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INTRODUCTION:

During the last twenty years, anhydrous ammonia has been extensively 

used as a fertilizer, mainly in the United States, supplying nitrogen for 

a great variety of crops.

For the following reasons, ammonia would appear to be an attractive 

nitrogenous fertilizer:

(1) It contains 82.3% nitrogen and is thus the most concentrated 

nitrogenous fertilizer available. This means that one ton (2240 lbs.)

of the material contains 1844 lbs. N whereas only 773 lbs. of N are 

present in one ton of ammonium nitrate.

(2) Ammonia is easily synthesised by the Haber-Bosch process, where 

nitrogen is combined with hydrogen at elevated temperature and pressure. 

Air is the sole source of N used and hydrogen is obtained principally 

through the reaction of steam and air with carbonaceous materials such 

as coke, fuel oil, natural gas, and oil refinery gas. Therefore the 

raw materials can be cheaply available.

(3) During the post-war era, there was an ample supply of ammonia 

in the U.S.A, combined with a shortage of solid nitrogenous fertilizers. 

(Anon. 1958). The reasons for the above are (i) the ease with which

can be produced, and (ii) the expanded demand for fertilizers including 

N fertilizers.

Following from these three reasons, ammonia is the cheapest source 

of nitrogen. In 1952, in the U.S.A., the wholesale price of a unit (1.12 lb.) 

of N as anhydrous ammonia was 2.Id as opposed to 6.0d for (NH, ) SO,.
4 2 4 

Drysdale (1966) reported that anhydrous ammonia was the cheapest source 

of N in Britain at the end of 1965. The net price of 1 lb. N as 

anhydrous ammonia was 4.4d while 6.6d was the net price for each of the 

nearest rivals, i.e. (NH.) SO, and NH, N0o.
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(4) Ammonia gas can be easily liquefied, at normal temperature at 

a pressure of only a few atmospheres (200 Ib./sq. in.) and consequently 

not too expensive equipment can be used for containing the liquid gas.

(5) With modern industrial technology, the liquefied gas would be 

handled and applied with low hazards.

Shortly after the results of the first experiment, testing the 

fertilizer value of anhydrous ammonia, had been released by the Mississippi 

Agricultural Experiment Station in 1947, many fanners applied the material 

to a number of crops.

Since then, there has been a great increase in the amount of 

nitrogen applied as anhydrous ammonia; the amount increased to over 

1,000,000 tons in 1964-65 which accounted for 26.4% of the nitrogen used 

as straight fertilizer in the U.S.A. The 1967 production of ammonia, 

in the U.S.A, is expected to be double that of 1964 (Anon, 1965). 

Parr and Papendick (1966) reported that in 1966 anhydrous ammonia was 

the leading source of fertilizer nitrogen in U.S.A.

In Europe, over 2,000,000 tons of ammonia are expected to be 

produced by the 1970^s (Anon. 1965).

The pattern of the world nitrogenous fertilizer consumption shows 

that there is a trend towards a greater concentration of active nutrients 

in more concentrated fertilizers.

Anhydrous ammonia was introduced to the British farms in a 

commercial scale in 1965/66 (Drysdale, 1966). Since ammonia production 

does not depend on sulphur - as ammonia» sulphate does - a further rise 

in the price of imported sulphur (as already happened in 1966 - 

The Economist, 1966) might encourage the use of more anhydrous ammonia 

in Britain.
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Anhydrous Ammonia for Crops:

The possibility of using ammonia as a fertilizer was first 

suggested by Tiedjens and Robbins (1931), at the Idaho Agricultural 

Experiment Station. As a result of a series of experiments comparing 

the utilisation of ammonium and nitrate-nitrogen by plants, ammonium 

hydroxide was found to be a better source of nitrogen than either ammonium 

sulphate or calcium nitrate for tomatoes and soya beans. The above 

workers suggested that ammonia could be applied with irrigation water 

to various crops. Further investigations at the above experimental 

station during 1938 and 1939 showed that it would be profitable to apply 

ammonia to soils of low fertility. In 1938 anhydrous ammonia applied 

at 75 lb. of NHq per acre for potatoes, onions, sugar beety and beans 

resulted in an average increase of approximately 14^ over untreated plots 

(no nitrogen) (KLages, 1938). In 1939, ammonia was compared with 

animal manure on potatoes and wheat: 75 lbs. of per acre gave 

results comparable to those from 10 tons of sheep manure on potatoes 

and wheat (Toevs and Bakers, 1939)»

In these experiments the material was added to the irrigation

water. In 1939, Shell Chemical Corporation of the U.S.A, developed 

equipment with which liquid anhydrous ammonia could be injected into soil 

(Gull, 1950). In 1943, the Mississippi Agricultural Experiment 

Station carried out the first experiments to compare injected anhydrous 

ammonia with a number of solid nitrogenous fertilizers, including ammonium 

nitrate, on a number of crops including cotton and maize.

Since these first experiments a great deal of work has been

done in the United States and many other countries studying various

aspects of the use of anhydrous ammonia.



RESPONSE OF CROPS :

WHEAT :

Winter Wheat:

Olson, (1955) found that anhydrous ammonia applied in autumn

increased the yield of wheat by 10.0 bushels per acre as compared with 

no Nj the increase from ammonium, nitrate applied at the same time was

8.9 bushels and 10.2 bushels when spring applied. When both fertilizers 

were applied in spring, anhydrous ammonia gave a lower yield (a 5.3 

bushels per acre increase as compared with 9.3 from NO^).

Eck, et al (1957) found that anhydrous ammonia proved as effective 

(for yield production and protein content of wheat grains) as ammonium 

nitrate when both were applied in winter. In England, Jameson (1959). 

found no difference between anhydrous ammonia and ammonium sulphate applied 

in the spring. Sims (1961), in Australia, found that the two fertilizers 

(NH and (NH.) SO.) were equally effective in producing grain. In some
3 ' 2 4

cases ammonia gave slightly higher yield as compared with the solid 

fertilizer (37.4 bushels/acre compared with 35.4 for C1®^) S0^).

In other cases it gave slightly lower yield (57.6 and 58.8 bushels/acre 

respectively).

On the other hand, Burg and Brakel (1964) reported that anhydrous 

ammonia gave lower yields than NOj Ca C03 (ammonium nitrate- limestone) 

when both were spring applied. Burg et al. (1967) found that winuer- 

applied anhydrous ammonia produced lower yields than spring-applied 

ammonium nitrate-limestone. Ammonia suffered considerable loss by leachin,_., 

before the crop could utilize it. By the soring it was found that 80-90^ 

of the N applied as was leached to a depth of 80-100 cm. (32-W)”) 

from the soil surface. When was injected between wheat rows in the 

spring it also gave lower yield as compared with the solid fertiliser 

applied at the same time.
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Yields also increased as the rate of N, applied in a solid form., increased 

from 70 to 140 Kg N/ha (62 - 124 lb. N/acre), but decreasing yields were 

obtained when the rate of N, applied as anhydrous ammonia, was increased. 

