown with equivalent urea 

additions. Joubling the ammonia or urea application depressed g rowth. 

Addition of dried blood raised the yield of tops signifi c antly 

(P = 0 . 01) over yield from plants grown without additional nitro Gen . 

Ilowever yields were still significantly (P = 0 . 01) less with dried 

blood than those from all other nitrogen treatments. 

Both sulphate of ammonia and urea at the higher levels 

reduced eermination and root growth below that of the untreated 

control. Urea at the low level was the only fertiliser to promote 



root growth significantly above the untreated control. 

The 11 percentae;es of plant tops with both levels of urea 

were signifi can tly (P = 0.05) higher than with all other fertiliser 

treatments. The total uptake of nitrogen by plants in urea 

treatments was also high, even though the dry weight figures were 

low compare d to other treatments. Urea at the higher level caused 

a significantly g reater (P = 0.01) recovery of nitro gen than in 

untreated controls due to a higher dry wei gh t per plant (a result 

of less plants per pot). 

Plants where either anhydrous ammonia at the higher rate, 

dried blood, or sulphate of ammonia had been applied did not have 

significantly g reater nitrogen percentages than untre ated controls. 

Of these, sulphate of ar:~onia was the only fertiliser which 

produced plants with total nitrogen levels significantly greater 

than in controls. 

Anhydrous ar.imonia compared favourably with other ma te.rials 

stimulating plant g rowt h and recovery of nitrogen, and this 

provides an adequate basis for further work. 

2. RAiHSr:!. :COT IE.3PO!l.3Z T~IAL - 2 

28 

This trial was simila r to the first except that anhydrous 

ammonia was comparetl with sulphate of ammonia only. Bo th fertilisers 

were applied at five l eve ls. 

Method 

There were six replicates of each treatment and a total of 66 



.. 
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pots. Twelve seeds were sown per pot and later the seedlings were 

thinned to six. In some treatmen ts, due to phytotoxicity, less 

than six plants survived (see ge r mination trials) . All fertiliser 

treatments were applied in August and sowing was delayed 5 weeks 

to allow an incubation period. 

Results 

Fresh and dry weights are given in Table 32 (Appendix II). 

Summarised yields and result s of Duncan ' s Tes t are listed in Table 

6. 
TABLi'.: 6 

Treatments and dry weights from radish pot response trial - 2 

TOPS .ROOTS 

Source Fe rt . N Mean Stats . .Mean .:3tats. 
Treat . of per pot Dry Wt :rtating Dry •'It Ra tin g 

No. Ni trogen (g) (g) ( g) 

1 Control 0 . 80 E o . 48 B 

2 Sulphate of Ammonia ( 1) 0 . 306 6 . 88 Dd 6.98 Aa 

3 Sulph.::i.te of Ammonia (2) 0 . 610 10.81 AaBb 6 . 86 Aa 
4 Sulphate of Ammonia (3) 0. 892 10.88 AaBb 6 . 23 Aa 

5 Sulphate of Ammonia (4) 1. 271 13.30 Aa 5.56 Aa 

6 Sulphate of Ammonia (5) 1.701 10.85 AaBb 4.69 Aa 

7 Anhydrous Ammonia ( 1) 0 . 306 5 .53 Dd 5 . 23 Aa 
8 Anhydrous Ammon ia (2) 0 . 610 8 .41 BCcD 8 . 20 Aa 

9 Anhydrous Ammonia (3) 0.892 11. 31 AaBb 7 .15 Aa 
10 Anhydrous Ammonia (4) 1 . 271 10 .50 AaBb 7.20 Aa 
11 Anhydrous Ammonia (5) 1. 701 10 . 85 AaBb 4.73 Aa 

~-~· of treatment mean o. 888 1.063 
S.E. per plot 2 .177 2.065 
Coef. of variat ion 24.357 45.596 



PLATE 8 

Irregular seedling emergence in Radish Pot Response 

Trial - 2, one week after sowing . (Fi gures are 

treatment numbers, as in Table 6 .) 

PLATE 9 

Radish Pot Response Trial - 2 , five we e ks after sowing, 

showing poor g rowth in the control (Treatment 1), partial 

toxicity in Treatments 5 , 6,10 ,1 1, and total toxicity with 

the high rates of ammonia application on right . 

I 

f 
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Conclllsions 

Unlike Pot Trial - 1 growth of all plants was significantly 

greater with all nitrogen additions than in the untreated control 

although the highe r levels of application proved to be supraoptimal. 

The growth r esponses wit h sulphate of ammonia and anhydrous ammonia 

were similar (Figure 4). Fertiliser damage is discussed under the 

section on ' ge r mination trials' . 

3, RADISH FIELD TRIAL - 1 

The object of this experiment was to verify and examine 

re sults from the previous trial under field conditions. 

Hethod 

Anhydrous ammonia was inj e cted at 4 11 and 6 11 depths while all 

other fertilisers were broadcast and li~htly raked into the soil. 

All treatments were replicated 5 time s in 2 1 by 2' plots, each 

containine:; 64 plants . .See ds were sown in December , the day after 

fertili ser applications, and the plants were harvested five weeks 

after sowing. 

Results 

Fresn and dry weigh ts are listed in Table 33 (Appendix II). 

Summarised yields and re sults of Duncan ' s Test are listed in Table 

7 and illustrated in Figure 5, 
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TABLE 7 
Treatments and dry weigh ts of radish in field trial - 1 

Source TOPS ROO'rs 
Treat . of lb N Mean Stats . Mean Stats . 

No. Nit ro gen per acre Dry Wt Ra ting Dry Wt iiating 
(g) (g) 

1 Control 38 . 2 Bb 33.0 Aa 

2 Sul phate of Arrunonia 66.1 45 . 5 Aa 28 .4 AaBbCc 

3 Dried Blood 66.1 46.9 Aa 30.0 AaBbCc 
4 Anhydrous Ammonia 66 .1 43 . 8 Aa 27.9 AC c 

( 411 de p th) 

5 Anhydrous Ammonia 66.1 46 . 8 Aa 32.5 Aa 
( 6" depth) 

6 Urea 66 .1 37 .4 Bb 27.0 A Cc 

S.E. of treat me nt mean 2.641 2.730 
S . E. per plot 5. 891 13. 670 
Coef. of variation 6 .097 20 .459 

Conclusions 

Growt h res ponse of plant tops to · additional nitrogen i n t his 

field trial was not as g reat as in the previous pot trials , but with 

all fertilis e rs except for urea, high si6nificance was rea c hed . ~oth 

urea and anhydrous ammonia p l aced at 4" depth inhibited root g rowth, 

but in no other treatments were r oot yields significantly affected 

compa red with the untreated controls . However in all cases root 

growth was less than in c ontrol plots . 

4. COS LET~UCE FiiLD TRIAL - 2 

Cos or Romaine lettuce is an upright leafy vegetable which 
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res ponds well to nitrogen application and is suitable for small 

plot work. 

The trial was designed to investigate growth of lettuce 

(variety Champion White) in the presence of either anhydrous 

ammonia or sulphate of ammonia, each at two levels (Table 3). 

Me thod ----
There were s ix re plicates of each treatme nt and a total of 

30 plots, each containi n g 25 plants with five inches between plants. 

Anhydrous ammonia was injecte d with the small precision 

applicator. Sulphate of ammonia was broadcast and raked in. Sowing 

was done 3 days af ter treatmen t app l icat ion and harvesting 13 weeks 

later. 

Results 

Full records of fresh and dry weights are shown in Table 34 

(Appendix II). Summarised yields and results of Duncan's Test are 

listed in Tab le 8. 

TABLE 8 
Treatments and dry wei g hts of field grown Cos lettuce 

Treat. Source of lb N Tops Statistical Mean Dry i>./t No. Nitrogen per acre ( g ) Ra ting 

1 Control 113 Cc 

2 Sulphate of Ammonia ( 1) 51.4 141 Bb 

3 Sulphate of Ammonia (2) 102.5 156 Aa 

4 Anhydrous Ammon i a ( 1) 51.4 141 Bb 

5 Anhydrous Ammonia (2) 102.5 139 Bb 

S . E . per treatment mean 7. 853 
S . E. per plot 19. 233 
Coef. of variation 13. 937 



Conclusions 

All fertilisers at both application rates significantly 

(P = 0.01) increased the growth of Cos lettuce compared to growth 

in untreated controls. The highest level of ammonium sulphate 

produced highly significant g rowt h increases over anhydrous ammonia 

treatments. 

5. SPINACH FIELD TRIAL - 3 

Spinach was selected as a second form of leafy vegetable 

which was suitable for small plot work and likely to respond to 

nitro gen fertilisers. 

Method 

In this experiment a ran ge of nitrogenous fertilisers was 

app l ied to the plots, each c on t aining 25 plants, 5 inches apart. 

With 9 treatments and 6 replicates ther~ were 54 plots. 

The spinach variety ' Prickly Lon g Standing ' was used . 

Anhydrous ammonia was inj e cted in late February usin g the small 

precision applicator . The other fertilisers were broadcast and 

raked in on the same date except for urea which was applied as a 

side-dressing after emergence in order to avoid ge rmination loss. 

Seeds were sown soon after fertiliser application and harvesting 

was carried out 15 weeks later . 

Results 

Fresh and dry weights are listed in Table 35 ( App endix II). 
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Summarised yie lds and results of Dun can' s Tes t are listed in 

Table 9. 

TABLE 9 
Treatments and dry weights of field gr own spi.nach 

Treat. 
No. 

1 

2 

3 
4 

5 
6 

7 
8 

9 

S . E . 

s . .2 . 

Coef. 

Control 

Source of 
Nitrogen 

Sulphate of Ammonia ( 1) 

Sulphate o f Ammonia (2) 

Dried Blood ( 1 ) 

Dried Blood (2) 

Anhyd rous Ammonia ( 1 ) 

Anhydrous Ammonia (2) 

Urea ( 1) 

Urea ( 2) 

per treatment mean 

per p lot 

of variation 

Conclusions 

lb N 
per a cre 

5 1.4 

102 . 5 

51.4 

102.5 

51.4 

102 .5 

51.4 

102.5 

Tops 
Mean Dry Wt 

(g) 

S tatistical 
Rat ing 

108 Dd 

120 Cc Dd 

117 Cc Dd 

12 9 BCc 

117 Cc Dd 

154 Aa 

147 Aa 

153 Aa 

144 AaB 

10.075 
24. 674 

18 .677 

Spinach growth was significantly (P = 0.01) g r eate r with all 

levels of anhydrous ammonia and urea than vii th all other treatmen ts. 

Post emergence application of urea may have a ccounted for the 

improved response to this fertiliser compa red with response in other 

trials . Spinach appeared unresponsive to high rates o f fertilisers 

and this ma y be due to sowin G durinG a warm summer which i s 

unsuit able for the rapid g rowth of s pin a ch (Kennelly , 1958 ). 



6. RADISH FIELD RESPONSE TRIAL - 4 

This experiment was carried out to substantiate the g ro wth 

response, found in the radish pot response trial, under fie ld 

conditions. It was also the final small scale field trial in 

which a nhyd rous ammonia was compared with other nitro gen materials . 

This trial wa s run in conjunction with the germination field trial 

which is dis cus sed l a ter . 

Method 

There were six replicates of e a ch treatment and a total of 

66 plots, e a ch containin g 49 p l ants which had been sown wider apart 

than in previous radish trials. A basal dressing of superphosphate , 

sulp hate of potash , a nd lime wa s applied just prior to the injection 

of anhydrous ammonia with the s mall precision applicator and to the 

broadcas t app l ication of the sulp hate of ammonia treatments. 

Radi s h variety ' Long Scarlet ' was sown the day following 

fertiliser application and harvesting was carried out 9 weeks later 

in early Februa r y . 

Results 

Full records of fresh and dry wei g hts are given in Table 36 

(Appendix II) . Summa rised yields and results of Duncan 's Test are 

listed in Table 10. Figure 6 shows respon s e curves for raaish tops 

and roots. 
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TABL.t. 10 
Treatments and dry weights of tops and roots of 

field grovm r adish p lan ts 

Source TOPS ROOTS 
Treat. lb N He an S tats. Mean S tats. 

No. of 
Dry Wt .ctating Nitroge n per acre Dry i'i t Rating 

( g ) (g) 

1 Control 67.00 E 47.33 Be 
2 Sulphate of Ammonia ( 1 ) 51 .4 103 .50 Ccj) 57.50 AB be 

3 Sul phate of Ammonia (2) 102 .5 115.33 ABbCD 68 .oo AaBb 
4 Sulphate of Ammoni a (3 ) 149 . 8 12 3 .33 AaBb C 76.00 Aa 

5 Sulphate of Ammonia (4) 213. 6 141.00 Aa 70.66 Aab 
6 Sulphate of Ammonia (5 ) 285 . 9 132. 83 AaBb 64.16 Aa Bb 

7 Anhydrous Ammonia ( 1 ) 51 .4 95 .1 6 D 67.83 AaBb 
8 Anhydrous Ammonia (2) 102 .5 11 8 .50 ABbCD 70 .1 6 Aab 

9 Anhydrous Ammonia (3 ) 149. 8 114.oo BbCcD 65.83 AaBb 
10 Anhydrous Ammonia (4) 213 . 6 11 9. 83 ABbCD 57.66 Ai3bc 
11 Anhydrous Ammonia (5) 285 , 9 120.50 ABbCD 63 .50 AaBb 

S.E . per treatment mean 6 .101 4.958 
S . E . per p lot 14. 945 12 .147 
Coef. of variation 13.088 18.854 

Conclusions 

The response curve of radish to ps in this trial was flatter than 

that obtained in t he corresponding pot trial (Fi gure 4) out had the 

same ge neral shape . The same field soil was used in the pot trial 

but t he native nitrog en level had been lowered by dilution wi th sand . 

The re sponse curve o f radish roo ts in the fielu trial was 

even flatter than that of the t ops, re flecting again the hig her soil 

nitrogen level in the undiluted soil c ompa red with tha t us ed in the 

pot trial. 
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7. LARGE SCALE RADISH FIELD TRIAL - 5 

This trial complemented earlier small scale work and was 

carried out using the larg e scale field applicator for anhydrous 

ammonia a pplication. 

Method 

There were three re plicates of each treatment and two 5' by 

3 1 6 11 samples were taken at random from each of the 18 plots. 

Radish (variety 'Long Scarlet') wa s sown with a Stanhay precision 

seeder into five foot beds, 35 feet in length. .Rows were 1on apart 

with plants spaced 2" apart in the row. 

The trial area received a bas al dressing of superphosphate, 

sulphate of potas h and l ime. Anhydrous ammonia was injected six 

inche s deep with 13 inches between each of the applicator tines. 

Sulpha t e of a mmonia was broadcast and raked into each plot. Sowing 

was carried out the next day and the plants were harvested 12 weeks 

later in March. 

Results 

41 

Fresh and dry weig hts are listed fully in Table 37 (Appendix 

II). Summarise d yields a nd results of Duncan's Test are given in 

Table 11. Fig u r e 7 give s g rowth re sponse curves for tops and roots, 

and Figure 8 gives curves for the ratio of tops to roots, from Table 

38 (Appendix II). 



TABLE 11 
Treatoents and dry weights of radish grown in the f ie l d 

o n a large scale 

TOPS ROOTS 

42 

Source Treat. 
of lb N Mean Stats . Mean Stats . 

No. 
Nitrogen per acre -;Jry ·dt Hating Jry Wt 2ating 

(g) (g) 

1 Control 89 . 33 Dd 219 . 66 ;,a 

2 Sulphate of Ammonia 50 122 . 33 BbCc 208 . 83 Aa 

3 Sulphate of Ammonia 150 161 . 16 AaBb 230 . 50 Aa 
4 Anhydrous Ammonia 50 113 . 66 CcDd 234 . 16 Aa 

5 Anhydrous Ammonia 150 136.00 13bCc 219 . 16 Aa 
6 Anhydrous Ammonia 300 183 .16 Aa 278 . 83 Aa 

S.E. per treatment mean 9 . 449 22 .683 
S.E. per plot 23 . 147 55 .562 
Coef. of variation 17.238 23 . 963 

Conclusions 

The g rowth response of radish to zs was similar to that for the 

radish field response trial - 4 (Figure 6 & 7) . The response fro m 

anhydrous ammonia was not significantly different from that of 

ammonium sulphate. Root g ro wth did not differ significantly between 

any of the treatments althouch the hi0hest application rate of 

anhydrous ammonia ga ve the greatest yields of both roots and tops. 

Root yields varied greatly between samples (Table 37, Appendix II) 

and this could account for the lack of significance be hrnen trea tr:ien ts . 
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8. TIME OF APPLICATION FIELD T.RIAL - 6 

This experiment was designed to examine the resp onse of 

spring sown radishes (variety 'Lon g Scarlet ') to anhydrous ammonia 

applied at diffe rent times ranging from the previous summer to 

just prior to sowing. It was also intended to relate the growth 

response from various application times to the soil temperatures. 

Method 

A basal dressing of superphosphate and sulphate of potash 

was applied prior to the first fertiliser treatment. Anhydrous 

ammonia was injected at a depth of 6 11 usin g the small precision 

applicator, and sulphate of ammonia was broadcast. Dates of 

application are listed in Table 12. Treatment 9 was an exception 

as the sulphate of ammonia was placed in seven holes at a depth of 

611 to simulate anhydrous ammonia placement. All fertilisers were 

applied at 102.5 lbs N per acre. 

There were five replicate s of each treatment and a total of 

45, 2' by 2' plots. 64 plants were sown in each plot on 4.10.69, 

and harvested on 27.12.69. All plots were kep t clear of ve getation 

until s owin g . 

Results 

Fresh and dry weights are listed in Tab le 39 ( Appendix II). 

Summarised yields and results of Dun can's Tes t are listed in Table 

12 . Figure 9 shows six inch mean mon thly soil temperatures at 

Lincoln College. One curve r epresents monthly mean temperatures 



for the ten years from 1959-1 969 and the other represents soil 

temperatures for 1969. The respective readings are shown in Table 

40 (Appendix II). 