Jeater (1966) found that NH^ NO^ gave higher yields than anhydrous 

ammonia, from 0.6 to 6.6 cwt/acre more when both fertilizers were applied 

in the spring. Data obtained by Jeater (1967) showed similar results;

anhydrous ammonia applied in the spring gave lower yields than NH, NO-4 3
applied at the same time. However, there were two cases out of five 

where ammonia gave greater yields compared with the solid fertilizer.

In all cases where anhydrous ammonia was applied just before sowing 

it gave lower yield than the spring-applied NH. NO-.

It was agreed that mechanical damage, to wheat plants, caused by 

ammonia applicators and tractor wheels was partly responsible for lower 

yield .from anhydrous ammonia compared with solid nitrogenous fertilizers 

(Jameson, 1959; Burg and Brakel, 1964; Burg gt al., 1967; Jeater,1967)• 

They reported that mechanical damage could cause a considerable decrease 

in grain yields. Burg et al. (1967) found that injection tines damaged 

the root system of the plants. Tractor wheels also caused mechanical 

damage to the plants. The reduction in grain yield due to damage caused 

by tines was 9.6% in the injection area; in the wheel-pa th area the 

reduction was 18.9%. However, Jeater (1967) reported some cases where 

mechanical damage was slight and Andrews (1956) reported that it could 

be negligible.

Scorching to plant roots by anhydrous ammonia could also be 

responsible for the lower yields (Burg et al., 1967)* They found 

that the decrease in yields obtained from an increase in N applied as 

anhydrous ammonia, compared with increasing yields from NH^ NO Ca CO^ 

suggested that root damage caused by an excessive concentration ammonia, 

could contribute to the lower yields obtained.
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Spring VJheat:

Anderson (1955) in the U.S.A, found that winter-applied ammonia 

gave similar yields to those from spring-applied ammonium nitrate. In 

England, data obtained by Jeater (1967) showed that on some occasions, 

anhydrous ammonia gave higher yields than NH^ NO^, while on others it 

gave lower yields when both fertilizers were applied at the same time.

In Holland, Burg et al. (1967) found that winter-and spring- 

applied anhydrous ammonia gave higher yields than spring-applied

NO^-Ca C0y This was attributed to dry weather after application 

which gave advantage to the injected ammonia making it more accessible 

to plant roots than the solid fertilizer, as there was not enough rain 

to carry the latter from the soil surface to the roots. However, 

Burg et al. stated that an application of ammonia in winter could be 

risky as it could be leached out if wet weather followed.

OATS:

Results obtained were similar to those from wheat experiments.

For autumn-planted oats, Hammons (1947) found that anhydrous ammonia gave 

higher yields than NH^ NO^; the solid fertilizer was applied in the 

spring while the liquid anhydrous ammonia was split in two applications, 

the first half before sowing, the second in the spring. However, when 

it -was injected in one winter application anhydrous ammonia gave higher 

yields in one experiment and lower yields in another. Orth aL. (1950) 

found that NH. N0„ proved better than NH_. Both fertilizers were 

spring-applied; while anhydrous ammonia gave no increase in yield compared 

with a no N control, NO^ gave 9.5 bushels more per acre. Yields

from NO^ plots which had been cultivated with the anhydrous ammonia 

applicators gave only 5.6 bushels/acre increase. The latter, smaller 

increase was attributed to the mechanical damage caused by applicators
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applicators/
and tractor -wheels on the plants. In another study, however, 

Qrth and Jackson (1950) reported a superiority of anhydrous ammonia over 

ammonium nitrate, in grain yields. Both fertilizers were applied when 

the plants were 3» high. Mechanical damage occurred, but plants recovered 

soon afterwards. The reason for superiority was attributed to several 

weeks of dry weather following fertilizer application. Hera et al. (1961) 

and Burg et al. (1967) reported similar results showing that anhydrous 

ammonia gave higher yields than NH^ NO^. Mulder (1953) reported that 

on clay soils anhydrous ammonia, applied before sowing, gave lower yields 

than NO^- Ca CO^ and (NH^) 80^ applied at the same time while on 

the other hand, the three fertilizers were equally efficient on peat and 

sandy soils. Fabian (1957) reported that oats proved the best cereal 

for utilizing nitrogen from anhydrous ammonia.

For forage yields, Blue and Eno (1957) found that anhydrous ammonia

applied to limed soil of pH 6.0 gave a greater yield than NH^ N0^.

However, it was NH^ NO^ which gave greater yield on acid soils. There 

was a greater recovery of nitrogen fron NH^ as opposed to NH^ N0^ in 

limed soil; 44.2% N was recovered from while 33.5% was recovered 

from NH, N0„.4 3
MAIZE:

Andrews et al. (1949) found that anhydrous ammonia, applied before 

sowing or between maize rows after planting gave similar or considerably 

greater yields than ammonium nitrate applied at the same time; ammonia 

gave 16.2 bushels/acre compared with 13.1 from NH^ NO^. Andrews (1954) 

reported that anhydrous ammonia applied between rows gave an increase 

over the control of 10 bushels per acre while NH^ NO^ gave 7 bushels.
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This was attributed to lack of sufficient rain to carry the NH, NO
4 3

into the root zone; when NH, N0„4 3 was applied in winter or spring at

the same depth as the anhydrous ammonia, similar yields were obtained

Hera et al. (1961) and Hanishevskii and Vlasova (1963) reported similar 

results showing that anhydrous ammonia can give higher yields than

®4 ^3* Parr an^ Papendick (1966) in their greenhouse experiment found 

that anhydrous ammonia gave smaller yields when compared with ammonium 

sulphate and potassium nitrate when applied at planting, when applied

4 weeks before planting the three sources gave similar yields. Compared 

with urea and NH^ NO^, anhydrous ammonia gave lower yields when each 

fertilizer was split in 5 equal applications one week between each 

application; maize was planted at the end of the first week.

OTHER CEREALS:

Anhydrous ammonia was found to cause lodging of barley compared 

with (NH, ) SO, (Kashtanova., 1964). For pearl millet. Blue and Eno (1957) 
4 2 A- 

found that, on limed soil, anhydrous ammonia gave higher yield than 

ammonium nitrate, while on acid soils it gave a lower yield. Chang (1950) 

and Govinda and Venkata (1957) reported that there was no difference 

between anhydrous ammonia and (NH,) SO, on the yield of rice.
4 2 4

SUGAR CROPS:

Sugar Beets:

Anderson and Purvis (1953) reported that anhydrous ammonia could 

be applied as a supplementary N fertilizer for sugar beet. In 

Czechoslovakia, Fabian (1957) reported that anhydrous ammonia gave an 

increase in root yield of 11.3^ over (NH,) SO, and NH, NOo-Ca CO^; each 

fertilizer was applied at a rate of 22.25 16. N/acre either before or 

after singling plants.
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At 44-5 lb. N/acre anhydrous ammonia gave less yield when applied before 

singling than when applied after. Jameson (1959) reported that there 

were no significant responses in root yield to either anhydrous ammonia 

or ammonium sulphate, over the control yield. However there was an 

increase in the yield of tops over the control; the liquid and solid 

fertilizers were similar in this respect.

Data obtained by Jeater (1967) showed that anhydrous ammonia 

applied before sowing gave higher yields of roots than when applied after. 

Compared with Nitram (NH^ NO^), anhydrous ammonia gave similar yields when 

both were applied before planting. Work done by Davidescu and Hera (1964) 

and' ^¿6^1 .(4953) showed no difference between anhydrous ammonia and 

solid fertilizers. Hera et al.(1961) obtained an increase in root yield 

of 20% with ammonia as compared with NH, NO .
4 3

Sugar Cane:

Andrews et al.(1951) reported that anhydrous ammonia often gave 

yields equal to, and sometimes greater than NH, N0„ in the U.S.A.
4 3

In India, Govinda and Venkaka (1957) found that ammonia at SO Ibs/acre

gave 33.7 tons of sugar cane per acre and (NH. )
4g

In Taiwan, Wang and Yeh (1955) reported that it 
S0^ gave 31-5 tons, 

gave yields similar to
those of calcium cyanamide (Ca CN^). Similar results were obtained by

Davidson (1963).

POTATOES :

Mulder (1953) in Holland found that anhydrous ammonia gave yields 

similar to those of (NH^) S0^ and NH^ NO^rCa C0„ at rates of 27, 54, 

81, 108, 135, and 162 lb. N/acre. On soils poor in available K, he found 

that in some cases NH^ NO^- Ca CO^ gave higher yields than ammonia.

Potato plants treated with ammonia showed pronounced symptoms of potassium 

deficiency compared with those treated with NH, N0o- Ca C0o
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Lorenz et al.(1954) showed that application of part of the nitrogen

as (NH.) SO. at planting and the remainder as anhydrous ammonia at 
4 2 4

4 3 3

emergence resulted in practically the same yield as applying all the 

nitrogen in the form of (NH.) SO. at planting. Lorenz et al. (1955) 
4 2 4

reported that anhydrous ammonia at 90 lb. N/acre gave similar yields 

to (NH, ) SO, when both were applied at planting. At 120 lb. N/acre, 
4 2 4

anhydrous ammonia - applied in 2 dressings, one half at planting, the 

other half a week after emergence, - was as efficient as (NH^) S0^ 

applied at planting. In Holland, Burg et al. (1967) reported that 

anhydrous ammonia injected in mid-March gave much higher yields than 

NH, N0„ - Ca C0o anplied at about the same time. However, injection 

5-9 weeks before planting resulted in a lower yield when compared 

with NH, N0o- Ca C0o applied 1-3 weeks before planting. But when both 

fertilizers were applied at the later date (1-3 weeks before planting) 

ammonia gave higher yields. Data obtained by Jeater (196/) in England 

showed that NH^, applied before planting, gave slightly higher yield 

than when applied after; however it gave yields equal to or slightly 

lower than those from the solid NH^ N0^ when both were applied before 

planting. Hanishevskii and Vlasova (1963) and Fabian (19571 reported 

that anhydrous ammonia and NH, NO, were equally effective for potatoes.

GRASS:

ammonia

Jameson

In England, Hunter and Jarvis (1953-54) found that anhydrous 

was less efficient than ammonium sulphate on permanent grass-land. 

(1959) reported that the differences between the yields of dried

grass with anhydrous ammonia and those with (NH^) 60^ and with Nitrochalk 

(NH, N0„ - Ca C0o) were - 5.6 to - 4.4 cwt./acre respectively.
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in Holland, Mulder (19531 reported similar results. He compared anhydrous 

ammonia with three solid nitrogenous compounds: (NH^) SO^ » NO^- Ca CO , 

and Ca (NO^). Anhydrous ammonia gave the lowest yield over 2 cuts.

He concluded that anhydrous ammonia was a poor nitrogenous fertilizer and 

postulated that, as there was no indication of losses of nitrogen as 

gaseous ammonia, it should eventually be available to the grass. He 

considered that the delay in availability is a great disadvantage in an 

intensive agricultural system. Scholl et al.(i960) found that the total 

yield over 3 cuts throughout the season were significantly less with 

anhydrous ammonia (1800 Ib.d.m. grass per acre) than with ammonium 

nitrate (2000 lb. d.m. grass/acre). In the first cut ammonia gave the 

lowest yield and this was in agreement with finding by Mulder (1953). 

In the third cut NH^ gave a significantly higher yield - 1166 lb. d.m. 

grass/acre - than N0^ - 1078 lb. d.m. grass/acre. However the 

increase in yield from anhydrous ammonia over NH, N0„ at the third cut 
4 3

was not enough to compensate for the difference between the yields of 

the two fertilizers at the first cut. Data obtained by Jeater (196?) 

showed that on no occasion did anhydrous ammonia give so much yield as 

ammonium nitrate. NH^ NO^ was applied at 270 units N/acre in a number 

of dressings while anhydrous ammonia was applied (i) all in autumn or 

(ii) all in spring or (iii) in a number of dressings. While the total 

yield of dried grass over 4 cuts was 98.4 cwt./acre with NH^ N0^> anhydrous 

ammonia gave 65.9 cwt/acre when applied in autumn, 83-4 cwt./acre when 

applied in spring, and 88.2 when applied in a number of dressings. This 

also indicated that ammonia resulted in a better response when applied 

in the spring than when applied in autumn.
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Jeater (1966) found that NH^ NO^ gave significantly greater yield 

4 cuts than anhydrous ammonia where both fertilizers were applied 

2 equal dressings at 67 and 135 lb. N/acre, the first application 

in March and the second in May, and after each application 2 cuts

over

in

was

were
taken. Yields from anhydrous ammonia at the cuts immediately following 

application, i.e. cut 1 and cut 3 were significantly lower than those 

from NH^ NO^. The reverse was true at the second cuts (i.e. cuts 2 

and 4); the increases in yield brought about by anhydrous ammonia at 

cuts 2 and 4 were not sufficient to compensate for the increase from 

NH^ NO^ at the first cuts which agrees with Scholl et al. (i960) results, 

bihen anhydrous ammonia vias applied in one single application in the 

spring and NH^ NO^ in three split applications throughout the season 

anhydrous ammonia again gave less total yield over 3 cuts: NH, N0„ 
4 3

gave an increase of about 10% over anhydrous ammonia. In a third trial, 

the same investigator applied the liquefied gas in the autumn while the 

solid fertilizer was applied either in the spring or in the autumn. Both 

fertilizers gave similar yields over 3 cuts when NH, NO was applied in 

the autumn but when applied in the spring it gave significantly higher 

yields than anhydrous ammonia. Frame (1967) in Scotland, found that 

there was little difference in total annual yield over 4 cuts between

anhydrous ammonia and

His data showed that, 

than NH, N0o- Ca C0„. 4 3 3

NH^ NO^-Ca CO^, both were applied in the spring, 

in many cases, ammonia gave higher total yields

He reported that the initial development of

the grass was slowr with ammonia compared with NH, N0o-Ca C0„. 
4 3 3

Burg and Brakel (1965) showed that NH, NO„-Ca CO^ gave greater yield 

than anhydrous ammonia; the solid fertilizer was applied in a number 

of dressings, all the liquid fertilizer xvas applied in the spring.
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Burg and Brakel (1964) reported that, at each of 2 cuts, yields from 

anhydrous ammonia were less than those from NH,NO„-Ca CO^. Caunin 4 3 3 --- c—
in France found that best results with anhydrous ammonia was obtained 

at a rate of 200 Kg /ha (ISO Ib/acre) of N at a depth of 2« - 6«.