TABLE 12 
Anhydrous ammonia application times and the 

corresponding dry weights of spring s own radishes 

TOPS ROOTS 

46 

Treat. Treatment Applic . Mean Stats . Hean .Stats . 
No. Date Dry "ti t Rating Dry 1vt Rat ing 

(g) ( g ) 

1 Control 67 . 24 Ac 39.20 Aa 

2 Sulphate of Ammonia 30 . 4 .69 78 . 56 Aabc 37.56 Aa 

3 Sul phate of Ammonia 4.10 . 69 88 . 90 Aabc 39.21 Aa 
4 Anhydrous Ammon ia 29. 4 .69 70 . 98 Ab e 43.34 Aa 

5 Anhydrous A.n1monia 31 . 5 . 69 90 .68 Aabc 44.26 Aa 

6 Anhydrous Ammonia 30 . 6.69 100 . 30 Aab 47.24 Aa 

7 Anhydrous Ammonia 6. 8 .69 78 . 80 Aabc 45.41 Aa 

8 Anhydrous Ammonia 1.10.69 98 . 08 Aab 44 .26 Aa 

9 Sulphate of Ammonia 4.10 . 69 100 . 72 Aa 47.64 Aa 

S . E. per treatment mean 8 . 758 3.140 
s . t; . per plot 19. 584 7.022 
Coef. of variation 22.764 16 .284 

Conclusions 

Although there were no highly significant diff e r ences between 

treatments it is noticeable in Figure 9 that the yield of tops from 

plants receiving anhydrous ammonia applied in t he 'low te mpera ture 

months' of June and July was much hi~her than yields from earlier 

applications of both anhydrous ammonia and sulphate of ammonia made 

when temperatures were higher. The June and July applications gave 
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equivalent responses to those fertilisers applied close to sowing 

in spring . 

Plants in this trial were dama ged by hares and standard 

errors were therefore high. If plots with plant dry weights less 

than 60% of the mean value for that treatment (Table 41, Appendix 

II) are omitted, plant response to fertiliser application times is 

less variable, although similar trends remain (Figure 9) . 

9. RADISH GERMINATION TRIAL AND OBSERVATIONS ON GERMINATION - 7 

The germination results and observations from all trials 

where ammonia phytotoxicity occurred are collected in this section, 

along with the main field trial on germination. 

The first two sections give observations on germination in 

the two pot trials which led to the need for the germination field 

trial discussed in the third section . 

(1) Radish Pot Trial - 1 

Treatment 

1. Urea 0.306g N/pot 

2. Urea 0.610g N/pot 

Observations on Germination 

A few seedlings were weak and unthrifty in 

several pots with germination reduced by 

50% in one replicate. 

Out of the 7 pots in this treatment 

germination was reduced by 66 .3% in two 

replicates and by 83 . 3% in one of them. 

Germination was close to normal in other treatments. 



(2) Radish Pot Resnonse Trial - 2 

The germination per pot (from 10 seeds) is shown for 

respective treatments in Table 42 (Appendix II) . These results were 

convert ed to percenta ges and analysed as a 2 x 5 factorial for 

fertili sers and rate s respectively . Factorial analysis of these 

factors is shown in Tab le 13, the summarised yields and results of 

Duncan's Test in Table 14 and the analysis of variance in Tabl e 16. 

Germination results for additional treatments are shown in Table 15 . 

Figure 10 illustrates the reduction of germination with 

increased rat es of fertiliser application and Table 16 shows the 

analysis of variance and F test of the same data. 

1 . 

2. 

TABLE 13 

Germination percentages divided between the two factors of 
rate and fertiliser for pot Grown radishes 

Fertiliser Rate g N Pe r Pot 
0.306 0 .610 0 . 892 1.271 1 . 70 1 

Sulphate of Ammonia 96 . 66 83 . 33 76 . 66 55.00 58 . 33 

Anhydrous Ammonia 95 . 00 100 .00 95.00 81.66 36 . 66 

MEAN 95 . 83 91.66 85 . 83 68 . 33 47 . 50 

s . .c:. per fertiliser mean 3 . 174 

S.E . per rate mean 5 . 018 

Mean 

74.00 

8 1. 66 

77.83 
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TABLE 14 

Treatments and Germination Percentages for pot grown radishes 

No. Fertiliser Hate Germination S tatistical 
g N % Rating 

1 Control 98.33 Aa 
2 Sulphate of Ammonia 0 .306 96.66 Aa 
3 Sulphate of Ammonia 0.610 83 . 33 AaB 
4 Sulphate of Ammonia 0. 892 76.66 AaBb 
5 Sulpha te of Ammonia 1.271 55.00 BCc 
6 Sulphate of Ammonia 1.701 58.33 BbC 
7 Anhydrous Ammonia 0.306 95 . 00 Aa 
8 Anhydrous Ammon ia 0.610 100 .00 Aa 

9 Anhydrous Ammonia 0 . 892 95 .00 Aa 
10 Anhydrous Ammonia 1 .271 81.66 AaB 
11 Anhydrous Ammonia 1.701 36.66 Cc 

S.E. per treatment mean 7.097 

TABL.2 15 

Germination percentages fro m additional and higher rates of 
anhydrous ammonia for radishes sown in pots 

No. Treatment g N/pot % Germination 

13a Anhydrous Ammonia 2 . 5L~2 50 ( germination delayed) 

13b Anhydrous Ammonia 2.542 0 

14 Anhydrous Ammonia 3 . Lr02 0 

50 



TABLE 16 

Analysis of variance of germination percentages for 
pot grown radishes showing the significant factors 

51 

Variance D of Sums of Mean Sq. F From 'fables 
Due 'ro F Sqs P=0 . 05 .2=0 . 01 

Blocks 5 2121 . 211 
Treatments 10 26760.605 2676 . 060 8 . 85"* 2 . 05 2 . 74 

Fertiliser 1 881 . 666 88 1 . 666 2 . 91 4.04 7. 19 
Rate 4 19076 . 666 4769 . 166 15 . 77 .. 2 . 56 3.74 
Fertiliser x Rate 4 4509 . 999 1127 . 499 3 . 73** 2 . 56 3 . 74 
Re mainder 1 2292 . 272 2292 . 272 7 . 58** 4 . 04 7 . 19 
Error 50 151 ·12 . 122 302 . 242 

TOTAL 65 43993 . 939 

s ·~ • r,. per pot 17 . 385 
Coef . of variation 21 . 814 

(3) Germination Field Tria l - 7 

The germination percentage per plot is shown in Table 43 

(Ap pendix II). These results were analysed as a 2 x 3 x 2 fa c torial 

representing depth of applicatio n , fertiliser , and rate respe c tively. 

Tables 17, 18 and 19 show the division of the three factors into 

pairs in accordance with the factorial analysis . Mean germination 

percentag es and the results of Duncan's Test are given in Tabl e 20 

and the analysis of variance in Table 21 . 

This trial was run in conjunction with the radish field 

response trial with additional treatments replicated within bl ocks 

of the latter. ' Shallow' refers to mixin g of the fertiliser in the 



top inch of soil or in the case of anhydrous ammonia, injection to 

three inches depth. ' Deep ' refers to mixing of fertiliser in the 

top six inches of soil or injection to six inches with anhydrous 

ammonia. 

TABLE 17 
Radish germination as affected by the factors of 

application depth and the fertiliser 

Fertiliser 
Depth Sulphate of Anhydrous Urea 

Ammonia Ammonia 

Shallow 83 .33 85 .33 87 .91 
Deep 85.50 84.16 89 .00 

MEAl~ 84.41 84 .75 88 .45 

S.E. per fertiliser mean 1. 318 
S.E. per depth mean 1.076 

TABLE 18 
Radish germination as affected by the factors of 

application depth and rate 

Ra te lb N Per Acre Depth 51 .4 213.6 

Shallow 87.66 83 .38 
Deep 86 .33 86.11 

ME~ 87.00 84.75 

s . .2 . per rat e r:1ean 1 .076 
S . E. per depth mean 1 .076 

Mean 

85 .52 
86 .22 

85 . 87 

Mean 

85 .52 
86.22 



TABLE 19 
Germination of radish as affected by the factors of 

fertiliser and application rate 

Fertiliser Rate lb N Pe r Acre 
51 .4 213.6 

Sulphate of Ammonia 88 . 50 80 .33 
Anhydrous Ammonia 85.00 84 .50 
Urea 87.50 89.41 

MEAN 87.00 84 .75 

S . E . per fertiliser mean 1.31 8 
S.E. per rate mean 1.076 

TABLE 20 

Mean 

84 .41 
84 .76 
88 .45 

Treatments and germination percentages for field grown radishes 
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r o. Fertiliser Rate 
lb N/Acre 

Germination S tatistical 

1 Control 

2 Sulphate of Ammonia Shallow 

3 Sulphate of Ammonia Shallow 

4 Sulphate of Ammonia Deep 

5 Sulphate of Ammonia Deep 

6 Anhydrous Ammonia Shal low 

7 Anhydrous Ammon ia Shallow 

8 Anhydrous Ammonia Deep 

9 Anhydrous Ammonia Deep 

10 Urea Shallow 

11 Urea Sha llow 

12 Urea Deep 

13 Urea Deep 

S . E . per treatment mean 

51.4 
213 .6 
51.4 

213.6 
51.4 

213.6 
51.4 

213.6 
51.4 

213.6 
51.4 

213.6 

2 . 636 

% Rat i ng 

87. 66 
91.33 
75.33 
85 .66 
85 .33 
84 .33 
86 .33 
85 . 66 
82 . 66 
87 . 33 
88 .50 
87.66 
90 . 33 

Aa 

Aa 
Bb 

AaB 
AaB 

AaB 

AaB 

AaB 

AaBb 
Aa 
Aa 

Aa 
Aa 



TABLE 21 
The analysis of variance of ~ermination for 

field grown radishes showing the up rincipal factors 
causing germination failure 

Variance D of Sums of From 
Due To F Sqs Hean Sq. F P=0 .05 

Blocks 5 4230.833 
Treatments 12 11 51.178 95 . 931 2 . 29* 1.67 
Depth 1 8 . 680 8.680 0.20 3.98 
Fe rtiliser 2 241. 583 120.791 2. 89 3.13 
Rate 1 91 .1 25 91 . 125 2 .1 8 3.98 
Depth x Fertilise r 2 34.694 17.347 o . 41 3.13 
Depth x Ra te 1 74.014 74.014 1.77 3.98 
Fertiliser x Rate 2 332.583 166.291 3 . 98* 3.13 
Remainde r 3 368 . 497 122. 832 2.94* 2 .74 
Error 60 2502.667 41 . 711 

TOTAL 77 7884 . 679 

S . E. per plot 6 . 458 
Coef. of variation 7.504 
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Tables 
P=0 . 01 

2.45 
7.01 
4.91 
7.01 
4. 91 
7.01 
4.91 
4.07 

Additional treatments which could no t be included in the 

factorial analysis are included in Tabl e 43 ( Appendix II). 

Conclusions 

The fir st section reports on initial observations on 

germination failure in pot trial - 1. 

In the pot r esponse trial a factorial analysis revealed clear 

loss of ge r mination with different treat me nts (Tabl e 20) . Fi gure 10 

shows that rate is an import an t factor in causing g ermination f ailure. 



PLATE 10 

Seedlings emergin g in the radish ge rmi~ation field trial. 

This plot received anhydrous ammonia at 285 . 9 lbs N per 

acre . Lack of germination can be seen around ammonia 

patches. 

PLATE 11 

This is the same plot as shown in Plate 10, prior to 

sowing . The dark areas indicate injection sites where 

ammonia has caused solubilisation of soil organic 
matter. 

t 





75 

% 
Germination 

5 0 

2 5 

0 

56 

An. A. 

0 ·25 0 ·50 0 ·75 1·00 1·25 1·50 
Rate g N/pot 

Fig .10 

Germination percentages of pot grown radishes. 



The decline of ge rmination with increasing rate is particularly 

rapid with anhydrous ammonia, to the extent of a complete lack of 

germination with additional treatments as shown in Table 15. 
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However the significant fertiliser rate intera ction shows that 

germination reduction caused by increased application rate is more 

severe with sulphate of ammonia than with anhydrous ammonia or urea 

(Table 19). The most significant factors causing germination failure 

are illustrated in t he analysis of variance table (Table 21) . The 

principal factor is rat e , with treatments and fertiliser rate 

interaction also highly significant ( P = 0 . 01) . Germination failure 

in repre sentative pots is shown in Plate 8 . 

The effects on root development in pot and field trials are 

shown in Plates 12 and 13 respectively . They show that high rates 

of anhydrous ammonia can c ause severe stunting and enhanced branching 

of roots . 

A fact oria l analysis of the field germination trial is shown 

in the third section. Reduction in germination was less than 

expe cted . This may partly be the result of soil compaction due to 

re bular irrigation. High soil moisture would also tend to lessen 

gerffiination toxic effects . There was significance (P = 0.05) for 

both treatments and for the fertiliser rate interaction . It was 

noticeable that high rates of sulphate of ammonia (shallow) and 

anhydrous ammonia (deep) ga ve the lowest germination and were 

significant ( P = 0 . 05) from other trea tments . 

Plate 11 illustrates the localised distribution of anhydrous 

ammonia in the soil and Plat e 10 illustrates the failure of seedlings 



PLA'rE 12 

Radish root s of the pot re sponse trial (Rep. 6) . dome roots are smaller 

distorte d and more branched where high fertiliser application rates have 

been us e d . 

Tre a t ment g N/pot 

TOP ROW Sulphate of Ammonia 0 . 306 0 . 610 0 . 892 1. 271 1. 701 

AT SIDE Control 

MIDDLE RO • .f Anhydrous Ammonia 0 . 306 0 . 610 0 . 892 1 . 271 1 . 701 

BOTTOM RO I Anhydrous . .:.mmonia 1 . 271 2.542 
(Additional treatmen ts) 

PLAT.:'.: 13 

Roots from t he r adish i sotope trial showin~ distortion and branching 
caused by ammonia toxicity. 

LEFT 
Untreated Control 

J.!IDDLE 

Anhydrous Ammonia 
1087 mg 

In jected directly 
under plant 
at 311 depth 

RIGHT 

Anhydrous Ammon ia 
1037 mg 

Injected airectly 
under plant 
at 6 11 dep th 

, 



I 
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to emerge in these areas after the application of anhydrous ammonia. 

In conclusion, germination failure was much more apparent in 

pot rather than in field trials. 

10. SWEET CORN ISOTOPE ROOT DISTRIBUTION TRIAL - 8 

The object of this experiment was to study root distribution 

of sweet corn with emphasis on the uptake of anhydrous ammonia. All 

treatments had isotope placed at va rious distances from t he plant , 

but only half had anhydrous ammonia which was injected in the same 

location as the isotope . By co mparing the radio activity of plants 

in the se two groups conclusions can be made on when roots utilise the 

ammonia from the injection site , since a capsule containing 3Zp was 

located there . 

t-iethod 

Anhydrous ammonia was injecte d with the smal l precision 

applicator at two depths and three distances from each plant and a 

gelatine capsule containing 32 ? was placed in each inj e ction hole 

just prior to application . In treatments where isotope and ammonia 

were placed directly under plants , only one capsule and injection was 

u sed . In all other treatments a capsule and an ammonia injection 

were placed on both sides of the plants and therefore do uble 

quantiti es of isotope and ammonia were received. 

There were four replicates of ea c h treatment and a total of 

42 plots, each with one plant. Several seeds of sweet corn (variety 

' Golden Cross Bantam ' ) were sown in each plot and were later thinned 

. I 
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to one plant . Plants were spaced six feet apart with eight feet 

between the rows. Treatments were applied on the same day as 

sowing. Harvesting was carried out before the plants were mature , 

2~ months later , at the end of Ma rch. 

60 

Plant radioactivity was measured daily in the field. Linuron 

herbicide was applied post - emergence and some plants were damaged by 

drift. However these plants were eliminated from the r esults and 

allowance was made in the statistical analys is by subtracting de grees 

of freedom. 

Plants were irrigated once only , two months afte r sowing. 

Results 

Full records of fresh and d ry weights are given in Tabl e 44 

( Appendix II) . Summarised yields and re sults of Duncan's Test are 

given in Table 22 . Hadioactivity l e vel s obtained from l aboratory 

' wet-ashing' analyses are given in Table 23 and radioactivity field 

readings based on the mean of the l ast three days before harvest are 

shown in Table 2Lt . Figure 11 illustrates the rise and fall of p l ant 

radioactivity based on field readings and Fi gure 12 demonstrates 

possible root development and dist ribution based on the same field 

readin gs . 
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TABLE 22 
Treatments and dry weights for field g rovm. sweet corn 

No. Treatment 

1 Control 

2 I sotope di rectly under plant 3" 
3 Isotope direct l y under plant 6" 
4 Isotope 6 " away 3" depth 

5 Isoto pe 6 II away 6 II depth 
6 Isotope 12" away 311 depth 

7 Isotope 12' 1 away 6" depth 
8 Isotope dire ctly under plant 311 
9 Isotope directly under plant 6" 

10 I sotope 6" away 3" depth 
11 Isotope 6" away 6" depth 

12 Isotope 12 11 away 3'' depth 

13 Isotope 12 II aw3y 6" depth 

S . E . per treatment mean 

s . r; . per plot 

Coef . of variation 

The six missin g plots were allowed 

de p th 

dep th 

depth 

depth 

for in 

Ammonia 
( mg) 

1084 
1084 

2 x 1084 
2 x 1084 
2 x 1084 
2 x 1084 

2 . 389 
L~ • 778 

41 . 331 

Dry ~,rt 

( g ) ( Tops ) 

10. 25 
13.32 
10 . 50 
11 .32 
11. 85 

8 . 87 
13 .57 

7 . 94 
13 . 92 
10. 45 

9 . 37 
15 . 20 
13 . 57 

the analysis by 
substituting mean values and subtracting six from the error 
of fr eedom . 

Stats. 
~a ting 

Aa 

Aa 

Aa 

Aa 

Aa 

Aa 

Aa 
Aa 

Aa 

Aa 

Aa 

Aa 

Aa 

degr ees 
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TABLE 23 
Sweet corn radioactivity readings , g iven in counts per minute 
per gram (C/H/~) of tops, obtained from laboratory analysis 

No . Treatment 

1 Control 

2 Isotope directly under plant y1 depth 

3 Isotope directly under plant 511 depth 

4 Isotope 511 away 3" depth 

5 Isotope 511 away 6" depth 
6 Isotope 12" away 311 depth 

7 Isotope 1211 away 511 depth 
8 Isotope directly under plant 

}11 depth (i• H3) 
9 Isotope directly under plant 

611 depth (NH
3

) 
10 Isotope 611 away 311 depth (HH3) 
11 Isotope 6 11 away 611 depth (NH3) 
12 Isotope 12 11 away y1 depth (UH3) 
13 Isotope 12 11 away 511 depth (NH3) 

I 

159 .3 

1570 . 0 
5 . 3 

375 . 0 
2 . 9 
4.9 

11 . 9 

2699 . 7 
273 . 8 

0 . 5 
91 . 8 
2 . 1 

C/M/g (Tops) 

Replicate 
II III 

1435 .5 2677 . 1 

484 . 6 470 .5 
216 . 8 3449 . 8 
170 . 7 2921. 1 
22 . 2 
8.3 27 .0 

3 . 9 15 . 9 

134 . 8 5 . 8 
6 .5 

114 . 2 
2 . 7 
9. 9 29 . 2 

IV 

3339 . 4 

3077 . 5 

1. 8 
221. 4 

2 . 8 

4. 5 
65 . 7 

5 . 5 
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TABL.G 24 
Radioactivity readin gs, taken in the field, of sweet c orn 

f o liag e (mean of last 3 days) 

Mr 2 
No . Treatment 

per hour x 10 
Replicate 

I II III IV 

1 Control 

2 I so tope directly under plant 
3" depth 108 . 7 38 .0 25 . 7 124 . 7 

3 Isotope directly under plant 
611 depth 118. 7 14 . 3 15 . 3 109 . 7 

4 Isotope 6" away 3" depth 6 . 6 7.6 102 .6 
5 Isotope 6" away 6 II depth 38 .0 14 . 3 60.0 
6 Isotope 12" away 3" depth 3 .0 'I. 3 2 . 0 
7 Isotope 12" away 1211 depth 1. 0 1 .0 4 . 3 9. 0 
8 Isotope directly under plant 

3" depth (H b3) 1-3 2 .0 2 . 0 0 . 3 
9 Isotope directly under plant 

6'1 depth (i;H3) 79 . 3 5 . 7 46 .o 
10 Isotope 6 11 away y1 depth (i'IH_) 6 .3 3 . 7 1. 3 

) 
11 Isotope 611 away 611 depth (1rn3) 0 . 7 0 . 3 4 . 3 3 . 7 
12 Isotope 12 11 away 3'' depth ( r;H

7
) . 1. 0 0 .7 

J 
13 Isotope 12 11 away 6" depth (NH

3
) 0 . 3 1. 7 0 . 3 1. 3 

Conclusions 

The assumption is made that 32P absorption is a measure of 

root activity and therefore relat es to ammonia absorption . ~here 

isotope or isotope and arnr:ionia were placed O", 3" & 611 away from the 

plant, ammonia clearly i nhibited 32P uptake from soil . In other 

words , root s were prevented from entering the centre of the ammonia 

retention areas, exce p t in one replicate where ammonia and iso~ope 

had been placed directly under the plan t at 6 11 depth . 

63 
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In the ree;ion within 6 11 of the plant , absorption ceased less 

than 6 weeks after sowing (Fieure 11) and at 12 11 distance little 32P 

entered the plant whether or not ammonia was simultaneous ly present . 

Figure 11 shows that the region of maximum absorption of 32P 

was within a 6 11 radius of the plant . It also indicates that there 

was a delay period before isotope was taken up. In the case where 

the ammonia and isotope were placed directly under the plant at 3 

inches (0/3) the lag time was only 4 days but when they were p laced 

6 inches away at 3 inches depth ( 6/3) it was 3-'~ weeks before uptal'.:e 

occurred. Figure 12 illustrates root development based on daily 

field radioactivity readings. 

11. RADISH ISOTOPi ROOT DISTRIBUTIO! TiITAL - 9 

Uptake of isotope from anhydrous ammonia injection sites was 

established in the sweet corn isotope trial . This experioent 

continue s the work further , examining ammonia uptake by radishes 

using the same distances and depths of application, but this time 

with an isotope capsule in every injection zone . In addition there 

were 8 replicates of each treatment. In this way , development anci 

distribution of radish roots alonG ~ith ammonia uptake and placeoent 

could be studied . 

Method 

Anhydrous ammonia injection and place~ent of 32P capsules 

were carried out in the same manner as in the sweet corn isotope 

trial. However both ammonia ond isotope were used in each case , 
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except of course in the controls. There were 8 replicates of eac h 

treatment and a total of 56 plots , each with one plant . On the same 

day as treatment application, several seeds were sown in each plot 

and thinnin e was carried out a week later . Plants were harvested 

six weeks after sowing. 

Results 

Full records of fresh and dry weights of roots and tops are 

listed in Table 45 (Appendix II) . Summarised yields and results of 

Duncan's Test are given in Tab le 25 . riadioactivity readin gs using 

laboratory ' wet-ashing ' analysis and using four randomly selected 

replicates are shown in Tables 26 and 27 . Figure 13 illustrates the 

rise and fall of plant r adioactivity based on field readin gs. 

Figure 14 illustrates possible r oot development and distribution 

ba sed on field readings . rable 28 shows radioactivity field readin gs 

based on the mean of the readinEs for the last three days . 
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TABLE 25 
Tr eatments and dry weights of tops and roots for 

fiel d grown radishes 

TOPS ROOTS 
Treat . 

Treatment Mean Stats . He an S tats. 
No. Dry :n Ra tin g Dry 1<J t Rat ing 

( g ) ( g ) 

1 Control (no aramonia 
or isotope) 7.01 Aa 8 .41 Aa 

2 Isotope directly un der 
plant 3" depth 6 .48 Aa 9.08 Aa 

3 Isotope directly under 
plant 6" depth 7 .1 3 Aa 8 .72 Aa 

4 Isotope 6" away 
311 depth 6 . 82 Aa 8 . 45 Aa 

5 Isotope 611 away 
611 depth 7. 46 Aa 7 .17 Aa 

6 Isotope 1211 away 
311 depth 6 . 91 Aa 7. 97 Aa 

7 Isotope 1211 away 
611 depth 7.03 Aa 7. 65 Aa 

S .E . per treatment mean o .474 0.628 
S . E. per plot 1 .342 1.766 
Coef. of variation 19.228 21.640 

(rote - ammonia was applied with the isotope in each c ase.) 



TABLE 26 
Radish radioactivity readings , g iven in coun ts per minute 

per gram (C/1-1/g) of tops , obtained from l aboratory analysis 

C/l1/g ( Tops) 
Treat . Treatment 

Sample No. 
1 2 3 

1 Con trol (no isotope) 

2 Isotope d i rectly under plant 
3" depth 11.07 102 . 26 2 . 61 

3 Isotope directly under p l ant 
6" depth 95.80 1. 96 199 .11 

4 

1. 98 

8 . 43 
4 Isotope 6" away 3" depth 116.00 102 . 38 43 . 86 127 . 83 
5 Isotope 6" away 6" depth 0.75 
6 Isotope 12'' away 3" depth 1. 63 
7 Isotope 12 11 away 6 II depth 2.00 25 .20 

( Ammonia with isotope) 

TABL£; 27 
Radish radioactivity readin gs , given in counts per minute 

per g ram (C/ i/g) of root s , obtained from labora tor y analysis 

Treat . 
No. Treatment 

1 Control (no isotope) 

2 I sotope directly under plant 
3" depth 

3 Isotope directly under plant 
6" depth 

4 Isotope 6 '' away 3" depth 

5 Isotope 6 II away 6" depth 

6 I sotope 1211 away 3" depth 

7 Isotope 12 11 away 6" depth 

( Ammonia with isotope) 

1 

7 . 85 

156 . 15 
47 .75 

2 . 96 
0.76 

C/M/g ( Ro ots) 

Sample 
2 3 

5 .1 2 134 .1 5 

8 . 86 8 . 51 
123.83 151.25 

2 .13 

20. 83 

8 . 30 
85 . 06 
2 . 23 

6.57 
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TABL.i'.: 28 
Radioac tiv i ty r eadings , t aken in the field , of radish 

foli age (mean of l as t 3 d a y s ) 

Mr p e r hour x 102 
No. Tr ea t men t 

Re p licat e 
I II III IV v VI VII VIII 

1 Cont rol 

2 I sotope direct l y 
unde r plant 3" 
dep t h 1 . 6 4.o 2.0 3 . 3 

3 I sotope direct l y 
u nde r plant 6" 
depth 3 . 0 1 . 0 4.o 3 . 3 

4 I sotope 6" away 
3" depth 14 . 3 5 . 3 3 . 6 10 .0 

5 Isotope 6" away 
6" depth 2 . 6 0 . 3 1 . 0 2.3 

6 Isotope 12" away 
3 II dept!l 3 .0 4.o 

7 I sotope 12" away 
6" depth 1. 3 2 . 3 1. 3 2 . 3 
(A.rumonia with isotope) 

Conclusions 

The 32P absorption curves shown in Fi gu r e 13 we r e s i mila r to 

t ~ose fo r the s1eet corn isotope t r ial (Fi g ure 11). Abs orp tion of 

32P vras acain most l y c onfined to within a s i x i n c h radi us of e a ch 

p l ant , althou[;h in one r eplicate of 12/6 , root s sp re ad out 12" fro m 

t he plant . 

Radish roo t s appeared lo grow more r api d l y , ( Fi g ure s 13 & 14) , 

and t ake up 32 P sooner than swee t co rn r oo ts . 
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·. 32 
\-P decay curve 

Radish mean weekly rad1oac t1v1ty readings and 32P absorption curves. 
~otope placement ~: top figure 1ndiccites distance of isotope from plant and lower 

Y f 1gure the depth of placement. 
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CHAPTER IV 

DISCUSSION 

There has been no previous work reported in New Zealand on 

pot and field experimental work with anhydrous ar.unonia . 'l'he 

experiments described here, in which yield comparisons we r e mad e 

between plants receiving anhydrous ammonia and those r eceiving 

other nitrogen fertilisers, gave results generally consistent with 

those reported from overseas . Anhydrous ar.lI!lonia appears to be a t 

least as efficient a nitroGen fertiliser as other material s a t 

present co mmonly available. Its injection in the field with a 

commercially desig ned applicator is convenient and safe as long as 

normal precautions are taken . 

In several field trials the yield response from nitrogen 

fertilisers uas not markedly greater than that from untreated 

controls . The difference was ~reater in pot trials, probably 

because the potting soil had low ' native' N levels due t o three -

fold dilution with sand . The response with radish , spinach and 

lettuce to anhydrous am:1onia in field and pot trials indicates 

that this is an efficient nitrogen source under Ilew :6ealand 

74 
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conditions. Smith (1966) states that the effect of anhydrous ammonia 

application can be quite va riable in most crops. He also points out 

that the effectiveness of its performance is influenced by soil 

moisture, tilth, texture, clay content, pH and application depth. 

Hence consistent similarities in crop response to anhydrous ammonia, 

ammonium sulphate and urea canno t be expected even when similar N 

levels are applied. 

The g rowt h of spinach tops was significantly greater (P = 0.01) 

for anhydrous ammonia than for sulphate of ammonia, but with cos 

lettuc e this position was reversed. Radish , which was the main test 

crop, appeared to respond equally to all the nitrogen fertilisers 

used. Response curves for growth of radish tops were obtained in 

three experiments. In each case, whether test ed in the field or in 

pots, anhydrous ammonia and sulphate of ammonia provided similar 

response curves. In addition yield response obtained with the 

co mmercial applicator clo se ly resembled that obtained with the small 

precision injector. 

Russel (1961) states that the effect of nitrogen fertiliser 

on the nitrogen content of the crop depends both on the response of 

the crop to the added nitroGen, and on the time of application 

relative to the development of the plant. Yield response to nitrogen 

however i s not always related to higher nitrogen content of the crop, 

and in fact this will oft en decrease (Russel, 1 961). This is becaus~ 

in a young plant the extra nitrogen is used in new growth which has a 

similar or even lower nitrogen content than older parts of the plant. 

However some dilution of the plant's nitrogen supply will occur by 
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re-use of nitrogen extract ed from old leaves and tran s ported to 

youn~ leaves. As the added fertiliser level is increas ed a stag e 

of luxury nitrogen up take i s re a ched which exceeds the production 

of dry matter and high nitrog en le vels will build up within the 

plant . Stanford (1966) states that the r esults obtained by various 

workers who have studied the relationship between dry ma tter 

production and nitrogen uptake, emphasise that supplying t he crop 

with nitrogen at a rate sufficiently high to sustain maximum growt h 

during critical periods of demand is the essence of suc c essful 

fertil isation practice . He also points out the inability of the 

present conce pt of nitrogen uptake to relate nitro Ge n availability 

indices as determined in the laboratory to the crop ' s u ptake of 

nitro gen fron field soils. However he n o tes that exper i men ts 

concerning the amounts of nit r ogen in crop p l ants provide mo re 

co mplete information . 

Results from the first po t trial? substanti a t e Russel ' s 

(1 961) statements . The nitrogen percentace in radish tops did not 

ri se with the addition of anhydrous ammon i a , sulphate of ammonia or 

dried blood . Howe ver the nitrocen percentage was significantl y 

higher for urea than for other f e rtilisers and the total nit ro ge n 

con tent of plants r ece ivin g the hich rate of urea was significantl y 

higher than for other fe rtilisers (Figure 2) . This was because 

toxicity probably supprecsed growth mo re than nitrogen uptake. Low 

plant numbers would also have influenced the high leve ls o f total 

nitrogen per plant with urea . Similar findin gs were obtained by 

Benecke (1968) on the nitrogen content of radishes whi ch were gro\~l 
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in solution cultures containin g different levels of nitrogen . He 

found that the nitrogen percentages of plants grown in solutions 

with high and medium levels of nitrogen were significant l y higher 

than the nitrogen percentages of tops fro~ untreated controls . He 

also observed that plants grown in the highest nitrogen level had 

the greatest total nit rogen c on tent although the nitro~en percentage 

was sliGht l y less than that for plants grown unde r the medium 

nitro gen re gime . 

Clark et al (1960) drew attention to dissimilarities in 

different re gions within the ro rth American continent on the efficacy 

of autumn injection of anhydrous ammonia . Obviously nitrification of 

ammonia occurs in mild winters with subsequent loss by leaching 

depending on winter rainfall. Only one experiment was laid down to 

test this . The results show that autumn anhydrous ammonia application 

can be successful in Canterbury . r./inter soil tempe ratures were low 

during the trial period (1i6ure 9) , par ticularly the June and July 

temperatures which were below the ten year means . The total rainfall 

from April to October (1969) was 10 . 65 inches which is quite l ow 

since it is usually about 13 inches for this period at Lincoln (Anon , 

1969) . However the 1969 rainfall for these months appeared to be 

sufficient to reduce the levels of soil nitrogen present as nitrates 

and as a result the yields from ammonium sulphate applied in early 

autumn and anhydrous ammonia applied in April were reduced . Soil 

temperatures at Lincoln were still quite high in early May (during 

the trial ueriod) and this would have allowed the conversion of 
~ , 

applied nitrogen into nitrates . In this form t he nitrogen would be 

liable to loss by leaching during the winter and possibly by 
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denitrification when soil temperatures we r e warme r and oxygen was 

lacking . Leaching would account for most of the nitrogen loss during 

the trial period since there was little waterlogging which could 

cause lack of oxygen in the soil. During May the soil temperature 

fell rapidly and hence denitrification would also be reduced . 

Consequently anhydrous ammonia applied in late autumn was not 

nitrified nor liable to loss and the resulting yield response was 

comparable to that from spring applied fertilisers . Autumn anhydr ous 

ammonia application thus appears feasible under this type of winter 

in Canterbury . 

Radish root yields generally had a much higher coefficient 

of variation than the corresponding yields of tops . Yields o f tops 

were not only more uniform but also responded better to nitrogen 

fertilis e rs and therefore they are a suitable parameter for comparing 

nitros en sources. In contrast the F test for root yields was only 

significant in 4 trials and it was noticeable that root yields varied 

both quantitatively and qualitatively between trials . For instance 

there was little or no significant difference between root yields i n 

some trials while in others highly significant differences occurred . 

Stanford (1966) points out that supplying the nitrogen needs o f c rops 

in amounts sufficient to achieve optimum quantity and quality of 

product is an elusive goal . Although root growth may not diffe r 

significantly with increased nitroeen , the ratio of tops t o ro ots 

will often increase as yields of tops increase (Figure 8) . 

Plant roots are particularly sensitive to ammonia, and damage 

symptoms were observed in pot and field trials with radishes . 
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Ammonia toxicity through anhydrous ammonia, ammonium contai ning 

fertili sers and urea has fr equen tly been recorded both fo r 

germinating seeds and whole plants (Parr and Papendick , 1966 , a ; 

Court, 1964, a ,b; Cooke, 1962) . This was par ticula rly obvious in 

both pot trials reported here but l ess obvious in fi e ld triaJ.s or 

where ammonia had been allowed a two week i ncubat ion period in pots 

in the e lasshouse . Court et al (1 964 , a and b) a nd Parr and 

Papendick (1966, a and b) , in similar po t experiments to those 

re corded here , observed i dent ic a l plant symptoms to those found 

after anhydrous al11r:.lonia appli c ations . 

The factors that produce ammonia toxicity are those that allow 

free distribution of ammonia gas through soil , (i . e . vola tilisation) , 

and they are highl ighted by comparisons between the pot and field 

trials . All of these factors causing toxicity will interact together 

but in looking for an explanation for the mu c h g r eate r toxicity i n 

g l asshouse pots, several are noticeaoly.more important t han others. 

It has been a genera l findin g t hat appli c a tion rate is 

important where damaee occurs fro m an~yd rous ammonia , ( Par r and 

Papendick , 1966 , a; Chao a nd Kro ontje , 1 964) , from urea, ( Court, 

1964 , a; Volk, 1959) and from ot her nitroGen fertilisers . Chao and 

Kroontje (1964) obtained a linear r elationship between ammonia 

volatilisation and rate. Cooke (1962) found that damage to maize 

seedlings grown in pots treated with ur ea and a nhydrous ammonia was 

much more marked at the high rate (equivalent to 700 l b N per acre) 

than at the low rate ( equiva l ent to 70 lb N per acre) . ~ith a hi~h 

fertiliser rat e ammonia will be liberated over a g reater soil area 
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and consequently there will be more likelihood of damage t han at 

other rates. The factorial analysis of the se c ond pot t r ial 

illustrated that rate had a highly si3nificant effect on germination 

(P = 0 . 01). Levels of sulphate of ammonia were also highl y 

significant as 1-1as .shown in the fertiliser rate interaction (Table 9) . 

Figure 10 for the second pot trial illustrates how germinat i on was 

greatly reduced at high application rates, and with additional 

anhydrous am~onia treatment s (2 . 54 and 3 . 40g N per pot) germination 

was severely retarded or completely inhibited (Plate 8) . however i n 

the field trial , rate was only significant (P = 0 . 05) within the 

fertiliser rate interact ion (Table 15) , althou5h it was noticeable 

that the two treatments with lowest germination had the highest 

fertiliser levels. It can be concluded from this that conditions 

under which toxicity occurs in the field were at a low level while in 

the pot trials conditions promoted ammonia toxicity . 

Another significant factor which explains the dispa r ity between 

damage in the field compa red to damage in pot trials is c ation 

exchange capacities (C.~ . C . ) of soils . Chao and Kroontje (1964) 

stated that high ammonia los ses from coarsely textured soils with low 

C . i . C . ' s indicate that soil texture is a key factor in ammonia 

volatilisation . Gasser (1964) found that a~monia losses were greatest 

when the C.~.C . was low and that addition of organic matter reduced 

losses froCT sandy soils . He also pointed out that although ammonia 

solubility decreases with tempe rature, the effect of high temperatures 

depends on soil type. In sandy soils , high temperatures speed nitrifi -

cation and a~monia losses are consequently low while in clay loams hieh 
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temperatures increase free ammonia concentra tions . Ammonia release 

from urea is highly temperature dependent since urea breakdown is 

almost entirely carried out by mi croorganisms like Bacillus pasteurii 

which have optimum temperatures for t he ir growth . The germination 

field trial was conducted on a clay silt loam while the pot tria ls 

had a li8h t sandy soil with a C. L .C. of about one third of the 

former. It is quite probable tha t the lower C.i . C . was a major 

factor in allowin g greate r ammonia distribution and consequently 

highe r dama Ge t han in the field . 