The slicing effect of the applicators on grass turf is a probable 

factor contributing to the lower yield from anhydrous ammonia.

(Jameson, 1959; Mulder, 1953; Scholl gt al., I960; Burg and Brakel, 1964;

Jeater, 1967). Scholl et al. (i960) stated that the uprooted turfs 

of grass were unable to re-root, in many cases, because the soil, in the 

cracks, had dried out. Jameson (1959), Jeater (1967), and Mulder (1953) 

attempted to assess the effect of the applicators alone on grass yield. 

Jameson (1959) showed that, in some cases, yields from plots cultivated 

with the applicators were as much as 9.4 cwt/acre less than untreated 

control plots. This was in agreement with the findings of Mulder (1953) 

who reported that mechanical damage alone could reduce yield by as much 

as 30% (relative to the control). However, Jeater*s data (1967) showed 

no difference between the treated and the untreated controls. The extent 

of the mechanical damage seems to be a function of the soil moisture 

content at the time of application. Jeater (1966) found that, because 

the soil was too wet, considerable damage was caused by both the injection 

tines and the tractor wheels. Mulder (1953) in Holland stated that under 

Dutch conditions, grassland had to be relatively dry before the injection 

tines could be employed and this was particularly true for clay soils. 

He found that, under wet conditions, the turf was easily damaged, resulting 

in lower yields. Jameson (1959 observed that mechanical damage to 

swards by tractor wheels in the 1957 season was less than in 1956 due 

to the land being softer in 1957 because of a higher rainfall that year.
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The uptake of nitrogen from anhydrous ammonia was less than from 

solid nitrogenous fertilizers (Scholl et al., I960; Mulder, 1953). 

Scholl et al., (i960) found that in the year of application 40?? of the 

applied N as NH was recovered and a further 26% in the second year. 

With NH^ NO^, 48% of the nitrogen was recovered in the first year and 

35% in the second year. Mulder (1953) reported that the rate of uptake 

of nitrogen was slower from injected ammonia than from (NH.) SO, , 
2

NH^ NO^ - Ca C03, and Ca (NO^)^. He attributed the lower uptake of N 

from NH^ to the inability of grass roots to remove nitrogen from the 

10 cm. (4.5”) depth beneath the soil surface, i.e. the depth of injection, 

because of the absence of penetrating oxygen caused by relatively wet 

turf.

OTHER CROPS:

Campbell (1950) found that, in one season, anhydrous ammonia 

produced slightly , but not significantly higher yields of cabbage than 

either NH^ NO^ or Na NO^; all fertilizers were applied at the same 

date. While NH^ gave 8.3 tons of cabbage per acre, NH^ N0o and Na NO^ 

produced 8.1 and 8.0 tons respectively. However in the following 

season the solid forms produced higher yields than anhydrous ammonia. 

This was attributed to the NH^ being applied one month after the solid 

fertilizers. With tomatoes, the same worker found that anhydrous 

ammonia gave yields similar to those produced by the 2 solid fertilizers; 

when NH^ was applied 6M deep for tomatoes, it gave significantly higher 

yields than when applied 4” deep. All fertilizers were applied at the 

same date. For beans, ammonia produced a slightly, but not significantly .

lower yield - ISO bushels per acre - than ammonium nitrate - 184 bushels.
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Fabian (1957) reported that anhydrous ammonia gave slightly higher 

yields of turnips (a 1.1% increase compared with ammonium sulphate and 

^4 ^3~ when all the three fertilizers were applied at the

same time. Anderson and Purvis (1953) recommended anhydrous ammonia 

for supplying additional nitrogen to beans, lettuce and cucumber during 

the growing season.

Dallyn and Sawyer (1964) reported that anhydrous ammonia was less 

efficient than NH^ NO^ for rye. They found that when both fertilizers 

were applied either in autumn or in spring, NH. N0q gave higher yields 

than NH^. They attributed the difference to the high NH^-filing 

power of the soil and to the method of placement which prevented 

appreciable lateral spread of the nutrient. This was obvious, they 

reported, from the alternate bands of light and dark green foliage. 

They concluded from 3 years experimentation that NH, N0o was better 

than anhydrous ammonia for rye under the condition of the experiment. 

With Cotton, Andrews, (1956) and Andrews et al., (1951) reported that 

cotton responded better to anhydrous ammonia than to NH, N0„.
4 3

According to Andrews (1956) experiments in Mississippi showed that 

was the best fertilizer for cotton-seed production followed by

NH. N0q, Na N02, (NH,) SO. , and Ca CN„.
¿J. • "i /1/1' J
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EFFECT ON PLANT:

When anhydrous ammonia comes in direct contact with plant tissues,

especially leaves, it causes scorch. Andrews et al.,(1951) reported 

that cotton and maize leaves were killed when they came in contact with

fumes during application, but buds were not affected. Hunter and 

Jarvis (1953-1954) reported that no harmful effect was observed on 

marrow stem kale when anhydrous ammonia was applied at rate of 377 lb. 

N/acre down the line of the drill before sowing. Lorenz et al.,(1955) 

applied anhydrous ammonia to potatoes at planting and found that it 

caused damage to roots. Grogan and Zink (1956) found that NH^ OH 

(5 - 20^ N) and fertilizers evolving free ammonia caused damage to 

lettuce roots when applied at 160 and 320 lbs N/acre. The damage to 

roots was initially a discoloration of the central xylem and in some

cases when the NH. OH was injected in the root zone, roots were killed. 4
Chalmers (1956) found that the growth of ryegrass was retarded for six:

weeks after seeding when ammonia was applied at sowing. Cooke (1962) 

in laboratory studies found that maize seedlings were damaged by anhydrous 

ammonia. NH^ was injected in the centre of each pot at 2 rates, 70

and 700 lb. N/acre, either at sowing or 2 - 5 days 

rate caused damage to seedlings which were near the 

the high rate produced severe damage which was more 

later. The low

centre of the pot;

obvious at the centre

of the pot than at the edges. Germination was reduced to about 50/.