Incor poration of fertili sers is an effective means of reducing 

or co mpletely eliminating ammonia volatilisation losses . Los ses from 

urea placed at 1~ inches depth can be as g reat as losses from surface 

applied urea, and it is therefore most impo rtant that the application 

depth is adequate ( Erns t and Massey , 1960) . However a mmonia 

volatili sation losses from urea are often less than expected because 

urea is easily washed down into the soil ( Kresge and 0a tchell , 1 960). 

In some co nditions this may be outweighed by the ease with which 

ammonia c an diffuse upwards, particularly in coarsely textured soils . 

Woldendorp (1 963) concluded that mixing of the fertiliser to five 

inches depth in the soil is nece ssa ry to prevent volatilisation 

entirely, and it is also important that the fertiliser is placed in 

contact with the soil so tha t it can diffuse into the soil rather 

than mere l y re s t on p l an t debris (Cooke, 1962) . Greater depth of 

incorporation would allow a g re at er safety margin. liowever this 

factor did not appear to have a si~nificant effect in the field 

trial where dama~e was low anyway . 
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Other conditions influencing toxicity are drying of the soil 

surface, temperature and soil acidity . While Martin and Chapman 

(1951) did not attach much importance to soil moisture levels , othe r 

investigators like Kresge and Satchell (1960), and Volk (1959) found 

that they can have a strong influence. McDowell and Jmith (1958) 

found that los s from anhydrous ammonia was much less from moist 

rather than from dry soils . Olson and ureir (1956) , from thei r 

investiga tions in the field and co nstan t temperature laboratory , 

found that most serious germination damage occurs at low moisture 

levels. However they also nbted that full ~ermination is not assured 

at any soil moisture level without a surface increment to leach 

fertiliser away from the seed . Furthermore they also concluded t~at 

the soil microorganisms are in part responsible for fertilise r injury 

occasioned by their greater tolerance of low moisture supply and bigh 

salt concentration. Allison (1955) concluded that volatilisation 

from wet soils is likelv to be small excent when alkaline soil s 
v • " 

containin g much ammonia are dried . 

The soil where the ge rmination trial was carried out was acid 

(pH 5.7 - 5 . 9) , temperatures were genera lly lower than in the g l ass -

house, and in addition, with the re gular irriga tion and heavy s oil type , 

the soil was less prone to drying on the surface than in the p o t trials . 

These conditions do not promote ammonia volatilisation and hen c e little 

dama ge from ammonia toxicity occurred in the field . However in the 

case of the pot trials these conditions were mostly re versed , 

temperatures were higher, and the lightly textured soil unde r hi 5 h 

evaporation conditions was often subject to rapid drying . Thi s would 
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a ccount for the g r ea ter ammonia toxicity effects found in the po t 

trials rat he r than in the field . 

It was noticeable that reduction in ~ermination with the u 

field trials was increas ingly severe with shallow anhydrous ammonia 

injection, irrespe ctive of the incubation period . Phytotoxicity was 

particularly noticeable in the two isotope trials in treatments where 

anhydrous ammonia was applied at three inches depth and directly 

under the seeds . 

Following soil injection of anhydrous ammonia, high 

concentrations of ammonia (I~H3 ) and ammon ium ions ( NH4+) are retained 

in a localised zone the size of which is dependent on the soil 

texture, bulk density, organi c matter and moisture (Hopkins et al , 

1965; Parr and Engibous 1965 , 1967). Cook (1 962) found that when 

anhydrous ammonia was applied to pots of soil, seedling damage was 

much more severe at the centre of the pot and he concluded that there 

was little move men t of ammonia through soil under these circumstances . 

Similar observations were made by Parr and Engibous (1 965 ) and Parr 

and apendick (1966 , a and c) who found that r oot damage occurred 

only where high concentrations of ammonia occurred in the initial 

retention zone . This was observed in the field trials and is shown 

in Plates 12 and 13. Parr and Papendi ck (1966, a) foun d that 

distribution patterns of anhydrous ammonia correlated well with 

organic matte r solubilisation . This phenomenon , which is indicated 

by dark patches in the soil, was most obvious in the germinat ion 

field trial (~late 11). It was noticeable that it was only in these 

localised regions of high ammonia concentration that seedlin~s failed 
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to emerge. This is illustrated in Plates 11 and 12 from the 

germination field trial. 

A further factor influencing the retention of anhydrous 
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ammonia is the incubation period or time between fertiliser 

application and sowing . Parr and Papendick (1966, a) , using pot 

trials, found that 750mg of anhydrous ammonia applied per pot 

immediately prior to sowing , significantly (P = 0 . 05) reduced yields 

due to ammonia toxicity and root damage during the early period of 

growth . Howe ver they found that toxic effects due to high 

application rates were overcome with a two week incubation period . 

This was observed in the two radish pot trials here . In the first 

trial severe damage occurred at rates of 0 . 306 and 0 . 610g N (per pot) 

and there was no incuba tion period . However in the se cond trial the 

position was partially reversed by a six week incubation period under 

conditions which probably allowed rapid nitrification and breakdown . 

As a result rates as high as 0 . 892g N (per pot) of sulphate of ammonia 

and 1 . 271g N (per pot) of anhydrous ammonia did not cause si gnificant 

reduction in ge r mina tion. However in the field ge rmination trial the 

lack of an incubation period appeared to have little influence on 

germination . 

Lack of ee r mina tion, root distortion and damage were caused by 

the liberation and persistence of free ammonia in the soil . uamage 

was most severe in pot trials where conditions promoted vola tilisation . 

However damace promoting factors can large ly be overcome, particularly 

in the field, by the incorpo ration or injection of fertilisers to an 

adequate depth and at a safe distance from the seed. This is most 



important in the case of anhydrous ammonia where ammonia is r etained 

in a highly concentrated , localised region in the soil . 

The two experiments designed to examine root dist ribution and 

anhydrous aMMonia placement and uptake were based on the tracer 

techniques, using 32P isotope, devised by Hall et al (1 956 ). In the 

first experiment the development and root distribution of sweet corn 

was similar to that found by Hall et al (1 956) for this crop . 

However it was noticeable that lateral root extension in this 

experiment was not rapid and this may have been due to fairly low 

moisture levels over the period of the experiment . An i mportant 

factor in comparing results with those of Hall et al (1956) was that 

my experiment was carried out on a heavy , rather poorly structured 

clay silt loam, whereas in the experiments of Hall et a l (1956), 

plants were g rown in a much lighter sandieT soil . This may account 

for the failure of plants , with or without added ammonia , to pick up 

significant amounts of 32 placed 12 in?hes from them . It was also 

noticeable that the region of maximum 32P abso rption was within a 

mere six inch radius of each sweet corn plant . Radish root 

development also did not appear extensive and 32P uptake was mostly 

confine d to six inches away from, and three inches below ea c h plant . 

There was a delay before sweet corn plants began absorption 

of isotope, but soon after32 P uptake had begun there was a period of 

extremely rapid uptake (Figure 11) . The initial delay period was 

probably due to the time taken for roots to grow to the isotope 

32 source, begin uptake, and then transport the P through the p lant 

system to the region of detection in the ]eaves . The initial delay 

. . 



,. 

86 

period was r.lUch less sign ificant with radishes (Figure 13) . The 

characteristic 32 P absorption curves (Figures 11 , 13) illustrate how 

32 . 32 P upta ke rose ra pidly to a p eak and then abruptly stopped . A P 

decay curve is s hown in e a c h dia8 ram and illustrates that absorption 

after the peak level corres ponds closely with the decay curve and 

that very li t tle isotop e could have been taken up . When isotope was 

placed 6 inc hes away fron p lan ts a bsorption generally ceased v.ri thin 

4 to 6 weeks of sowing in both the sweet corn and radish isotope 

trials . This a ppears to be a general growth phenomenon and a g r ees 

with the principles stated by g ilthorpe and Moorby ( 1 969), Grecory 

(1 953) and ~a n-rood a nd :/illiams (1967) . 

liilt horp e and J.:oorby (1 96 9) state that in almost all field 

situations root e xtension does not keep pace with the increasing 

demand for nutrients by youn g shoots . The work of Gregory (1953) 

provides evidence of t his . He states that over 90% of the nitrogen 

and phosphorus taken up by the developing cereal plant is a c cumulated 

when the dr y wei ~ht is only 25% of the final value . This store of 

accumulated nutrients is the reserve on which all later growth and 

development de p ends and its level determines the final yield . 

Garwoo d and .iilliams (1 967) pre sent a similar case for g r ass swards . 

Here nutrients are concentrated in the top few inches alon8 with 

added fertilisers . As soil dries the surface desiccates and this 

dryin g layer moves down the profile , absorbin g roots moving down with 

it. Thus plant roots have to travel further and further in the soil 

in search of wa Ler, and the absorbin g zone on the root quickly r.'.loves 

on as water becomes locally depleted . This concept would account for 
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32 
the patterns of P uptake characteristic of all plants in the 

isotope trials . The spread of roots and the way they draw on 

increasing volumes of soil for their water supply is illustrated by 

Figures 12 and 14 . 

In the two isotope trials the basic assumption was made that 
32

P absorption is a measure of root activity and therefore relates 

to ammonia absorption . Isotope capsules were sited in the middle of 

the ammonia retention zone . Parr and En gibous (1967) state that 

within this re ;ion there are high concentrations (up to 2500 ppm) of 

ammonia which are highly toxic to soil organisms, and as a result the 

soil in the centre can remain sterilised for several weeks . They 

also point out that nitrification usually begins around the periphery 

of the retention zone where the ammonia concentration and pll is low 

enou~h to avoid inhibition of nitrifying microorganisms . This area 

of ammonia is subsequently made smaller aH nitrification pro ceeds 

to~1ards the centre. The isotope capsules which were less than half 

an inch long were therefore surrounded by a region of soil 

temporarily toxic to roots as well . The possible size of the ammonia 

retention zone resulting from anhydrous ammonia inj e ction in the 

trials is shown in Figure 15 . It also shows the possible relationship 

between root growth and ammonia concentrations. 

The inhibitory effect on 32 P uptake c aused by ammonia injection ' 

was clearly demonstrated in the sweet corn trial . The 32P uptake of 

plants supplied with isotope but not ammonia occurred earlier and to 

a much t_jreater extent than uptake where a1Jr.ionia was inj ected with the 

isotope. lloi;ever it doeG not follow that ammonia uptake vras also 
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inhibited. Although not shown in the trial r esults it is probable 

that ammonia absorption occurred almost as rapidly and as early as 
32

P uptake . Plants would begin by taking up ammonium ions from the 

frin ge of the ammonia zone, and a s nitrification of the ammonia 

proceeded nitrates would be increasingly absorbed . In the radish 

trial 
32

P uptake occurred when the plants were youn5er than in the 

sweet corn trial . It c an only be assumed that the radish roots 

were more tolerant of high ammonia concentrations than the sweet 

corn roo ts . Also nitrification may have proceeded more rapidly in 

the radish trial, allowing the roots to penetrate the retention zone 

and reach the isotope at an earlier stage . 

Dry weight yields of tops in both isotope trials did not 

indicate a nitrogen response to ammonia although the three highes t 

sweet corn yields were from ammonia treated plants. The lack of a 

significant nitrogen response was probably because plants were widely 

and individually spaced, and consequentiy any interplant geneti c 

variation would have a large effect on the standard deviation for the 

experirren t . The wide spacing would mean that the plants could d r aw 

on a large area of soil with little competi tion for nut r ients . A 

nitro gen response in the sweet corn trial could ha ve confirmed tha t 

ammonia uptake did oc cur. However the fact that roots grew through 

the ammonia retention zone indicates that some ammonia absorption 

occurred . 

The i sotope trials bring out the importance of fertiliser 

placement. It appears that anhydrous ammonia should be placed close 

to plants and that injection should be carried out to ensure maximum 

uptake and in addition to minimise loss and phytotoxicity . 
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SUMMARY 

1. A small precision anhydrous ammonia applicator was assemble d 

and calibrated to de liver accurate quantities of anhydrous ammonia 

for small scale pot and field trials . A commercial type applicator 

was a lso used for large scale field work. 

2 . Field and glasshouse pot trials on two soil types , using costly 

radish but a lso cos let tuce and spinach , were used to evaluate crop 

response to anhydrous ammonia . Anhydrous ammonia compared favoura bly 

wit h other nitro3en fertilisers and was shown to be an efficient 

source of nitro~e n under New lealand conditions . 

3 . i1.utumn soil injection of an!i.ydrous ammonia for spring sown 

crops proved to be satisfactory in Cante r bury . ~inter nitrogen loss 

was minimised when application was made at low soil temperatures . 

4 . Ammonia volati lisation from anhydrous ammonia and other nitrogen 

fertilisers re duced germination and caused root distortion . This was 

particularly noticeab le in pot trials in which sandy soil , subject to 

high temperatures and d ryin g conditions, was used . Ammonia toxicity 

was found to :increase when anhydrous ammonia was applied jus t p rior to 

sowing , when application was made at a shallow depth , and when high 

application rates were used . 
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5 . Field studies using 32P isotope were carried out using radish 

and sweet corn to examine ammonia upt ake and placement in conjunction 

with root distribution . Roots were shown to have a characteristic 

pattern of nutrient uptake which was greatly enhanced by close 

placement. Rapid nitrification, clo se placement, and individual 

crop tolerance to high ammonia c on c en trations appeared to be the main 

requirements for the early and rapid uptake of anhydrous ammonia . 

6. In conclusion , anhydrous ammonia appears to be an efficient 

nitrogenous fertiliser for ve getable g rowing in New Zealand . 

Placement , time and rate of application , and the indivi dual 

requirements of the crop should be cons idered in order to obtain 

optimum crop res ponse and to minimise the dangers of toxicity . 
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ANHYDROUS AHNONIA EQUIPMENT 

1. SMALL PRECISIOlI APPLICATOR 

The purpose of this apparatus was to de liver small, accurate 

quantities of anhydrous ammonia into soil. It is a simplified 

model of the liquid fertiliser injector developed by Papendick and 

larr (1965) . J,.s shown in Pl ate 14 it co nsis ts of a 50 pound 

(lb 'H
3

) cylinder (~) mounted on a small hand trolley ( F ) . The 

anhydrous ar:imonia was analysed by the gas works as being between 

99. 994~b and 99 . 998% pure in all cylinders used . 

The e;au;:;e (D) was designed for re i;istering a mm onia pressure 

(in P.S.I.) and was calibrated in degrees Fahrenhei t since the 

pressure is proportional to tempe"a ture .at constant volume . Tubin6 

(C) was 10 ga uge stainless steel with 0 . 128 outside diameter . This 

is only available in three foot lengths. 

Valves (B1 and B2 ) wer e stainless steel and desicncd to lock 

onto 1/8th inch tubin g . Two types of high p re ssure valve were 

used: 

(1) Hoke t hrottlins valves type 3 152G2Y of 316 stainless steel and 

with 1/8th of an inch gyroloc k connectors at both inlet and outlet. 

£hese were obtained from America. 

(2) Hone straight through typ e 4300/2MS stainless steel valve s with 

metering stem points which were obtaine from En~land . A suitable 
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stainless steel connector is not avai lable with these valves . A 

brass connector was made up and a PTFE 'o' ring used to avoid 

contac t with the ammonia . 
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(Note the second type of valve (Hone) was ordered because 

t he throttling stem points on the hoke valves were wearing out with 

c on tinual use. One hoke valve was discarded because of wea r on the 

stem point and the valve seat.) 

Operation of Appa ratus 

The first procedure is to close valves B
1 

and B
2

. The ammonia 

cylinder valve (G) is opened and l eft open. Since the tubing valves 

are closed the system remains under pressure and the ammonia c an be 

metered as a liquid . 

Valve B1 i s first opened. Valve B2 is then opened momentarily 

to exhaust any air or other gases that might hav e been trapped i n the 

system . This 11 bleeding 11 operation is always conducted just prior to 

dis pensing of a sample . After closing valve B1 , valve B2 is t hen 

closed and a sample of ammonia is trapped in the interchangeabl e 

section (C). This section is the mete rin g co mponent of the apparatus . 

Before release of the sample it i s first necessary to make a 

hole in the soil with a 3/16th inch diameter rod. fhis was done to a 

depth of six inches in field trials and five inches in po ts. The 

tubin g end is then inserted in the hole with the 1 hole stopper 

press e d firmly against the soil to pre vent lo s s. 

The sample is dispensed by openin5 valve B2 . The injection 

tube is then re moved and the hole sealed by press ing the soil firmly 

into the void. 
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Calibration 

The object was to calculate the quantities of ammonia 

dispensed from the interchangeable lengths of tubing . Calibrat i on 

also allows a statistical analysis involving the precision of 

deliveries. 

Aliquots of ammonia were dispensed into closed 150 ml conical 

flasks containing hydrochloric acid. The excess acid was titrated 

wit h sodium hydroxide usin g a methylene blue - methyl red mixed 

indicator to pll 6.2 . It was found that if the concentration o f the 

150 ml of hydrochloric acid was not sufficiently high the ammonia 

built up and did not dissolve . This usually resulted in the stopper 

blowing out. 

The inj e ction tube was inserted through a 1-hole rubbe r 

stopper fitted in the flask mouth . The tip of the tube was 

positioned above t he surface of the acid . This was in accordance 

with the procedure for anhydrous acmonia (Papendick and Parr , 1965) 

but contrary to the method recommended by Papendick and Parr (1966) 

for liquid nitrogen f e rtiliser . Eme rsion of t he tube caused ' suck 

back' due to the rapid r ea ction of strong acid with strong alkali . 

Complete reaction was ensured by periodic swirling of the acid 

s olu tion before titration. 

Five ml aliquots were taken from the receiving flask which 

then contained a solution of a1nmonium chloride plus the excess 

hydrochloric acid. A 5 ml burette containing sodium chloride was 

used for titrations . The rcsultin IT titres and calculated deliveries 

of ammonia are summarised a nd listed in Table 29 . 
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As was shown by Figure 1 and Table 1 the results show that 

this is a satisfactory method of mete rin g ammonia and, because of 

the high precision, delivery within a few millig rams of ammonia c an 

be expected. 

1 . 

TABLE 29 

Titration detai l s and results from calibration of tube 
lengths used in the small precision applicator 

Titre to 
Neutralise Mean 

5 ml Titre 
Aliquot ml NaOH 
ml llaOH 

3 1/8 11 Tube Length 

Acid - 0. 1912Ii H ~o 
2° 4 

Alkali - 0 . 100N t~aOH 1. 2 . 590 

2 . 585 2 . 59 

2 . 2.370 

Mean Delivery = 373 .2mg rH
3 

2 . 385 2 . 38 

3. 2 . 295 

or 0 .306g N 2 . 3 uo 2 . 30 

4 . 2 .1 70 

2 .1 80 2 .1 8 

5 . 2 .1 20 

2 .140 2. 13 

6 . 2 .1 90 

2 .1 85 2 .1 9 

7. 2 . 095 

2 .1 05 2 .10 

8 . 2 .1 15 

2 .120 2 .1 2 

9 . 2 . 560 

2 . 560 2 . 56 

10. 2.270 

2.290 2.28 

Ammonia 
mg 

357.3 

368 . 2 

372 . 3 

278.4 

381 .1 

377.9 

382.5 

381.5 

359.1 

373.3 
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Table 22 (Cont'd) 

Titre to 
Neutralise Mean Ammonia 5 ml Titre 

Aliquot ml NaOH mg 
ml HaOH 

2. 6 )~" Tube Len gth 

Acid - 0.360N HC l 

Alkali - 0.3950N Na OH 1. 0. 855 
0. 850 0.85 74-6 .1 

2. 0 . 895 
Mean Delivery = 743.Smg NH3 0.875 0.89 740.0 

3. 0. 875 
or = 0.610g N 0.890 o.88 74o.O 

4. 0. 820 
0.800 0.81 754.8 

5. o. 845 
o.845 0.85 747.7 

,,. 0. 875 0. 

0.850 o.86 744.1 
7. 0.860 

0.890 0.89 741.8 
8. 0.950 

0.945 0.95 727.0 
9. 0.820 

o.84o 0.83 750.7 
10. 0.855 

o.845 0.85 746.6 

3. 12~" Tube Length 

Acid - 1. 636N HCl 
Al kali 0.3950H Na OH 1. 15.48 

15.43 15.46 1057.5 
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Table 29 (Cont'd) 

Titre to 
Neutralise Mean Ammonia 5 ml Titre 

Aliquot ml NaOH mg 
ml HaOH 

2 . 15.32 
Mean De livery = 1087 . 3m5 rrn3 15.37 15.35 1077.6 

3. 15.38 
or = 0.892g N 15.40 15.39 1069.5 

4. 15 .15 
15 .1 9 15.17 1115.9 

5. 15 .1 6 
15 .18 15 .17 1115.9 

4. 18 3/4 11 Tube Length 

Acid - 2.481N HCl 
Alkali - 0 . 3950H Ha OH 1 . 23 .77 

23. 80 23.79 1534.1 
2 . 23 .45 

l-iean Delivery = 1549.9 mer 
0 NH

3 23 .49 23.47 1567 .3 
3. 23.85 

or = 1.271 g N 23.88 23.87 1488 .3 
4. 23 .40 

23.44 23.42 1577.0 
5. 23 .40 

23 .38 23.39 1583.0 

5. ~5 11 Tube Leneth 

Acid - 2 . 481N HCl 
Alkali - o.3 950H NaOH 1. 21. 11 

21.07 21. 09 2078.3 

Mean Delivery = 2074 , 5rng HH 3 2 . 21.40 
or = 1.701 g N 21 . 38 21.39 2019.6 
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Table 29 (Cont'd) 

Titre to 
Neutralise Mean Ammonia 5 ml Titre 

Aliquot ml l'aOH mg 

ml HaOH 

3. 20.94 

20.92 20.93 2111.4 

4. 21 .0 8 

21 .07 21.08 2080 .1 

5. 21 . 05 

21 . 07 2 1.06 2083.4 
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Field applicator showin g inj e ctor knives 
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2. FIELD APPLICATOR 

Descriution 

The field or large scale applicator was assembled in New 

Zealand on the basis of commercial rigs used in Australia. A general 

view of the applicator is shown in Plate 15 . It consists of the 

basic tool bar of the P. & D. Duncan 630 cultivator with adjustable 

tine and wheel widths. Application depth can be altered by changing 

the height of the tool bar. The tank was manufactured in ~,;ew Zealand 

from~" mild steel plate . It has a capacity of 55 U . .S. gallons and 

was tested by the J;ew Zealand Harine Department to 500 p . s . i. It is 

painted white which is standard procedure for reducine; temperature 

and therefore tank pressure. 

Hoses are Gates 74B anhydrous ammonia applicator hose imported 

from Australia and designed for use with anhydrous ammonia in 

accordance with Australian specifications . 

Tines are basic cultivator tines but with welded chisel- faced 

applicator knives. The latter were imported from Australian 

manufacturers (McKay). An applicator tube was welded on each knife . 

The tube consists of a s mall pipe t hrough which the liquid/gas 

mixture of ammonia pas ses . Plate 16 shows the tank and valves . The 

metering device (7) Oletermatic Continental) controls the flow of 

a mmonia from the tank to the hoses and thence to the applicator 

knives . It consists of a variable orifice re gulator, shut-off valve 

(5), dial s etting (4) and distributor manifold (6) . The dial setting 

required for a give n r a t e is bas ed on pounds of nitrogen per acre, 

"swath width" and a pplica tion spe ed. "Swath wid th 11 is derived by 
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Field applicator tank 
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multiplying the number of knives by their spacing . The require d rate 

and dial setting is found by reading off t he dial or consulting the 

tables (see Page 117). 

Filling Operation 

This was done using the bleeder methou . A hose (1) from tte 

fillin g cylinder (100 lbs NH3 ) was couple d to the ' Liquid-in ' val~e 

(2) on the applicato r as shown in Plate 6. Ammonia was allov1ed to 

flow into the applicator and continued to do so until pressures 

between the two tanks were equalised . By releasing ammonia fron the 

r elief valve bleeder valve (3) the tank was cooled and pressure 

lowered so that more ammonia would pass fro m the fillin g cylinder . 

The full a nd standard procedure for filling by the bleeder 

and other methods is described in severa l publications: 

Application 

Gillentine & Huey (1966), 
Adams et al (1965), 
Anon (1 965) , 
Beers (1966) , 
Anon ( 1966 ) . 

The applicator wheel width, depth and tine distances a r e first 

set , t he met~rin~ dial adjusted, and when the given tractor speed is 

re a ched, with the tines at correct soil depth , the hetermatic ' pul l-on' 

valve (7) is engaged and ammonia applied . This operation is 

relatively simple and particularly convenient where severa l rates are 

re qui r ed , as in trial work, since the dial setting a lone has to be 

altered to c hange the rate of application . Accurate metering of 

ammonia is described by ~apaioann ou (1 966) and details of the 

hetermatic ammonia meter follow: 



f'1 112 

H ! 1 
' 1 
L~ 

CO., ~ 1C. 
l jQ W,,,,, Yorktown • • Rivers ide 1-6021 



.. 

-- - ---- '252 0-'? 5 

01· 2 ' )( 

St.13U8 - 25---~~..c"';,s 

!!: 
~-: 01-93 ----~i.;;! 

01-21----{J 

113 



SETTING INSTRUCTIONS 

Sim plicity in setting the COl'1TINENTAL METER MATIC is one of the outstanding features and is b.:ised 
on the following known values: 

l. Desired amount to be applied in lbs. pE:r acre. 
2. Swath Width. (number of knives x spacing in inches) 
3. Tractor Speed. (J.\PH) 

TO SET METER MATIC FOR QUANTITIES SHOWN ON DIAL 

1. Locate equivalent number on inner circle of diol at intersection of desired rate and swath width. 
EXAMPLE: Desired Rote= 60:: N per acre. 

Swoth width= 200 " (5 knives 40" spac ing) 
Equivalimt No. = 47 

2. Multiply th is equivalent number by tractor speed. 
Equivalf'nt No. = 47 
Tractor .;peed= 4 MPH (47 x 4 = 188) 

3. Turn Dial until 188 on outer circle is o;:iposite setting mark. The unit is now set to accurctely 
deliver the desired amount and no further adjustment is necessa ry. 

TO SET FOR QUANTITY NOT SHOWN ON DIAL 
EXAMPLE: 50 :: N i:;er acre 

Swath Width 200" 
Tractor Speed 7 MPH 

It will be noted that 50 :: is not shown on the dial and it is necessary to use a multiple of this 
rote <:Jnd correct the eguivol,,nt number by the some p~rcent. 
EXPLANATIOt~: In the 200" swath column noto that for 100:: per aero the equivalent numbor is 

79. Sinco thi & ra in 1 ~ tw1co tho do~irod amoun t tho oquivolont number will hovo 
to be corrected by the some percentage, i.e, 79 .,. 2 = 3912. Multiply this cor-
rected equivalent number by the tractor speed. (3912 x 7 = 276}2) 

CARE & MAINTENANCE 

IMPORTANT 
Because the METER MATIC is o precision metering device i t should be protected from the elements as 
much as pQSs1ble whe n not 1n continuous use. If at all possible the meter should be removed from the 
oppl1cotor and stored 1ns1de our1ng off-season. 

The following recommendations ore made to further the conrinued accuracy and trouble-free service lrorn 
your METER MATIC. 

~ 

At the close of your appl1ca1ing season or if appl1cotor 1s to be out of service for a long period of t ime: 

l. D1 sconnect the METER MA TIC and clean out any sediment or '-:ire19n matter from the strc11ner 
screen, manifold, and hose connections. CAUTION: BE SURE TANK VALVE IS SECURtL Y 
CLOSED AND ALL 1\MMONIA HAS BEEN EVACU..O.TED FROM THE METER MATIC BEFORE 
DISCONNECTING. 

2. Apply o fe w drops of light lubricat1r.g oil on the meter barrel , both below the dial and thrl the 
screen opening. 

J. Rotate the dial several ti mes to allow the Gil to penet"ote to seals and barrel housing. 
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A. 

TROUBLE CHECK 

CAUSE FOR OUTPUT INACCURA CY 
1. Dial Setting - Rechec~ setting instructions. 
2. Liquid Withdrawal - Check tank content to be sure adequate supply o~liquid is available . 
3. Frosting - Frosting of lower body casting is normal, however, if frosting occurs on upper body, 

accurate metering may be affected . · 
(a) Frost formed on upper body including inlet union indicates a restriction in the tonk withdrawal 

valve or in hose connecting this valve with METER MATIC. NOTE: For best results the 
METER MATIC should be connected directly to the withdrawal valve, thereby eliminating the 
poss ibility of host'! restriction or resistance. 

(b) Frost formed on upp er body but excluding union nut indicates 
(1) Clogged stroir.er screon - Remove ond clean. 
(2) Ruptured dioprirom - See instruction "8" under heading DISASSE MB LY. 
(3) Restriction of meter-barrel by-poss canal. See instruction "8" - DISASSEMBLY. 

B. LEA KS 
1. If leak develops arounrl diaphragm it con usually be stopped by tightening cop screws (S-2520-100) . 

If this foils, replace d:aph ro gm . See instructi on - "B" DISASSEMB LY. 
2. Leaking thru di s cho rg'! hoses when Quick Shut-off is clo sed . 

NOTE: The Quick Sh1..t·off is designed to function as a safety release in the event the tonk vcilve 
is left open a'1d pressure allowed to build up in the METEF~ MATIC. Tonk valve should 
always be clo..;ed when unit not in use. 

(a) Foreign matter lod~ed or imbedded in seat (A -01-36). By opening and closing the Quick Shut-
off several times '.he re i s on excellent chance of flushing clear, however, if leaking still :ic· 
curs, check seat. See instruction "A" under heading DISASSEMBLY. 

(b) If, ofter the two at.ave operations , the leaking co:-1tinues, check stem odiustment. See instruc· 
tion "ADJ UST QU:CK SHU T-OFF". 

(c ) Leak thru and aro 1m d Com Housing Assembly (A--01-10). - Check and adjust stem pocking . 
See instrucrion "(" DISASSEMBLY. 

DISASS EMBLY 
There will be relatively few O<:casions when il' will be neceHary for the METER MATIC to be disossem• 
bled in the field, however, shaJld the occasion arise, the fol lowing procedure is sug ge sted: 

CAUTION: BE SURE THAT TANK VAL VE IS SECURELY CLOSED AND ALL AMMONIA HAS BE EN 
EVACUATED FRC1M METER MATI C BEFORE AITEMPTING DISASS EMB LY. 

A. REPLACE QUICK SHUT-OFF SEAT 
1. Remove plug (0 1-17) and spri ng (Ol -91 X) 
2. Remove sect ass embly (A-01- 36) and repl ace with new port. 

B. REPLACE DIAPHRAGM 
l. Perform the two above operations , however, do not replace seat with new part unless necessary . 
2. Remove six cap screws (S-2520 -100) and the lower costing can then be removed . 
3. Remove Quick Shut -off upper assembly by turning bonn!.'t(Ol-328) in a counter clockwise direction. 
4. Holding screw drive r in slot of stem (01 - 34), back -off throttle seat (01-35). 
5. Uppe r diaphragm plate (:l l-80) and diaphragm (01 -72) :.an then be slipped off. 
6. Rep I ace old di oph ro gm ·vi th new and proceed with re-assembly. 

CAU TION: Your attention is col led to the fact that it 1s possible to install the diaphragm u;:i·si..Je 
down. When new dicphrogm is replaced be sur e that the two $mall holes adjacent to 
the meter·b< rrel hol e ore pl aced over the b)'·poss canal loc (Jted in upper body. 
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c. ADJUST OR REPLACE QUICK SHUT-OFF STEM PACKING 
1. Loosen lock nut (Lovier 01-14) and remove cam assembly (A- 01-10) . Turn counter clockwise to 

remove. 
2. Remove Quick Shut-off seat. Instruction "A" above. 

3. To tighten packing _. Place screw driver on top of stem and depress unti l screw driver enc;cc:e s 
slot in pocking follower. Turning clockwise will tighten packing . CAUTION: Do not overtig:-.ten . 
Stem should be depre5sed with only finger pressure. 

4. To remove packing - Follow above procedure except that the packing fo l lower shou ld be turned 
in a counter clockwise direction ta remove. 

5. Replace packing if necessary and re-assemble . 
6. Adiust Stem - Instruction "8" ASSEM8L Y 

ASS EMBLY 

Before proceeding with asserrbly all parts should be thoroughly cleaned and free of grit , etc . All perts 
with the exception of the diapf1ragm should be lightly oiled befo re re -assembly . 

A. QUICK SHUT-OFF 
1. Insert lower stem (0 1-34) into bonnet (01 - 328) 
NOTE: Care should be exercised in this operation in order not to damage seal (01 - 71BF) 
2. Insert spring (01-90) c ver stem (01-34) and hand-tighten into casting body , being sure th at spri :-ig 

fits evenly into re ces s in casting. 
3. Assemble new diaphragm (Ol-72) between upper (Ol - 80) and lower (Ol-81) plates and hand-

tighten to stem (01 -34) by inserting throttling seat (01-35). See instruction "8" -6. REPLACE 
DIAPHRAGM. 

4. Bock-off upper assembly and holding stem (0 1-34) with screw driver in slot, tighten seat (01-35) 
using wrench. 

5. Re-insert bonnet ossembly and tighten into casting body . 
6. Assemble lower casti:-ig by reversing operation "8 -·2" in DISASSEM8L Y. Care should be e..:er-

cised so that diaphragm fits smoothly and is free of wrinkles. The six ca;i screws are then ti::iht-
ened equally ond for b~st results, several turns at a time going from one to another in rotation . 

7. Assemble the Quick Shut-off seat assembly (A-01-36) , sp~ i ng (O l -91X) , and plug (O l-17). 

B. ADJUST QUICK SHUT-OFF 
1. Loosen lock nut (lower 01-14) and raise o r lower cam housing spud (Ol-llB) until a ve ry slight 

free play is felt at the raising or lowering of handle (01-21X) . 
2. ~roceed by holding spud (01- llB) with wrench on the flat section and lock into posi t ion with 

lower lock nut (01 -14). 
3. Still holding spud securely with wrench, loosen upper lock nut (01-14) and turn housing assembly 

to de s ired position and lock down tight. 
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DIAL SETTING FOR 80" (INCH) SWATH 

IP4CIOR IP!IO 
(MPH) 

4 

LBS " N" (NITROGEN) PER ACRE 

40 60 80 ~ 10~_!3_0 140 160 180 200 
52 76 Q6 1 12 128 152 180 196 220 244 

4 ''> '~'?_ _ _ll~ JOB 126 144 m· _3~ 22 1 240 27~ 
5 I .l'.5 ~S 13.Q_ 140 1_60 199 115 2•1S 215 305 

7 2 I 05 I 54 20? 24U 170 303 .336 
6 II 78 - 270 294 JJO 366 

5' ' 

-- --6'' 85 293 319 358 397 

\--=:1 :.Jr fl ~3~ .16! 224 266 315 343 365 . 4~ 

DIAL SETIING FOR 144 11 
INCH) SWATH 

DIAL SETTING FOR 180" (INCH ) SWATH 

DIAL SETTING FOR 100d (INCH) SWATH DIAL SETTING FOR 120 " INCH) SWATH 

1RAC10• 1r110 I us. -N- {NITROGEN) PER ACRE IPAClOR '.l'l rn I LBS . " N" (N ITROGEN) PER ACRE 
(MPH) , (MPH ) 

4 r::~ -~:m1
9

4~~ :~; 1
1
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s" se 132 '176 195 21s ?SQ 101 3.1; n1 4}~ ~ s•, )05 1-54 209 2H 1 25a7314 36) 4:c .;iof s13 

6 l 96 14i192'2iJ234f 02- J30- Jl8 426 474r 6 114 l6a 228 255 282 3n 396 456 513 570 
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7 117 1 ~ 22~ . 249 173 329 385 44 1 497 553 7 1 JJ 196 266 298 329 399 462 532 599 665 
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/MPH) (MPH) , (MPH) 

4~-;;~~~~~~~?H;J~:~l~~~j ~~~ ~ ~r~HH~~~0 l:)I~~~~fl~~~0 i / 1
4

2~ I~ ~ts°; 1 ~~~ ~~~ ~~ ~~~ ~f ~ 
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5 140 215 20s 320 355 425 495 -570~~ ~j s -~o 21 5 iJOO •H-O 389_ 455 sJo 605 6oo 755 · ,5 
160 235 31 5 J55 395 475 555 6JO 110 790 

5'> 154 137 J 14 J5 .1 390 46~ 5~5 627 104 761 ~--.. " • •., '" 'm b,.. m '~'- "'- "' "'- '" : " "' "' ~ m "' ' m '" m '"' 869 
6 16a 258 3J1 138.i •26 510 594 684 7 6 8 852 . 6 180 210 

1
3>-0 14os 456 546 636 126 u16 906 
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TABLE 30 
Fresh and dry weights of pot g rown radishe s 

( Radish pot trial - 1, p . 22) 