Damage symptoms were short roots with a scorched tip. When the high 

rate was applied 5 days after sowing damage was seen along the whole

length of the roots which became thin and limp and some plants were 

killed. However 42 days later the surviving plants were still growing 

and showed no symptoms of damage but they were smaller with more reduced

root systems than those of the control.
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Similar results were obtained by Allred and Ohlrogge (1?64) when they 

exposed germinating maize to ammonia at vapour pressure as low as 0.125 mg Hg 

for 2 days during the initial stages of germination. It became toxic 

even at lower levels of application when the exposure time was increased. 

Also Hunter and Rpsenau (1966) reported that ammonia gas inhibited maize 

germination. Parr and Papendick (1966) reported similar results.

However, Colman (1966) found no evidence of anhydrous ammonia 

affecting germination of oats when the seeds were sod—seeded in the drills 

made by anhydrous ammonia injectors. Ammonia injection and oats seeding 

were carried out simultaneously.

Jameson (1959)found that ammonia fumes emerging from behind the 

injection tines caused damage to leaves of grass, wheat, and sugar beet. 

But when improved applicators were used, to get better sealing off of 

ammonia, no scorch was seen. Blue and Eno (1954) stated that the scorching 

effect of ammonia fumes on grass swards was shown by the chloratic appearance 

of grass along the injection line and the symptoms were continuous along 

the line at the high rate (25Ô lb. N per acre) while they were intermittent 

at lower rates 5# and 115 lb. N/acre). However, there was no evidence 

that whole plants were affected or root injury or toxicity.
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EFFECT ON SOIL :

SOIL STRUCTURE:

There is some evidence that anhydrous ammonia affects soil 

structure. Gifford and Strikling (1958) found that application of 

anhydrous ammonia increased soil-aggregate stability. In field and 

laboratory experiments, anhydrous ammonia was applied at a rate equivalent 

to 200 lb. N/acre to three soils (i) loam, (ii) silty loam, and (iii) sandy 

loam. The soil-aggregate stability was reduced at first then increased 

as the soil pH decreased. Part of the organic matter was dissolved by 

the NH, OH which resulted from the combination of NH„ with water. As 

the soil pH decreased, the dissolved organic matter was precipitated 

to form bonds between soil particles. The increased stability was also 

attributed to the possible formation of new binding compounds as a result 

of alkaline hydrolysis and a reaction between NH and organic matter.

This was in agreement with finding by Smith (1954) who postulated that 

the organic matter dissolved in NH OH formed a protective skin around

the soil aggregates. Duchaufour (1958) found that use of anhydrous 

ammonia resulted in the decomposition of large amount of organic matter 

in acid forest soils. It caused a stickiness in the soil and pockets 

of infiltrated organic matter were found in the mineral horizons.

Jenny et al., (1945) found that ammonia acted as a deflocculating agent 

in acid soils and decreased the rate at which water percolated through 

the soil. In natural and alkaline soils it had no effect.

SOIL pH:

Ammonia injected into the soil is dissolved in the soil moisture 

giving NH. OH, a weak alkali, which causes an immediate increase in the 

pH particularly in the centre of the injection zone; but as the ammonium 

ions undergo nitrification, the pH decreases.
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(Linke and Fiedler, 1966; Mulder, 1953; Odelien and Bjorkum, 1954; 

McDowgll..and Smith, 1958; Eno and Blue, 1957). McDowell and Smith (1958) 

found that the pH could rise to 8.8 from an initial pH of 6.0 after 

applying anhydrous ammonia at 100 lb. N/acre. 8 weeks later the pH 

had dropped to 5-1. Eno and Blue (1954) reported similar results;

38 days after application the original soil pH of 5.6 had been 

re-established and on the 56th day the soil pH was 5.3. McIntosh and 

Frederick (1958) reported that on one occasion an initial pH of

6.1 - 6.5 reached 10.1 immediately after NH^ application (120 lb. N/acre) 

and seven months later it had dropped to as low as 5.6. Odelien and

Bjorkum (1954) found that the pH fell during nitrification after the 

initial rise upon NH^ application and gave the original pH after 11 - 2 

months. Hanishevskii and Vlasova (1963) stated that regular application 

of anhydrous ammonia resulted in an eventual decrease in the soil pH 

to the same extent as NH^ N0y Mulder (1953) stated that on sandy 

soil (NH^) S0^ gave an eventual pH of 5.7 - 5.8, at the end of the 

potatoes season, compared with 6.0 - 6.1 of soils fertilized with anhydrous 

ammonia. On peat soil the pH values at the end of the season were 5-8 

and 5.6 with NH„ and (NH.) SO. respectively. 
3 42 4

SOIL NUTRIENT STATUS:

Stanley and Smith (1956) found that anhydrous ammonia did 

not affect the exchangeable Ca concentration (extracted with neutral N 

ammonium acetate). However, the ’available’ Ca concentration (extracted 

with 0.005 N HC1) was reduced. 2 months after NH^ application, 

exchangeable Ca concentration of the treated soil was equal to that of 

the untreated one. While the ’available’ Ca in the treated soil was 

312 ppm, it was 590 ppm in the untreated one.
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This was attributed to the high concentration of ammonia protecting the 

more tightly-held Ca on the soil colloids from removal by the 0.005 N HC1. 

Wolcott et al. (1965) reported that the use of anhydrous ammonia resulted 

in a loss of exchangeable Ca and Mg. While exchangeable Ca found in 

the no-nitrogen plots was equivalent to 1407 lb./acre the amount in the 

anhydrous ammonia plots was 1139 lb./acre. In the case of Mg the figures 

were 193 lb./acre and 118 lb./acre respectively. Fox et al. (1952) 

found that NH.-ions caused a marked decrease in the exchangeable Ca and Na. 4
Exchangeable Ca was decreased from 14.5 me/100 g soil to 11.6 me/100 g 

soil. But exchangeable K and Mg were hardly affected. Nicol (1953) 

stated that the use of anhydrous ammonia would result in a loss of soil 

bases. Du Plessis and Kroontje (1966) treated base-saturated clays 

with ammonium hydroxide in the presence of CO^ and found that Ca and Mg 

were precipitated as highly insoluble Ca and Mg carbonates.

James and Harward (1964) found that anhydrous ammonia caused a 

dehydration of exchangeable cations adsorbed on the exchangeable surface 

of clay minerals. Two clay minerals, montmorillonite and bentonite 

were saturated with Ca, Mg or Al cations; and in each of those systems 

the exchangeable cations were dehydrated when treated with ammonia.

Stanley and Smith (1956) found that there was little loss of

*available* K upon using anhydrous ammonia. In treated soil, the 

»available* K concentration (extracted with 0.005 N HC1) was 7.9 PP® 

whereas it was 8.3 in the no nitrogen treatment. The small effect of 

ammonia on the soil K was attributed to the high concentration of 

NH.-ions, some of these replaced some K-ions so that the latter were 
more loosely held by the soil and became more active. Jenny et al. (1945; 

stated that anhydrous ammonia would increase the activity of soil K.
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Data published by Wolcott et al.(1965) showed that the exchangeable 

K concentration was increased slightly 2 years after anhydrous ammonia 

had been applied for 3 successive years; exchangeable K in the treated 

plots was 336 lbs. K/acre while it was 303 in the controls.