Treatment Rep . Fresh ·.n ( g) Dr y Wt ( g ) 
Tops Ro ots Total Tops Ro ots Tota l 

1 . Control I 33 . 5 64. 8 98 . 3 5 . 9 10 .5 16 . Lf 
II Lf 3 • 9 30 .2 74 .1 7.4 4.4 11. 8 

III 37 .1 54.o 91 .1 4 . 8 8.4 13.2 
IV 35 . 9 40.2 76 .1 6 .o 5.9 11. 9 v 33 , 9 32 .1 66 .o 7. 8 4.6 12 . 4 
VI 44.1 34 .1 78 .2 6 .5 5.2 11 . 7 

VII 41 . 0 41.5 82 .5 5 . 8 5.5 11. 3 
TOTAL 269.4 296 . 9 566 .3 44.2 44.5 8S .7 
ME1U~ 38.5 42.4 80 . 9 6 .3 6 • L~ 12.7 

2. Sulphate of I 47.5 27 .1 74.6 7.9 4.5 12.4 
Ammonia II 85 .1 31 . 8 116.9 10 . 9 5.0 15.9 
o .306g III 73.1 20.9 94 . o 9.2 3.6 12. 8 
N/pot IV 85 .0 49.1 134.1 9.3 5.6 14.9 

v 82 . 9 37.1 120 .0 9. 9 5.6 15.5 
VI 83 .1 59 .7 1Lf2 . 8 9.4 9. 6 19 . 0 

VII 86 . 9 37 . 1 124 .o 12.2 5.9 18.1 
TOTA.L 543 . 6 262 . 8 806 . 4 63 . 8 39.8 103 . 6 
MEAH 77 .7 37.5 115.2 9 . 8 5.7 15.5 

3. Dried Blood I 50.0 54 .3 104 .3 6. 1 7.6 13 . 7 
o .306g II 56 . 9 53 .2 110 .1 7 .1 6 .3 13.4 

III 33 . 5 46 . 9 80.4 5 . 3 7.2 12. 5 
N/pot IV 61 . 8 54 . 5 116.3 8 . 2 10 . 0 1&. 2 

v 52 . 9 29 .0 81. 9 8 .1 4. 9 13.0 
VI 57 . 0 43 .1 100 .1 8 .7 5.2 13 . 9 

VII 53.1 50 . 8 103 . 9 7.7 7 .5 15 . 2 
TOTAL 365 . 2 331.8 697 . 0 51.2 48 .7 99 . 9 
MEAN 52 . 2 47.4 99 . 6 7 .3 7. 0 14.3 

4. Anhydrous I 67 . 2 45 .2 112.4 9 .4 9. 4 18 . 8 
Ammonia II 56 .2 37.8 94 .o 8 . 8 6 . 9 15.7 

o.306g III 76 . 0 37.9 113. 9 9. 9 5,9 15. 8 
IV 69 . 3 27.9 97 . 2 9.7 4 .5 14 .2 

N/pot v 72.2 58 . 4 130.6 10.3 6 .5 16. 8 
VI 63 . 9 34 . 3 98 .2 7 . 8 6 .7 14 . 5 

VII 38.0 55.7 93 . 7 7.3 10.5 17. 8 

TOTAL 4Lf2. 8 297.2 740 .0 63.2 50 .4 113. 6 
NEAN 63 . 3 42 . 5 105 . 7 9.0 7.2 16 .2 
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Table 20 (Cont ' d) 

Treatment Rep . Fresh ;i t (g) Dry "d t (g) 
Tops Roots To tal Tops .Roots Total 

5. Anhydrous I 52 . 5 35 . 9 83 .4 4.3 8 .1 12 . 4 
Amr:ionia II 63 .3 42 . 1 105.4 7 .7 4. 9 12. 6 
o . 612g III 66 .1 21. 8 87 . 9 7.2 3.5 10 . 9 
N/pot IV 77 , 9 33.3 111. 2 15.5 3 . 3 18 . 8 

v 55 .0 16 .0 71 .0 8 . 8 4 .1 12 . 9 
VI 76 . 1 51 . 2 127 .3 9. 3 10 . 9 20.2 

VII 69 .9 60 . 5 130.4 7.7 12.5 20 .2 
TOTAL L~60 . 8 260 . 8 721.6 60 .5 47 .3 107 .4 
l'~Eill'I 65 . 8 37 .3 103.1 8 .6 6 . 8 15.4 

6 . Urea I 43.5 32.0 75.5 7.5 5 .3 12 . 8 

o . 306g II 47 . 0 55 . 2 102 .2 9.1 13 .0 22 .1 
III 67 .1 43 .0 11 0 .1 9.6 5.2 14. 8 

N/ pot IV 80.9 44.9 125 . 8 11. 6 5.7 17.3 
v 74.0 y1 . 2 125 .2 10.3 8 . 5 18 . 8 

VI 51.9 75.0 126 . 9 6 . 9 12.5 19. 4 
VII 66 . 8 41.9 108 . 7 9 .2 6 .3 15.5 

TOTAL 431 . 2 343.2 771t. 4 64 .2 56 .5 120 .7 
IEAN 61.6 49.0 110. 6 9.2 8 .1 17 . 2 

7. Urea I 61.0 21.9 82 . 9 8 . 8 4.0 12. 8 

o . 612g II 75.1 16 . 9 92 .0 8 . 6 3 . 4 12.0 
III 84 . 1 20.2 104 .3 11. 9 3 . 4 15.3 

N/ pot IV 84 . 9 17. 9 102 . 8 11. 4 3 . 2 14 . 6 
v 33 . 9 23.1 57 .0 4. 6 3 . 8 8 .4 

VI 64.0 24 .0 88 .o 8.o 3.5 11.5 
VII 54.8 24.0 78 . 8 8 .7 3.8 12.5 

TOTAL 457.8 148 .0 605 . 8 62 .0 25 .1 87.1 
1"1EAN 65 . 4 21 .1 86 .5 8 . 9 3.6 12 . 4 
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TABLE 31 
Nitrogen content of r adish tops 

( Rad i sh pot trial - 1, p . 22) 

Treatment Rep . % Nitrogen o f Mg N pe r 
Shoot Dry /eight pl ant 

1 . Control I 1. 61 66 . 76 
I I 3 . 04 79.35 

I II 2 . 81 52 . 15 
I V 3.41 79 . 20 
v 4 .1 0 106 .61 

VI 3 . 55 80 .51 
VII 4 . 33 96 .1 2 

TOTAL 22 . 85 560 . 70 
Hi:AN 3 . 26 80 .11 

2 . .Sulphate of I 2 . 36 82 .69 
Ammonia II 3 . 98 259 . 43 

o . 306g III 2 . 62 11 7 . 71 

N/ pot IV 2 . 60 11 6 .45 
v 3 . 34 160 .ob 

VI 2. 66 98 .27 
VII 3 . 33 195 . lf6 

TOTAL 20 . 89 1038 .01 
MEAJ-< 2 . 98 148 .29 

3 . Dried Blood I 2 . 77 107 .1 3 

o .306g II 3 .03 127 . 14 
III 4. 00 106 . 84 

N/ pot IV 3 . 78 11 2 .84 
v 3 .1 4 96 .33 

VI 4. 01 193 .08 
VII 4 . 44 128 . 93 

TOTAL 25 . 1 '7 852 . 25 
MEAN 3.59 121. 75 

4. Anhydrous Amr.1onia I 3 . 40 130 . 93 
( 1) II i+ . 21+ 127 . 76 

III 3 . 69 144 . 28 
0 . 3061; IV Lf . 01 168. 16 
N/pot v 4 . 04 210 . 46 

VI 3 . 69 136. 86 
VII 4 .36 122 .61 

TOTAL 27 . 43 1043 .06 
MEAH 3 . 92 149.01 
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Table .21 (Cont ' d) 

Treatment Rep . % Ji trogen of Mg N per 
Shoot Dry \'>/eight plan t 

5 . Anhydrous Ammonia I 2 . 90 53 . 22 
(2) II 3 . 78 115 .03 
o.61og III 2 .64 82 . 64 
N/po t 

IV 4 .02 111 . 39 
v 3 . 58 101. 58 

VI 2 . 83 113 . 42 
VII 4 .1 6 137 . 25 

TOTAL 23 . 91 714 .53 
M~AN 3 . 42 102 .08 

6 . Urea ( 1 ) I 2 .1 8 66 . 40 

o . 306g II 3 . 81 160 . 54 
III 2 . 85 141. 95 

1:/pot IV 3 . 84 150 . 37 
v 5 .1 6 182 . 38 

VI 3 . 98 111 . 84 
VII 6 . 81 263 .69 

TOTAL 28 . 63 1077 . 17 
HZri.N 4 .09 153 . 88 

7 . Urea (2) I 5 . 11 228 . 73 

o .61og II L~ . 94 21 1+. 36 
III 3 . 45 290 .1 6 

I/pot IV 3 . 77 181.50 
v 5 .35 354 .1 8 

VI 5 .1 5 247 .03 
VII 5 . 31 22 1. 88 

TOTAL 33 .08 1737 . 84 
MEAl'f 4. 73 248 . 26 
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TABLE 32 
Fresh and dry wei~hts of pot g rown radishes 

( Radish pot respons e trial - 2 , p .28) 

Treatment Rep . Fresh ·. ·t (g) Dry vvt ( g) 
Tops Roots Tota l Tops J~oots Total 

1. Control I 10 15 25 1 . o 1. 6 1. 6 
II 12 11 23 0.2 0.5 0 . 7 

III 18 9 27 o. 8 0 .2 1.0 
IV 15 5 20 1. 3 0 .1 1.4 
v 13 7 20 0 .3 0 . 2 0 . 5 

VI 25 12 37 1. 2 0 .3 1. 5 
TOTAL 93 59 152.0 4. 3 2 . 9 6 .7 
MEAN 15.5 9. 8 25.3 o.8 0.5 1. 1 

2 . Sulphate of I 77 68 145 7.2 6 . o 13.2 
Ammonia II 92 57 149 9. 9 5 . 9 15. 0 

o . 306g III 67 105 172 6.2 12.0 18 . 2 

H/pot 
IV 79 45 124 7.0 4 .0 11. 0 
v 39 61 100 3 . 8 7 .1 10 . 9 

VI 85 80 165 7.2 6 . 9 14. 1 

TOTAL 439 416 855 .0 41.3 41. 9 83 . 2 
MEAN 73.2 69 .3 142 . 5 6 . 9 7.0 13.9 

3 . Sulphate of I 135 58 193 14. 9 6 .1 21 .0 
Ammonia II 89 33 122 9 .1 2 . 9 12.0 

o . 61og III 147 78 225 11. 8 6 .o 1'7 . 3 
IV 145 82 227 13.9 7 .1 21. 0 

N/pot v 58 112 170 7 .2 13.2 20 . 4 
VI 93 69 162 8 .o 5,9 13.9 

TOTAL 667 432 1044 .0 64 .9 41.2 106 .1 
MEAJJ 111. 2 72 .0 183 . 2 10 . 8 6 . 9 ·17 . 7 

4. Sulphate of I 151 11 0 26 1 13.9 8 . 2 22 .1 
Ammonia II 102 52 154 10.3 4 .5 14. 8 

III 108 70 178 9. 2 5 . 2 14 . 11-

o . 892g IV 121 107 228 11. 8 9.5 21 . 3 
N/ oot v 74 36 11 0 8 . 9 3 .1 12.0 

VI 134 100 234 11. 2 6 . 9 10.1 

TOTAL 690 475 11 65 .0 65 . 3 37 . 4· 102 . 7 
MEAl- 115.0 79 . 2 194 . 2 10.9 6 . 2 17. 1 
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Table 22 (Cont'd) 

Treatmen t Rep. Fresh Wt ( g ) Dry i·lt ( g ) 
Tops Ro ots Tota l T ops Hoots Total 

5. Sulphate of I 122 73 195 15. 9 5 .2 21 .1 Ammonia II 132 71 203 13. 0 6 . 8 19 . 8 
1.271 g III 154 92 246 13. 9 8 . 8 22.7 
N/pot IV 135 62 197 12. 9 4.2 17 .1 v 134 47 181 11. 2 3.6 14. 8 

VI 131 48 179 12 . 9 4. 8 17.7 
TOTAL 808 393 1201 79. 8 33.4 113.2 
HEAN 134.7 65 .5 200 . 2 13 . 3 5. 6 18 . 9 

6 . Sulphate of I 86 72 158 9.0 5.9 1 Lt. 9 
Ammonia II 129 55 18Lt 13 . 9 5.2 19 . 1 
1. 701g III 94 60 151+ 8. 8 4.1 12 . 9 
N/pot IV 122 68 190 11. 2 5 .3 16 .5 

v 98 35 133 8 .2 2.9 11 . 1 
VI 128 63 191 11. 9 4. 8 16 .7 

TOTAL 657 353 1010 .0 63 .0 28.2 91 . 2 
MEAl"T 109 .5 58 . 8 168 .3 10.5 4.7 15.2 

7 . Anhydrous I 97 94 191 9.2 8 .o 17.2 
Ammoni a II 94 8Lt 178 8 . 8 7. 9 16 .7 
o . 306g III 42 34 76 3 .4 2.2 5.6 

IV 44 41 161 3.0 3.0 6 .o N/pot v 21 23 205 1.9 1. 9 3. 8 
VI 66 87 153 6.9 8.4 15 .3 

TOTAL 364.o 363 .0 727 .0 33 .2 31.4 64.6 
HEAN 60. 7 60 .5 121. 2 5 .5 5 .2 10 . 8 

8 . Anhydrous I 92 123 215 8 .o 9. 8 17. 8 
Alnmonia II 100 80 180 10. 0 7.3 17 .3 

III 81 105 186 7. 9 8 .9 16. 8 
o. 61og IV 86 89 175 8 . 3 8 .7 17. 0 
N/pot v 57 61 11 8 6 .1 4.2 10.3 

VI 120 129 249 10 . 2 10 .3 20 .5 
TOTAL 536 587 11 23 .0 50.5 49.2 99 .7 
MEAH 89 .3 97. 8 187 .2 8 . 4 8 . 2 16 . 6 

9 . Anhydrous I 71 53 124 7.5 5.0 12 .5 
Ammonia II 103 86 189 9.0 5. 8 14. 5 

III 132 67 199 14 .5 6. 8 21.3 
o. 892g IV 109 53 162 10 .1 3.9 14. 0 
N/ pot v 110 67 177 11.0 5.5 16 .5 

VI 188 20lt 392 15. 8 15 . 9 31.7 

TOTAL 713 530 1243 .0 67 . 9 42.9 11 0 . 8 
M;.:;Al~ 11 8 . 8 88 .3 207 . 2 11. 3 7.2 18 .5 
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Table 32 (Cont'd) 

Treatment Rep . Fresh Wt ( 17) Dry Wt (g) o· 
Tops Roots Total Tops Roots Total 

10 . Anhydrous I 148 105 253 12.9 7.8 20 . 7 
Ammonia II 170 90 260 14.7 7 .1 21. 8 
1.271 g III 80 133 213 7 .1 11 . 1 18 . 2 
N/pot 

IV 70 78 143 8 .o 8 .o 16 . 0 
v 114 93 217 12 . 3 5.2 17 . 5 

VI 102 61 163 8 .1 4 .1 12. 2 
TOTAL 684 560 1254 53 .1 45 . 3 106 . 4 
MEAN 114.o 93 . 3 209 . 0 10.5 7.2 17 . 7 

11. Anhydrous I 124 92 216 1·1.9 5.0 16 . 9 
Ammonia II 89 57 146 10 . 2 6 .1 16 . 3 

1.701 g III 150 37 187 12.0 3 .2 15 . 2 
IV 126 53 179 13 . 0 5.0 18 . 0 

N/pot v 87 43 130 7 . 8 4.9 12.7 
VI 105 60 165 10 .2 4.2 14.4 

TOTAL 681 342 1023.0 65 .1 28 .4 93 .5 
MEAN 11 3 . 5 57 .0 170 .5 10.9 4.7 15 . 6 
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TABLE 33 
Fresh and dry weights of field g rown radishes 

(Rauish field trial - 1, p. 32) 

Treatment Rep . Fresh '.'Jt ( g ) Dry ~~ t (g) 
Tops Roo ts 'rotal Tops .Roots Total 

1 . Control I 473 628 1101 42.6 44 .o 86 . 6 
II 396 429 825 36 .1 35 .5 71.6 

III 513 389 1002 44 . 4 37 . 3 81 . 7 
IV 476 454 930 42 . 8 31 . 9 74 . 7 v 290 233 523 24 . 9 16 .5 41.4 

TOTAL 2148 2233 4381 190 . 8 165 .2 356 . 0 
MEAN 429.6 446 .6 876 .2 38.2 33 .0 71 . 2 

2. Sulphate of I 517 377 894 43 . 8 25 . 7 69 . 5 
Ammonia II 633 602 1235 53 .0 41 . 9 94.9 
66.1 lb III 461 382 843 40 .5 28 .0 68.5 
N/acre IV 574 347 921 48.o 21 . 6 69.6 

v 461 350 811 42.0 24 .6 66.6 
TOTAL 2646 2058 4704 227 .3 141 . 8 369.1 
MEAN 529.2 411 .6 91+0 . 8 45 .5 28.4 73.8 

3. Dried Blood I 579 473 1052 49 . 9 32.5 82.4 
66 . 1 lb II 545 445 990 46 . 9 33.7 80 .6 

III 474 448 922 42 . 8 30 . 4 73 . 2 
N/acre IV 500 317 817 42 . 5 21.1 63.6 

v 600 465 1065 52 .2 32.4 84 . 6 
TOTAL 2698 2148 4846 234 . 3 150. 1 384 . 4 
MEAN 539 . 6 42 9. 6 969 . 2 46 . 9 30 . 6 76 . 9 

4. Anhyd rous I 485 434 919 47 . 9 30 . 3 78 .2 
Ammonia II 490 362 852 41 .6 23 . 8 65 . 4 
66.1 III 541 425 966 46 .3 35 .0 31.3 

lb IV 587 325 912 47 .0 23 .1 70 . 1 
N/acre at v 411 432 843 36.2 27 . 4 63 . 6 
4 inc hes 

TOTAL 2514 2078 4492 219 .0 139 .6 358.6 
M~AN 502.8 415.6 893 . 4 43.8 27.9 71.7 

5, Anhydrous I 530 595 1175 49.8 40 .2 90 . 0 
Ammon i a II 527 l~02 929 43 .2 29 .2 72.4 

III 523 42 -1 944 42 .2 26 .6 68 .8 
66.1 lb IV 527 L~ 35 962 45 . 1 29.0 7L~ . 0 
Jr/acre at v 609 557 11 66 54.0 37.3 91 .3 
6 inches 

TOTAL 2766 2410 5176 234 .2 162.3 396 .5 
MEAN 553 .2 402 .0 1035. 2 46 . 8 32.5 79 .3 
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Table 33 (Cont ' d) 