Welch and Scott (1961) found that ammonium ions decreased the a van 1 ahi 1 -i ty 

of the non-exchangeable K. They postulated that NH.-ions blocked the 4
replacement of non-exchangeable K by other cations. They concluded, 

however, that such an effect is a short lived one since ammonium ions 

undergo nitrification.

Stanley and Smith (1956) found that anhydrous ammonia increased 

the concentration of available phosphorus (extracted by 0.005 N HC1). 

Untreated soil contained 25 ppn of available Pn0r while the treated 2 5
contained 42 ppm (determined at the point of injection of ammonia 

2 months after application). The content was 35 ppm in the zone 

6” from, the point of ammonia injection. They stated that this increase 

in phosphorous availability was due to the conversion of some calcium 

phosphate to the soluble ammonium phosphate. They stated that this 

would be of little practical use as the zone affected by that change 

is only a small portion of the root-feeding zone.

Jenny et al., (1945) stated that the alkalinity brought about 

by anhydrous ammonia application would, temporarily at least, decrease 

phosphorous availability. The solubility of calcium phosphate becomes 

less as alkalinity becomes greater. Judging from yields of Sudan grass, 

Chapman (1936) concluded that ammonium hydroxide resulted in an increase 

in phosphorous availability. Compared with Ca (NO^g, ammonium hydroxide 

gave a significant increase in growth in a low phosphate soil. He 

concluded that because of the eventual decrease in soil pH, phosphorous 
may become more available in calcareous soils. McDowell and Smith (195$) 

found that a considerable increase in available manganese occurred as a



-22-

occurred as a/
Kisult of lowering the soil pH through the continuous use of anhydrous 

ammonia. They found that the manganese concentration in the treated 

soil was 5-6 times that found in soils receiving no nitrogen; pH which 

was 6.0 before treatment reached 5.1 eight weeks after application.

SOIL MICRO ORGANISMS:

The high concentration of ammonia in the retention zone of the 

soil immediately after anhydrous ammonia application was found to bring 

about a marked change in the microbial population of the soil in the 

retention zone (Eno and Blue,(1954)» Eno et al., 1955).

Eno and Blue (1954) found that the number of bacteria first 

decreased and then increased after application. The number of bacteria 

found in the treated soil was less than that of the untreated one by 
2 x 10^/g oven dry soil on the day of ammonia application at the point 

of injection. However, by the 31st day after application it was greater 
by 1 x 10 ^/g soil than in the untreated soil. However, the change in

fungus population did not take the same pattern as that of the bacteria. 

The number of fungi suffered a decrease that was not reversed, the number 

of fungi was reduced at first, upon treatment, then it increased afterwards, 

but never reached the number in the untreated soil even 38 days after 

application. On the day of application, the number of fungi in the 

treated soil was less than that of the untreated by 15,000/g oven dry 

soil while on the 31st and the 38th day after application the figures 

were 6,670 and 20,000 respectively. The actinomycetes underwent the 

same pattern of change as that of bacteria.

Eno et al., (1955) reported similar results. They found that 

the number of fungi and nematodes was reduced at all levels of aramoniacal 

nitrogen application from 136 to 741 ppm. Compared with the untreated 

soil, only 0.6% of nematodes and 4-9% of fungi survived when 608 ppm 

ammoniacal nitrogen were applied.
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The reduction in both nematodes and fungi was greatest above 365 ppm 

Some plant-parasitic nematodes suffered a continuous decrese 

after applying NH^. Trials in Czechoslovakia (Fabian,1957) showed 

that bacteria which resist alkalinity had multiplied 6-25 times by 

the tenth day after ammonia application.

However, it was agreed (Eno and Blue, 1954; Eno, et al., 1955) 

that although, according to these studies, anhydrous ammonia could have 

an effect on the soil microbial population, such an effect was likely 

to be of little practical value. This is because the change occurs 

within the retention zone of anhydrous ammonia in the soil which forms 

a very small portion of the ploughed layer.
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RETENTION of ANHYDROUS AMMONIA:

When liquid anhydrous ammonia is released into the soil 

its retention is governed by various factors. These are: 

(i) SOIL MOISTURE:

McDowell and Smith (1958) found that the greatest retention 

of ammonia in a certain soil occurs at the optimum soil-moisture 

content for cultivation. When the available moisture content of 

a silty loam was 2%, 11.7% of the ammonia applied at 100 lb. N/acre 

was lost whereas only 1.4% was lost when the moisture content was 17%. 

Suanley and Smith (1956) found that anhydrous ammonia applied at 

100 lb. N/acre on a silty loam suffered considerable loss when the 

moisture content was either too high or too low. At the optimum 

moisture content of 15% the loss was as small as 1%, 36 hours after 

application. At 2% moisture content, about 12% was lost, the greatest 

part of which occurred during the first hour after application. In the 

same soil at field capacity, (moisture content 23%), the loss was as 

much as that from the dry soil. However, when the depth of application 

was increased from 3” to 6» losses of 12% and 13% from wet and dry soil 

respectively decreased to about 4% and 3%. Baker et al. (1959) 

reported a loss of 0.001% from anhydrous ammonia applied at 257 lbs. N/acre 

on fine sandy loam when the moisture content was 18% On silty loam 

soil at moisture content of 24% losses were nil. Jackson and Chang (1947) 

reported that moisture content had little effect on ammonia retention 

of silty loam soil. In laboratory work they found that the loss of 

ammonia applied at 600 lb. N/acre was nil when the moisture content was 

lp«3/e, while it was only 1.7% when the soil was air—dry.
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However, their data showed that, on a sandy soil, losses were as 

much as 90% at air-dry moisture content and 9.9% at 7.7% moisture 

content. They concluded that, under optimum moisture content for 

cultivation, losses from applied anhydrous ammonia would not prevent 

its economical use. This was in agreement with findings by Baker et al. (1959) 

who concluded that application losses from anhydrous ammonia at practical 

rates, to soils at optimum moisture content, were negligibly small.

(ii) SOIL TEXTURE:

The amount and type of colloids in the soil have a great effect 

on ammonia retention by the soil. McDowell and Smith (1958) found that 

losses of anhydrous ammonia from sandy soil applied at 100 lb. N/acre 

were greater than those from silty loams and clay soils. On a sandy 

loam, the loss of anhydrous ammonia applied 3” deep was 12%, as compared 

to 1.4% from a silty loam and 0.15% from a clay. At lower moisture 

contents and deeper application, the losses were 8.8%, 0.8% and 0.09% 

respectively. They stated that the higher cation exchange capacity 

and the greater specific surface area of the heavier soils have a pronounced 

effect on their capacity for ammonia retention. They reported that, 

even if other factors may be favourable for ammonia retention, the 

relatively low cation exchange capacity of sandy soils may result in 

losses as high as 20%. Jackson and Chang (1947) found that sandy soils 

could retain a reasonable amount of anhydrous ammonia if they contained 

enough clay and organic matter. A sandy soil containing 6.0% clay 

and 0.5% organic matter retained about 80% of the N applied as anhydrous 

ammonia at 600 lb. N/acre. Stanley and Smith (1956) also found that 

increasing clay content raised the retention capacity for ammonia. 

Losses from an air-dry silty loam were 1.3% whereas they were as high 

as 10% from air-dry sandy soil.
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Data obtained by Blue and Eno (1954) showed that two sandy soils of 

different cation exchange capacities differed in their capacity for 

retaining anhydrous ammonia. The one with a cation exchange capacity 

of 5.6 me/100 g retained about three times as much ammonia as the other 

which had a cation exchange capacity of 3.0 me/100 g. Govinda and Venkata 

(1951') found that losses of applied anhydrous ammonia on a sandy loam 

were too small to cause serious concern. Mortland (1958) reported that 

peat soil adsorbed more ammonium than bentonite or kaolinite.

(iii) SOIL pH:

A low pH would favour greater retention of ammonia, as gaseous 

NH^ could combine with H’ ions adsorbed on the soil colloids surface 

forming NH^ ions, this is in addition to the process whereby NH. ions 

brought about by -the solution of NH^ in soil moisture displace other 

cations on the soil colloids surface. On soils of high pH retention 

of NH^ would depend upon the nature of the bases adsorbed on the soil 

colloids, NH^ would be more easily retained by Na clays than by Ca ones 

since Ca cations are held more strongly than Na on the soil exchange 

surface. Data obtained by Jackson and Change (1947) showed that air-dry 

soil retained less NH^ at high than at low pH values; for example a 

silty loam of pH 6.4 retained 98.3%, when the same soil was limed to 

raise the pH to 7.6 it retained 93.6% and when Na C0„ was added to the 

soil to bring the pH to 10.5» 80% of the applied anhydrous NH^ was retained. 

However, at field moisture contents of 15.3%, 18.9%, and 15.9% respectively 

no loss occurred from ary of the soils.

Sohn and Beech (1958) found that the retention capacity of organic 

soils is related to their pH. When the pH is low, retention capacity 

is increased. An organic soil of pH 4.9 retained considerably more 

ammonia than one of pH 6.1.
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With mineral soils, however, they found that the high pH values did 

not prevent the soils retaining high amount of ammonia. A sandy loam 

of pH 7.3 collected from a limestone area sorbed 7.02 me of ammonia 

per 100 g soil, which is equivalent to 1965 lb. N/acre.

Brown and Bartholemew (1963) reported that saturation with 

potassium resulted in a decrease in the amount of anhydrous ammonia 

retained. Litvinov and Yanishewskii (1962) found that application of 

anhydrous ammonia to freshly-limed podzolic soils should be deeper than 

usual in order to decrease losses. Mortland (1958) reported that 

hydrogen bentonite adsorbed more ammonia than both Ca- and Na- 

saturated bentonite. Blue and Eno (1954) found that a loamy sand 

of pH 7.4 held approximately as much anhydrous ammonia as when the pH 

was 6.0.

(iv) DEPTH OF APPLICATION:

McIntosh and Frederick (1958) found that losses by volatilization 

may occur if the point of anhydrous ammonia injection is too near the 

soil surface. They suggested that a depth of 6" would provide a suitable 

retention zone for subsequent movement. McDowell and Smith (1958) 

reported that, on a silty loam, losses of NH^ when injected at 3” depth 

were more than twice those injected at 6” on an air-dry soil. Losses 

from an air-dry sandy soil were reduced from 18.1% to 8.8% and on an 

air-dry silty loam from 11.7% to 5.1% upon increasing the application 

depth from 3” to 6”. They suggested that the liquid gas should be 

placed deeper than 6” in sandy soils. Stanley and Smith (1956) found 

that considerable losses occurred when ammonia was applied at 3” - 4” 

depth on a silty loam.. Losses from air-dry soil (2% moisture content) 

were 12%, 4.3%» and 0.3% when application depths were 3", 6n, and 9”.
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On wet soils (23% moisture) losses followed the same pattern (13.^, 

1.6^, and 1.4% respectively). However, when moisture was between 

12% and 18% losses were only about 2% at all depths of application. 

Hanishevskii and Vlasova (1963) reported that losses were prevented 

altogether when the anhydrous ammonia was applied at depths of 

4.0» - 4.8» in heavy soils, 4.8» - 6.4» in light loam soils and 

6.4” - 8” in sandy loams. Hunter and Jarvis (1953-1954) stated that 

there was no trace of anhydrous ammonia escaping from a. olay soil under 

grass when applied 4» deep.



-29-

MOYEMENI OF ANHYDROUS AMMONIA IN SOILS:

On a sandy loam, Anderson (i960) found that the highest 

concentration of ions was found in the inmediate vicinity of the 

applicator path on the day of anhydrous ammonia application. Most 

of the movement occurred during the first three weeks when the zone 

of ammonia sorption was 3” in diameter radius from the point of 

application. McDowell and Smith (1958) found that the greatest 

movement occurred in lighter soils as compared with heavier ones. 

The area of ammonia movement two months after application was 3" in 

diameter in sandy and silty loams as compared with 2” in clay. In 

the zone 2” - 3” away from the point of injection, nitrogen concentration 

was higher in a sandy soil than in a silty loam. On the whole, they 

considered such movement small, for all soil textures, and recommended 

a closer spacing of injection drills in order to make the nitrogen 

more accessible for growing plants. Blue and Eno (1954) found that 

the amount of movement of gaseous ammonia in a certain soil depends on 

the rate of application and soil moisture content. On a loamy sand 

most of the ammonia was found in an area 2” across the injection path 

when 58 lb. N/acre was the rate of application and 4” at 258 lb. N/acre. 

Movement was less as the moisture content increased. Ammonia was 

confined in an area of 5”} 3” and 2" across when moisture content was 

3.0%, 10.1% and 16.1% respectively. They attributed the greater movement 

at lower moisture content to the increase in pore space for ammonia gas

to move in.
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Mclntosh and Frederick (1958) found that, nmmed natal y after 

injection in a sandy clay loam, anhydrous anmonia moved within an area 

3” - 4n in diameter around the injection path. Four months after, 

the retention zone was 5” — 6” in diameter. While such an increase

in the retention zone was considered small, the movement of MH, ions 
4

within the zone itself was remarkable. While NH^- nitrogen concentration

in the area 2” across the application row decreased from 1086 ppm at the 

time of application to 665 two weeks after, there was an increase from 

251 ppm to 418 ppm at the area 2” - 3” away from the application row. 

Lateral and upward movement were greater than downward movement. 

(Anderson, I960; Stanley and Smith, 1956).
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AMMONIA FIXATION BY SOILS:

Some of the applied ammonium ions become fixed by being absorbed 

in locations which are not easily accessible for movement by plant roots 

or for nitrifiers to oxidize.

Young and Cattani (1962) found that mineral fixation of anhydrous 

ammonia varied greatly between soils and between horizons within one soil. 