Treatment Rep. Fresh Wt ( g ) Dry vi t (g) 
Tops Roots Total To ps Roots 'rot a l 

6. Urea I 442 L1-05 847 36 .4 29 .3 65 .7 
66 .1 lb II 443 357 800 36.2 27.7 63 . 9 
H/ a cre I II 466 404 870 38.0 27.7 65 . 7 

IV 330 352 682 31 . 4 26 . 0 57 . 4 
v 501 386 887 4L1- . 9 24.5 69 . 4 

'rOTAL 2182 1904 L1-086 186 . 9 135.2 322 .1 
l•EAN 436.4 380 .8 817.2 37 · L;- 27.0 ' 64. 4 
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TABLE 34 
Fr esh and dry weights of fie ld gr own cos lettuce 

(Cos l ettuce field trial - 2 , p . 34) 

Treatment Rep . Fresh 'ti t ( g) Dry \'it ( g) 
Tops Tops 

1 . Control I 1504 114 
II 2062 117 

I II 1620 101 
IV 1690 97 
v 2130 135 

VI 1842 11 L~ 

TOTAL 10848 678 
MEAN 1808 113 

2. Sulphate of I 1453 99 
Ammonia I I 2030 129 

51 . 4 lb 
III 1656 110 

IV 1928 11 8 
N/acre v 2865 198 

VI 2781 189 

TOTAL 12763 843 
MEAN 2127 141 

3 . Sul phate o f I 2300 123 
Ammonia II 2266 120 

III 2197 129 
102 . 5 lb IV 206.5 135 
N/acre v 2793 207 

VI 2904 219 

TOTAL 14525 933 
Hi:,AN 2421 156 

4. Anhydrous I 2443 151 

Ammonia II 1559 106 
III 1784 107 

51. 4 lb IV 2237 139 
N/ acre v 2340 165 

VI 257 1 180 

TOTAL 12934 848 

NEAH 2156 141 
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Table 34 (Cont ' d) 

Treatment Rep . Fresh Wt ( g ) Dry vlt ( g) 
Tops Tops 

5. Anhydrous I 21 93 131 
Ammonia II 1904 114 
102 .5 lb I II 2042 123 
N/acre I V 2400 139 

v 233 1 156 
VI 2343 174 

TOTAL 13213 837 
MEAl~ 2202 139 
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TABLE 35 
Fresh and dry weights of field grown spinach 

(Spinach field trial - 3, p . 36) 

Treatment Rep. Fresh ·i'Jt Cc;) Dry -1Jt (g) 
Tops Tops 

1 . Control I 942 131 
II 656 80 

III 724 87 
IV 691 78 
v 1175 151 

VI 11 84 11 8 

TOTAL 5372 645 
ViEAN 895 . 3 108 

2 . Sulphate of I 948 116 
Ammonia II 716 82 

51.4 lb III 1066 140 

N/acre 
IV 783 91 
v 1305 148 

VI 1120 144 

Torr AL 5938 721 
MEAV 989 .7 120 

3. Sulphate of I 900 105 
Ammonia II 1112 159 

III 854 112 
102.5 lb IV 835 91 
N/acre v 1124 128 

VI 879 109 

TOTAL 5701 704 

MEAT'l" 950 . 2 117 

4. Dried Blood I 1170 143 
II 769 79 

51.4 lb III 945 115 
N/acre IV 1361 162 

v 1091 130 
VI 11 88 147 

TOTAL 6524 776 

MEAN 1087 . 3 129 
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Table 22 (Cont ' d) 

Treatment Re~ . Fr esh ~'ft ( g ) Dry Wt ( g ) 
Tops Tops 

5 . Dried Blo od I 925 99 
102 .5 lb II 790 93 
l'i'/acre I II 1032 129 

IV 890 11 0 
v 1049 135 

VI 1207 137 
TOTAL 5874 703 NEAN 979 .0 117 

6 . Anhydrous I 1322 162 
Ammonia II 1209 135 
51 . 4 lb III 111 5 139 
f-i/acre IV 1421 195 

v 1279 162 
VI 1065 128 

TOTAL 7411 92 1 
MEA.n 1235 . 2 154 

7 . Anhydrous I 1401 157 
Ammonia II 949 109 
102 .5 lb III 11 95 133 

IV 11 07 175 H/ acre v 1248 162 
VI 1097 145 

TOrAL 7077 881 
MEAH 11 79 ,6 147 

8 . Urea I 1263 169 
51. 4 lb II 1238 157 

III 111 8 140 
N/acre IV 11 81 153 

v 1425 165 
VI 11 22 134 

TOTAL 7Yr7 918 
HEAH 1224 .5 153 

9 , Urea I 1092 137 
II 1304 189 

102. 5 lb III 1027 132 
N/acre IV 1380 160 

v 11 84 133 
VI 1032 112 

TOTAL 7019 863 
I· i.llJ! 1169. 8 144 
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TABLE 36 
Fresh and dry weights o f fie l d grown radishes 

(Radish field response trial - 4, p . 38) 

Treatment Rep . Fresh ;·it ( t; ) Dry ·1n ( g) 
Roots Tops Total Roots 'l'ops Total 

1 . Control I 492 783 1275 38 67 105 
II 603 842 1445 45 65 110 

III 598 752 1350 55 66 121 
IV 556 631 11 87 51 59 110 
v 412 848 1260 40 75 115 

VI 642 646 1288 55 70 125 
TOTAL 3303 4502 7805 284 402 686 
MBA}; 550.5 750 .3 1300 . 8 47 . 3 67 .0 114.3 

2. Sulphate of I 890 1096 1986 69 106 175 
Ammonia II 820 939 1759 68 90 158 
51. 4 lb 

III 657 1632 1689 41 81 122 

N/acre 
IV 616 1126 1742 54 104 158 
v 797 1445 2242 49 117 166 

VI 772 1062 1834 64 123 187 

TOTAL 4552 6700 11 252 345 62 1 966 
1-lEAl 75&.7 1116 .7 1875 . 3 57.5 103.5 161.0 

3. Sulphate of I 646 1260 1906 55 11 5 170 
Ammonia II 819 1059 1878 72 96 168 

102.5 lb 
III 729 1087 12> 16 77 102 179 

IV 741 1121 1&62 70 124 194 
I /acre v 843 1438 2281 70 123 193 

VI 837 1332 2169 64 132 196 

TOTAL 46 15 72 97 11 972 408 692 1100 
Vi EA ii 76':; . 2 1216 .2 1905 .3 68 .o 115.3 103.3 

4. Sulphate of I 820 1290 2170 87 120 207 
Ammonia II 1006 1670 2676 76 143 219 

149. 8 lb 
III 927 1292 22 19 83 109 192 

VI 939 1510 2449 80 146 226 
ii/acre v 843 1302 2145 67 136 203 

VI 71+6 1228 1974 63 116 179 

TOTAL 5341 8292 13633 456 770 1226 
~1EAH 890 . 2 1382 .0 2272 .2 76 .0 128. 3 204 . 3 
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Tab l e 26 (Cont' d ) 

Treatment i~ep . Fresh \'i t ( g ) Dry \'It ( g ) 
Roots Tops 'fotal Roo ts Tops Total 

5. Sulphate of I 667 1110 1777 56 109 165 Ammon i a II 943 1877 2820 75 150 225 
213 .6 lb II I 776 1353 2129 66 129 195 
N/acre I If 830 1524 2354 67 144 211 v 1036 161+1 2677 74 151 225 

VI 1081 1570 2651 86 163 249 
TOTAL 5333 9075 14408 424 846 1270 
HEAN 888 . 8 1512 .5 2401.3 70 .7 141.0 211. 7 

6 . Sul phate of I 1025 1453 2478 82 131 213 
Ammonia II 507 1112 1619 42 98 140 
285.9 lb III 707 1304 2011 62 11 6 178 
N/a cre IV 816 1725 2541 71 158 229 

v 825 1865 2690 64 164 22 8 
VI 759 1296 2055 64 130 194 

'rO'.i'AL 4639 8755 11 941 385 797 11 82 
t· SAil 773.2 1459 . 2 2232 .5 64 . 2 132 .8 197.0 

7. Anhydrous I 851 983 1834 75 70 145 
Ammonia II 663 1006 1669 56 88 144 
51.4 lb III 803 1130 1933 76 93 169 

IV 842 1056 1898 81 117 198 H/acre v 717 11 77 1894 70 11 6 186 
VI 625 839 1464 49 87 136 

TOTAL 4501 6191 10692 407 571 987 
HEAN 750.2 1031. 8 1782 .0 67 . 8 95.2 163 .0 

8 . Anhydrous I 414 765 1179 39 74 113 
Ammonia II 762 1307 2069 68 114 182 

III 898 1213 2111 83 103 186 
102 .5 lb IV 926 1318 2244 81 123 204 
N/ a cre v 1073 12 9L• 2367 96 140 2)6 

VI 574 1303 1877 54 157 211 
TOTAL l•647 7200 11 847 421 711 11 32 
MEAN 774.5 1200 .0 1974.5 70 .2 11 8.5 188 .7 

9. Anhydrous I 690 1076 1766 64 104 168 
Ammonia II 743 1288 2031 61 109 170 

III 1028 1133 2161 90 97 187 
149. 8 lb IV 524 806 11~10 53 104 157 
H/ a cre v 659 1410 2069 55 146 201 

VI 792 1295 2087 72 124 196 

TOTAL 4436 7088 11524 395 684 1079 
MEAN 739 . 3 11 81 . 3 1920 . 6 65 . 8 11 L• . 0 179. 8 
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Table 26 (Cont'd) 

Treatment Rep . Fresh Ht ( g ) Dry Wt ( g ) 
Roots Tops Total Hoo ts Tops Total 

10 . Anhydrous I 510 859 1369 40 87 127 Ammonia II 947 1853 2800 62 139 201 
213.6 lb I II 442 1344 1786 52 122 17-+ 
N/acre IV 602 1122 1724 59 127 360 v 773 1331 2104 72 133 565 VI 582 1030 1612 61 111 172 
TOTAL 3856 7539 11395 346 719 1065 
MEAN 642 .7 1256 . 5 18s9 . 1 57 . 7 119.8 177 . 5 

11 . Anhydrous I 550 923 1473 53 97 150 
Ammonia II 553 973 1526 50 89 139 
285 . 9 lb III 654- 121 8 1872 70 103 170 

IV 676 1455 2131 67 142 209 N/acre v 767 11 66 1933 77 147 224 
VI 665 11 27 1792 6L1- 140 204 

TOTAL 3865 6862 10727 381 723 11 64 
MEAH 644 . 2 11 1+ 3 . 7 1787 . 8 63 .5 120 . 5 1&4 . o 
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TABLE 37 
Fresh and dry we i gh t s of fi e ld grown radishe s 

(Large s ca le radish field trial -5, p.41) 

Tr eatment Rep . Fr esh .Jt ( g ) Dry .ft ( g ) 
Tops Roots Total '11 ops Roots ·rot al 

1 . Control I 1497 2484 39&1 82 215 297 
II 1702 2471 4173 80 205 285 

III 1319 2373 3692 102 328 430 
IV 1514 3215 4729 112 254 366 v 1076 2054 3130 73 164 237 
VI 1143 2Yf3 3486 87 152 239 

TOTAL 8251 14140 23191 536 1381 1654 
M~Al'I 1375 . 2 2491.7 3865 .2 89 .3 219 .7 309 .0 

2. Sulphate of I 2410 3338 5748 172 260 432 
Ammonia II 1419 2005 3424 85 182 267 
50 lb III 1566 2046 3612 11 2 157 269 
N/ acre IV 1056 1694 3550 120 176 296 

v 1888 2364 4252 11 8 202 320 
VI 2226 2392 4618 127 276 403 

TO'l'AL 11 365 13393 25204 734 1253 1987 
hr: Ai~ 1894 . 2 2306 .5 4200 .7 122.3 200 . 8 331 .7 

3. !:>ulphate of I 3049 3374 6423 187 340 527 
Ar.imonia II 2793 3057 5850 158 262 Lf20 

150 lb II I 2557 1773 4330 133 142 275 
IV 2239 3112 5351 142 265 407 H/ acre v 2450 1958 4406 153 189 342 
VI 3314 2014 5328 194 185 379 

TOTAL 16402 15288 31690 967 1383 2350 
M:C:l\J.>i 2733 .7 25Lt3 . o 5281.7 161 .7 230 .5 391.7 

4 . Anhydrous I 1339 3070 4409 106 238 344 
Aomonia II 1834 3153 4907 151 251 402 

III 1362 3260 4622 95 236 331 50 l b IV 1704 2407 4111 126 213 339 
N/ a cre v 1344 2322 41 66 114 232 Yt6 

VI 1140 3227 4367 90 235 325 
TOTAL 9223 17439 26662 682 1405 2087 
MEAil 1537.2 2906.5 4443 .7 113.7 234.2 347 . 8 
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Table 27 (Cont 'd) 

Treatment Rep. Fresh ~'it (g) Dry Wt ( g ) 
Tops Roots Total Tops Ro ots Total 

5. Anhydrous I 1892 2247 4139 139 215 354 Ammonia II 2424 3579 6003 181 305 486 
150 lb III 2053 2304 4357 136 189 325 
N/acre IV 2344 3251 5595 120 209 329 v 1584 1897 3481 100 162 262 

VI 21 L1-9 2747 4896 111-0 235 375 
TOTAL 12446 16025 28471 816 1315 2131 
MEAl'~ 2074 . 3 2670 . 8 4745 .2 136 . 0 219 .2 355.7 

6 . Anhydrous I 2500 3107 5607 177 296 473 
Ammonia II 2747 2428 5175 202 215 417 
300 lb III 2960 3327 2980 195 309 504 

IV 2589 3335 5924 163 325 486 !\/acre v 3354 2243 5597 188 328 516 
VI 2603 2979 5582 174 200 374 

TOTAL 16773 17419 34192 1099 1673 2772 
H.C:AN 2795.5 2903 . 2 5698 . 7 183 .2 278 . 8 462 . 0 
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TABLE 38 
Dry weight r a tio s for radish tons and roots 
(La r ge scale radis h field trial- - 5 , p .41) 

Tr eatment 

Control 

Sulphate of Ammo nia 

Sul phate of Ammon ia 

Anhydrous Ammonia 

Anhydrous Ammonia 

Anhydrous Ammonia 

Lb H 
per acre 

0 

50 

150 

50 

150 

300 

Rat io Jry de i gh t 
Tops : Roots 

o . 406 

0 . 586 

0.702 

o . 485 

0 . 620 

0 . 657 
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TABLE 39 
Fr esh and dry wei~hts of radi sh from · 1 1 t . . o sing e p o s , 

~ertili5ers applied at different times 
(Time of application field trial - 6 , p . 45) 

Treatment Rep. Fresh ".•:t (g ) Dry v/t ( g) 
Tops Roots Total Tops Roots Tot.al 

1 • Control I 942 420 1362 90 .2 51 .o 141 . 2 
II 194 169 363 26 . 5 23 .0 49 .5 

III 896 367 1263 77 . 4 44.5 121 . 9 
IV 642 343 985 52 . 8 36 . 6 89 . L1-
v 1010 238 1248 89 . 3 40 . 9 130 . 2 

TOTAL 3684 1537 5221 336 . 2 196 .0 532.2 
MEAN 736 . 8 307 . 4 1044 . 2 67 .2 39 .2 106 . 4 

2 . Sulphate of I 377 307 684 44 . 5 38 .1 82 . 6 
Ammonia II 800 350 1150 78 . 9 42 . 9 121. 8 
Applied in III 787 219 1006 81. 8 29 . 8 111 . 6 
April IV 430 364 794 11 3 . 2 42 .1 155 . 3 

v 867 322 11 89 74 . 4 34. 9 109 . 3 
TOTAL 3261 1562 4823 392 . 8 187 . 8 580 . 6 
MEAI' 652 . 2 312 . 4 964. 6 78 . 6 37 . 6 116 . 2 

3 . Sulphate of I 757 369 11 26 79 . 6 51. 8 131 . 4 
Ammonia II 823 287 1110 86 . 9 41. 9 128 . 8 
Applied in III 933 288 1221 94 .1 Li- 4 . 1 130.2 

IV 934 369 1303 91. 9 36 . 9 128 . 8 October v 1032 335 1367 92 . 0 42 .0 134 .o 
TOTAL 4L1-79 1648 6127 444.5 216.7 661 . 2 
MEAN &95 . 8 329 . 6 1225 .4 88 . 9 43 . 3 132 . 2 

4 . Anhydrous I 224 253 L1-77 30 .1 32 . 9 63 . 0 
Ammonia II 1232 480 1712 106 . 1 46 .2 152 . 3 

III 998 343 1341 88 . 1 40.7 120 . 6 
Applied in IV 1503 333 1841 73 .1 38 .0 11 1.1 
April v 704 324 1028 57 . 5 38 .3 95 . 8 

TOTAL 4661 1730 6399 354 . 9 196 .1 551 . 0 
NEAJ'; 932 . 2 347 . 6 1279 . 8 71. 0 39 .2 110 . 2 

5 . Anhydrous I 860 387 1247 90 . 2 54 .1 144 . 3 
Ammonia II 97 1 379 1350 99 .0 46. 1 145 . 1 

III 1081 466 1547 93 . 0 48 .o 141 . 0 
Applied in IV 1235 367 1602 101 . 7 39 .0 140 . 7 
May v 850 262 1112 69.5 34 .1 103 . 6 

TOT.L 1+997 1861 6858 453.4 221 .3 674.7 
M.t:Al: 999 . 4 372 . 2 1371 . 6 90 . 7 4L1- . 3 135 .0 
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Table 29 (Cont'd) 

Treatment Rep . Fresh "It ( g) Dr y Wt ( g ) 
Tops Roots Total Tops Roots Tota l 

6. Anhyd ro us I 1147 458 1605 109. 2 52 . 8 162.0 
Ammonia II 1080 483 1563 98 .0 50 .3 1Lro . 3 
Applied in III 1060 367 1427 98 .0 43.0 141.0 
June IV 962 305 1267 84 .1 36.1 120 .2 v 1323 525 1848 11 2 .2 54 .o 166 . 2 
TOTAL 5572 2138 7710 501.5 236 .2 737.7 
HEAN 1114.4 427. 6 1542 .0 100 . 3 47.2 147.5 

7 . Anhydrous I 209 2L1-0 449 31 . 6 33 .0 64 . 6 
Ammonia II 1156 464 1620 92 . 2 49 . 9 142 . 1 
Applied in III 1238 397 1635 96 . 9 Li-6 . 0 142 . 9 

IV 943 406 1y1-9 83 . 9 45 .0 128 . 9 August v 1060 496 1556 89 . 4 53 .2 142.6 
TO'I' AL 4606 2003 6609 394 . o 22( . • 1 62 1.1 
MEAN 92 1 .2 400 .6 1321. 8 70 . 8 45.4 12Lt. 2 

8 . Anhydrous I 967 405 1372 90 .4 L,7 • 9 138 .3 
Anunonia II 1126 420 1546 101.5 49. 9 151 . 11-

III 1314 443 1757 11 5 . 6 46 . 8 162 .4 Applied in IV 977 312 1289 92.5 36 .7 129 . 2 October v 1137 341 1478 90 . 4 40.0 130 . 4 
TOTAL 552 1 192 1 7442 490 .4 221 .3 711.7 
MEAlJ 11 04 . 2 384 .2 1488 . 4 95 .1 44.3 142.4 

9. Sulphate of I 654 366 1020 82 .0 51.1 133 .1 
Ammonia II 1012 377 1389 98.0 45 .0 143 .0 

III 1064 394 1458 85 . 9 41 .1 127 .0 
Applied in IV 1422 411 1833 11 6 . 8 43 .0 159 . 8 
October v 1441 519 1960 120 . 9 58 .0 178 . 9 
Placed in 6" 
deep holes 
TOTAL 5593 2067 7660 503 . 6 238 .2 741. 8 
MEAN 111 8 . 6 413.4 1532 .0 100. 7 47 . 6 148 . 4 

(All fertilisers 102 .5 lb N/a cre) 
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TABLE 40 
Mean monthly soil temperature at 611 

(Time of applicat i on field trial - 6, p.45) 

Mon th 

January 65 . 3 

February 61 . 2 

l·iarc h 59 .9 

April 52.8 

May 47.2 

June 38 .1 

July 38 .7 

August 41.4 

Septembe r 48 . 9 

October 50.9 

rovembe r 61.0 

December 65 . 9 

Year 
Mean of 10 Years 

1959-1 968 

62 . 9 

62.5 

58 .3 

52.4 

46.5 

41.4 

40 .1 

41. 8 

45. 8 

52.1 

56 .1 

61.7 

140 

(l!ote - 6 II soil te::iperatures were 
te mpe rat~res.) 

based on t he mean of the 411 and 
311 
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TABLE 41 
Corrected dry weights of r ad i sh tops , 

applied at different times 

(Time of application field trial -

Trec:i.tment 

Control 

Sulphate of Amm on i a 
applied in April 

Sulpha te of Ammonia 
applied in Oc tobe r 

Anhyd rou s Ammonia 
applied in Apri l 

Anhydrous Ammon i a 
ap plied i n fay 

Anhydrous Ammonia 
app lied in J une 

Anhydrous Ammonia 
applied in Au 1~us t 

Anhydrous Ammon i a 
applied in October 

Sul phate of Ammonia 
applied in Oct obe r 
(611 depth) 

,• 

14 1 

fertilisers 

6 I P • 45) 

Corre cted Hean 

77 . 4 

87 .1 

88 . 9 

81. 2 

90 . 7 

100 . 3 

90 . 6 

98 .1 

100 .7 

(This table has been construc ted fro m Tab le 39 by omittine p lots with 
plant dry wei ghts of tops less than 60~ of the tre a t men t mean . ) 
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TABLt; 42 
Radis h germinat ion from single replicate plots 

in radish pot response trial - 2 
(Observations on ge r n ination, p.49) 

142 

Treatment Rep . Germination per Pot 
(from 10 seeds) 

Control I 10 
II 10 

III 10 
IV 9 
v 10 

VI 10 
TOTAL 59 
ME.Ali 9.83 

Sulphate of Ammonia I 10 
II 8 o . 306g H/pot 

III 10 
IV 10 
v 10 

VI 10 

TOTAL 58 
9.67 MEAN 

of Ammonia I 10 Sulphate 10 o . 610g I1/pot II 
III 10 

IV 6 
v 7 

VI 7 
49 

TOI'AL 8 .17 
MEAi' 

I 10 
Sulphate of Ammonia 

II 10 
0. 892g Il/pot III 9 

IV 7 
v 6 

VI 4 
46 

TOTAL 7.67 
l'i.C.:AH 
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Table 42 (Cont'd) 

Treatment Rep. Ge r mina tion per Pot 
(from 10 seeds) 

5. Sulphate of Ammonia I 4 
1.271 g I</pot II 10 

III 5 
IV 4 
v 5 

VI 5 

TOTAL 33 
M.C:AN 5.50 

6 . Sulphate of Ammonia I 4 
1. 701g H/pot II 5 

III 2 
IV 7 
v 10 

VI 7 

TOTAL 35 
i';E.AN 5. 83 

7. Anhydrous Ammonia I 10 

0 . 306g l'i/pot II 10 
III 10 

IV 10 
v 10 

VI 7 

TOTAL 57 

MEAN 
9 . 50 

8 . Anhydrous Ammonia I 10 

0 .610g l /pot II 10 
III 10 

IV 10 
v 10 

VI 10 

60 
TOTAL 10 . 00 
M,:;AH 

9. Anhydrous Ammonia I 10 

o . 892 g ll/po t II 10 
III 10 

IV 7 
v 10 

VI 10 

57 
TOTAL 9 . 50 
I· .GAN 
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Table 42 (Cont'd) 

Trea trnen t Rep . Germination per Pot 
( f rom 10 seeds) 

10 . Anhydrous Ammonia I 6 
1. 271g H/pot II 9 

III 10 
IV 4 
v 10 

VI 10 

TOTAL 49 
H3AN 8 .17 

11 . Anhydrous Ammonia I 5 
1. 70 1g 1;/pot II 5 

III 2 
IV 4 
v 4 

VI 2 

TO'r.AL 22 

MEAl' 3.67 
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TABLE 43 

Radish germination f r om single replicate plots 
(Germination field trial - 7, p . 51) 

Treatment Rep . % 

Control I 
II 

III 
IV 
v 

VI 

TOTAL 
ME All 

Sulphate of Ammonia I 
51 . 4 lb H per acre II 
Deeply mixed I II 

IV 
v 

VI 

TOTAL 
hEAl'i 

Sulphate of Ammonia I 
102 . 5 lb i.~ per acre II 
Deeply mixed III 

I V. 
v 

VI 

TOTAL 
MEAN 

of Ammonia I Sulphate II 149 . 8 lb !'1 per acre 
III Deeply mixed IV 

v 
VI 

'.!10TAL 
MEAN 

Ge r mination 

82 
90 
90 
82 
98 
88 

530 
&b .3 

72 
86 
84 
86 
96 
90 

514 
85 .7 

68 
56 
6 4 
90 
98 
90 

46 6 
77.7 

98 
86 
92 
92 
94 
92 

554 
92.3 
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Table 42 (Cont'd) 

Treatment Rep . % Germination 

5. Sulphat e of Ammonia I 60 
213.6 lb N per acre II 94 
Deeply mixed III 84 

IV 86 
v 90 

VI 98 
TOTAL 512 
H.i'.:A.N 85 . 3 

6. Sulpha te of Ammonia I 92 
285.9 l b N per acre II 86 
Deeply mixed III 96 

IV 94 
v 88 

VI 82 

TOTAL 538 
MEAN 89 .7 

7. Anhydrous Ammonia I 54 
51 . 4 lb H pe r a cre II 88 
6" depth III 86 

IV 96 
v 98 

VI 92 

TOTAL 
514 

H.wAi.;-
85 .7 

8. Anhydrous Ammonia I 54 

102 .5 l b H pe r acre II 92 

6" depth III 94 
IV 90 
v 90 

VI 88 
508 

TOTAL 84.7 
NS.AN 

9. Anhyd rous Ammon in I 70 
86 

149 . 8 lb lf pe r acre II 88 
6' ' depth Ill 

IV 90 
v 88 

VI 86 
508 

TOTAL 84 .7 
r '1.SAi~ 
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Table 43 (Cont'd) 

Tr eatmen t Rep . % Germination 

10. Anhyd rous Ammonia I 56 
213.6 lb N per acre II 82 
6" depth III 84 

IV 92 
v 94 

VI 88 

TOTAL 496 
MEAN 82.7 

11 . Anhydrous Ammonia I 62 
285.9 lb N per a cre II 86 
611 depth III 8L~ 

IV 92 
v 86 

VI 88 
498 
83.0 

12. Sulphate of Ammon ia I 92 
51.4 lb N pe r a cre II 94 
Shallowly mixed III 92 

IV 86 
v 90 

VI 94 

TOTAL 
548 

MEAN 
91.3 

13. Sulphate of Ammonia I 56 
213.6 l b N per acre II 84 

S ha ll01·1ly mixed III 80 
IV 80 
v 86 

VI 66 
472 

TOTAL 78.7 
MEAN 

14. Anhydrous Ammoni a I 76 
II 84 

51.4 lb I p er acre III 86 
3" depth IV 84 

v 90 
VI 86 

506 
04 .3 



Table 43 ( Con t'd) 

Tr eatmen t 

15. Anhydrous A~nonia 
2 13 . 6 lb N per acre 
3 11 depth 

TOTAL 
I ~AN 

16 . Urea 
51.4 lb N per a cre 
Shallowly mixed 

TOTAL 
NEAF 

17. Urea 
213.6 lb I' per a cre 
Shallowly mixed 

TOTAL 
MEAH 

18 . Urea 
51.4 lb N pe r acre 
Deeply mixed 

TOTAL 
.t-lEAI 

19 . Urea 
2 13 . 6 lb N per a cre 
Deeply mixed 

TOTAL 
hEAH 

Rep . 

I 
II 

III 
IV 
v 

VI 

I 
II 

III 
IV 
v 

VI 

I 
II 

III 
IV 
v 

VI 

I 
II 

III 
IV 
v 

VI 

I 
II 

III 
IV 
v 

VI 

% Germinatio!1 

64 
94 
90 
88 
90 
92 

518 
66 .3 

64 
83 
90 
98 
98 
86 

524 
87 .3 

82 
85 
96 
92 
90 
86 

531 
88 .5 

76 
76 
90 
94 
94 
96 

526 
87 . 7 

76 
92 
94 
94 
90 
96 

542 
90.3 

148 



TABLE 44 
Fresh and dry weights of sin g le corn p l an ts 

32 p was applied at various depths below and distances fro m 
the plant, and in some cases ammonia was applied with 

t he isotope 
( Sweet corn isotope root distribution tria l - 8, p.59) 

'l' re a tmen t Rep . Fresh v'Jt (g) Dry l/J t ( ~) 

1 . Control I 148 18.2 
II 21 4 . 1 

III 54 8 .5 
I V 

TOTAL 223 30 .8 
HEAH 74 .3 10 . 25 

2. I sotope dire ctly I 172 21 . 2 
under plant II 94 14 .0 
7 II depth III 70 9.6 
J 

54 8 . 5 Ho ammonia IV 

TOTAL 390 53 .3 
KE..'.J{ 97 .5 13 . 32 

3. Isotope directly I 171 21 . 8 
un der plant II 26 5 .0 
6" depth III 50 8 .o 
Iio ammonia IV 47 7 .2 

TOTAL 294 42 .0 
MEAII 73.5 10 . 50 

4. Isotope 6 II away I 149 18. 3 
3" depth I I 82 11. 4 

24 4 . 2 
lio a!l1Bon ia III 

IV 

TOTAL 255 33 . 9 
l1iEA1: 85.0 11. 32 

6 II I 135 17.1 
5. Isotope away 96 13. 2 

6'' depth II 
28 13.2 

No ammonia III 
IV 

259 35. 6 TOT _.\L 86 . 3 11 . 85 
J.lE,'Jl 
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Table 44 (Cont'd) 

Tr eatment Rep . Fresh ~ft ( g ) Dry l'it ( g ) 

6. Isotope 12 II away I 43 6 .5 
3 11 depth II 60 8 . 6 
No ammonia III 64 10.7 

IV 63 9 . 7 
TO'rAL 230 35 .5 
MEAN 57.5 8.87 

7. Isotope 12 II away I 1 Y~ 18 . 2 
6" depth II 79 10.9 
No ammonia III 151 19 . 8 

IV 34 5 . 9 

TOTAL 398 54.8 
hEAN 99 .5 13 . 57 

6 . Isotope direct l y I 7·1 10 . 2 
under plant II 25 4 .5 
311 depth III 60 9 . 3 
1004m8 ammonia IV 51 7. 8 

TOTAL 207 31 .8 
MEAN 51. 8 7 . 94 

9 . Isotope dir ectly I 84 12 .1 
under plant II 24 5.8 

6'' depth I II 185 23 . 9 
1084mg ammonia IV 

TOTAL 293 41 . 8 

MEAN 97 . 7 13. 92 

10 . Isotope 6 11 away I 123 16 .0 

311 depth II 66 9 .5 

2 x 1084mg ammonia III 
IV 36 5.9 

'rOTAL 225 31 . 4 

HEAN 75 .0 10.45 

11 . I sotope 6'1 away I 97 13.1 

6" depth II 33 5.6 

2 x 108L~mg ammonia III 94 13 . 9 
IV 27 4.9 

TOTAL 251 24. 4 

HEAN 
62 . 8 9 . 37 
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Tabl e 44 (Cont ' d) 

Treatlilen t Rep. Fresh "It ( g ) Dry \tvt ( g ) 

12 . Isotope 12 11 away I 181 22 .0 
3" depth II 49 8 .4 
2 x 108l+mg ammonia III 

IV 

TOTAL 230 30.4 
MEAN 115. 0 15.20 

13 . I sotope 1211 away I 166 21. 3 
611 depth II 76 10. 2 
2 x 108Li-mg ammonia III 87 12.6 

IV 79 10.2 

TOTAL 408 54.3 
MEAN 102.0 13.57 
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TABLE 45 

32p 
Fresh.and dry w~ights of single radish plants 

was applied at various depths below and distances from 
the plant, and in all cases ammonia was applied with 

the isotope 
( Radish isotope root distribution trial - 9, p . 67) 

Trea tment Rep . Fresh \!Jt ( g ) Dry vl t ( g) 
Tops Ro ots Total Tops Roots Total 

1 . Control I 20 83 103 6 .o 6 .4 12.4 
II 17 100 117 5 . 0 7.7 12 . 7 

III 28 118 146 6 . 8 9 . 0 15. 8 
IV 21 60 81 6 .1 5.9 12.0 
v 38 7'7 115 7.8 5 . 9 13.7 

VI 22 102 124 5 .1 8 .o 13 .1 
VII 27 50 77 7 . 2 5.5 12.7 

VIII 19 90 109 5.9 6 . 7 12.6 

TO'.fAL 192 680 872 49.9 55 .1 105.0 
H:t:AN 24 . o 35.0 109 . 0 6 . 2 6 . 9 13 . 1 

2 . Isotope I 26 132 158 5.8 9 . 2 15 . 0 
directly II 32 147 179 8 . o 10 . 0 18 .0 
under plan t III 37 92 129 7 . 0 8 . 9 15.9 
3 '' dept'.:l IV 
1084l'lg v 37 165 202 9 .0 9 .4 1(J . 4 

ammonia VI 30 114 144 6.2 9 . 0 15.2 
VII 33 134 167 8 . o 8 . 2 16.2 

VIII 30 127 157 7 . 0 3 . 9 15.9 

TOTAL 225 911 1136 51.0 63 . 6 114.6 

lEAN 28 .1 113 . 9 142 . 0 6 . 4 8 . o 14.3 

3 . Isotope I 24 80 104 6 . 9 6 . 9 13.b 

directly II 40 149 189 6.4 13.2 19 . 6 

under plan t III 30 61 91 7.3 7 .1 14.4 

6 11 depth IV 17 57 74 5 . 2 6 .0 11.2 

1004mg v 24 69 93 5.3 6 . 2 11.5 

ammonia VI 38 11 9 157 7 . 9 11 . 6 19 . 5 

VII 48 175 223 9 .1 13.5 22 . 6 

VIII 38 114 152 8 . 1 f.L 9 17.0 

TOTAL 259 82 4 1083 56.2 73 . 4 129 .6 

l·i.2:Af\ 32 . 4 103 .0 135 . 3 7 .0 9 . 2 16 . 2 



153 

Table 42 (Cont'd) 

Treatment Rep . Fresh .>/t ( g ) Dry lit (g) 
Tops Roots ·rot al Tops .Roots Total 

4. Isotope 6" I 27 97 12Lr 6 . 8 7 .2 1Lr. 0 
away II 34 78 112 7 .2 7.3 14. 5 
3" depth III 56 193 249 9.0 10. 8 19 . b 
2 x 1084mg IV 40 89 129 8 .1 7 . 9 16 .0 
ammonia v 42 124 166 9 .1 9.3 18 . 4 

VI 23 109 132 6.9 7 .2 1!+ . 1 
VII 35 172 207 8 .o 10 . 9 1b. 9 

VIII 2d 99 127 6.3 8 .2 14.5 

TOTAL 285 961 1246 61.4 68.8 130.2 
i"iEAl~ 35.6 120.1 155. 8 7 .7 8.6 16.3 

5. Isotope b II I 25 79 104 5 . 9 6 .o 11 . 9 
away II 25 102 130 6.o 7.0 13. 0 
6 11 depth III 19 65 84 Lr . 1 5.1 9.2 
2 x 1084mg IV 23 79 102 6.8 9.0 15.6 
a mmonia v 19 96 115 5 .1 11. 0 1 b .1 

VI 30 11 9 149 6.7 7.9 14. 6 
VII 36 112 148 7.0 7.2 14.2 

VIII 38 135 173 7 .1 8 .2 15.3 

TOTAL 218 787 1005 48.7 61. 4 11 0. 1 
hi'.;AJ; 27 . 3 98 . 4 125.6 6 .1 7.7 13 . 8 

6. Isotope 12" I 45 133 178 7.1 8 .2 15.3 
away II 50 147 197 8 .1 11. 0 19 . 1 
3" depth III 25 101 126 5 . 3 8 .1 13.4 
2 x 1084mg IV 35 110 145 6 . 8 7.7 14.5 
a mmonia v 

VI 55 148 203 10 .0 11. 0 21 .0 
VII 39 111 150 7.8 5 . 9 13.7 

VIII 30 82 112 7.0 6 .3 13 . 3 

TOTAL 279 832 1111 52. 1 58 .2 110.3 

J.iEAl'l 34.9 104.o 138 . 9 6 . 5 7.3 13. 0 

7, Isotope 12" I 38 136 174 7.9 9.6 17.5 

away II 35 104 139 7 .1 8 .o 15 . 1 

611 depth III 27 60 87 6.2 7 .5 13.7 

2 x 1084mg IV 27 115 142 6 .1 fL9 15.0 

ammonia v 15 54 69 5 .0 6 .o 11. 0 

VI 62 225 287 10.2 9 .0 19 .2 

VII 26 107 133 6 . 9 8 . 1 15 .0 

VIII 38 75 113 9 . 4 6 . 9 10.3 

TOTAL 268 876 114Lr 58 .8 64.0 122 . 0 

N.C:A.IJ 33 .5 109.5 143.0 7.4 8.0 15 . i+ 
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