From their study on the retention and fixation of anhydrous NH^ by soils 

taken from different horizons, they found that 1-8% of the retained 

ammonia x^as fixed by soils of the surface horizons, i.e. A horizons 

0-5” from the soil surface, while 2 - 31% was fixed by the sub-horizon 

soils, i.e. B and C horizons 5" - 24” from the soil surface. Fixation 

capacity was correlated with clay content and cation exchange capacity.

ppm N were fixed by a soil-surface horizon containing 25% clay; 

this was increased to 396 ppm N in a deeper sub-surface horizon 

containing 52% clay. Fixation of anhydrous ammonia by air-dry soil s 

was several times greater than that of ammonium hydroxide applied to the 

same soil, (at the same rate). Fixation of anhydrous ammonia ranged 

from 1.5 times to 5 times as much as that of NH^ OH. The higher fixation

from NH3 gas as compared with NH solution was attributed to two possible 

causes:-

(a) that some NH molecules may be trapped in interlattice voids 

when NH^ ions adsorbed on surrounding area of the lattice cause collapse 

of the lattice or,

(b) the vacuums degassing procedure of ammoniated soil samples 

required to remove physically-sorbed NH^ before determining fixed ammonia 

increased mineral fixation capacity.
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However, they reported that, under field conditions, fixation of anhydrous 

ammonia could be more rapid and greater than from other nitrogen sources. 

McDowell and Smith (1958) found that the amount of fixed ammonia increased 

with increasing clay content of the soil. On sandy loam 6.1% of the 

regained N , applied as anhydrous ammonia, was not recovered as 

N03- or NH^- nitrogen; while 27% was fixed by a clay. This was in 

agreement with findings by Mogilevkina (1965) who reported that the 

fixation capacity for ammonium increases with clay content in podzolic, 

serozems and chestnut soils. Stevenson and Dhariwal (1959) reported 

that illite fixes more ammonium than montmorillonite which fixes more 

than kaolinite. Allison and Roller (1955) reported that montmorillonite 

has a higher fixing capacity for ammonium ions than halloysite and 

attapulgite. They found that 29 - 37% of the fixed ammonium ions were 

available to nitrifiers. Allison et al. (1953) found that all ammonium

ions fixed by vermiculite were available to nitrifiers. Young and McNeal

(1964) found that vermiculites have greater fixation capacity for NH.
Hr

than montmorillonites. Vermiculitic minerals fixed less ammonium from

than from Cl. Adams and Stevenson (1964) found that some 

primary silicates possessed fixation capacity for NH. ions, but these 

fixed ions were easily releasable (by N KOH) than fixed NH^ on secondary 

minerals. Sohn and Peech (1958) found that soil organic matter rendered

part of the ammonia unexchangeable. When organic matter was destroyed

the amount of fixed ammonia decreased and available NH^ increased.

Organic soils fixed more ammonia than mineral ones did. This was in

agreement with finding by Young (1964) who found that the major part of 

fixed NH^-ions were combined with soil organic matter.
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II

METHODS AND MATERIALS
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A FIELD WORK

I. FIELD EXPERIMENTS: LIQUID ANHYDROUS AMMONIA ON GRASSLAND

(1) SITES

Three sites were chosen to carry out experiments to compare anhydrous 

ammonia with ammonium sulphate on grassland in 1966. These sites were at:~

a) EAST LAMBERKIN, PERTHSHIRE:

The soil was a sandy loam, with many large stones. The parent 

material was till and drainage was imperfect. Relief was flat and 

almost level in slope. Table 1. shows the results of a routine 

chemical analysis of a representative soil sample from the area of 

the experiment. Oats had been grown in the field in the previous 

season.

Table 1: Liquid Anhydrous Ammonia on grassland;

routine chemical analysis of soil. East Lamberkin.

Soil pH available P
Exchange

K j Na
able

Ca Mg

6.5
mg / 10 

0.33
) g a
6.1

ir-dry
11.0

soil
176 5.1

b) WEST NETHERTON, PERTHSHIRE..

The second site was at West Netherton where the soil was a sandy 

clay loam with a few small stones but not many large ones. The field 

was flat and was under permanent grass. Table 2. shows the results 

of a routine chemical analysis of a representative soil sample from 

the field.
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Table 2: Liquid anhydrous ammonia on grassland;

routine chemical analysis of soil, West Netherton.

Soil pH available P K

—-----
e

Na
xchangea 

Ca
ble
Mg

6.2 0.77
mg

29.5
/100 g 
19.4

air-dry
308

soil
18.8

c) BLAIRNATHORT, KINROSSHIBE

The third site was at Blairnathort, Kinrosshire where the soil 

was a sandy loam derived from drift. The field was under permanent 

grass, Table 3 shows the results of a routine chemical analysis of 

a representative soil sample from the field.

Table 3: Liquid anhydrous ammonia on grassland,

routine chemical analysis of soil, Blairnathort.

Soil pH available P K
exch

Na
angeable 

Ca Mg

6.6 0.45
mg / 100

18.0
g air- 
11.6

dry soil 
249 19.8
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(2) EQUIPMENT USED

The equipment used for applying the liquid anhydrous ammonia was 

a grassland ammonia distributer, G 6/500 supplied by Direct Nitrogen Ltd. 

(Plate 1.). It consists of a feed tank, with a capacity for ammonia 

of 712 lb. fitted on a strong box-section bar mounted on a four-wheeled 

tractor. The bar also carries disc cutters, injection equipment, 

follower wheels, and a pump which is equipped with capacity gauge, 

pressure gauge and safety valve. The pump is chain-driven from the 

axle and delivers a constant amount of ammonia to the injector nozzles 

at all tractor speeds.

The six, spring-loaded discs cut through the turf allowing the 

6 injection nozzles, spaced at 14”, to enter the soil. The depth 

of injection is 4” - 6”.

Follower wheels, behind the injectors, close the cut thus sealing 

the soil surface to prevent the escape of gaseous ammonia.
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Plate 1: Anhydrous ammonia injection equipment

A: Feed Tank B: Pump C: Follower Wheels

D: Injector Nozzles E: Disc Cutters
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(3) DESIGN AND TREATMENT

A randomized block design was used at each of the three sites.

At each site, six treatments were completely randomized with each of

3 blocks, each plot was 20 sq. yd. in area i.e. 2 yd. by 10 yd.

The treatments were as follows:

A. Control (no nitrogen)

B. 40 units of N per acre applied as liquid anhydrous ammonia 

injected 14” apart plus 40 units of K^O applied as K^SO^.

C. 80 units of N per acre applied as liquid anhydrous ammonia

where lines of injection were 14” apart plus SO units of K^O 

applied as K2S0^.

D. SO units of N per acre applied as liquid anhydrous ammonia where 

the lines of injection were 7” apart. The injectors were run 

through the soil twice, set each time at 40 units N/acre.

80 units of KpO per acre were applied as K^SO^.

E. 40 units of N per acre applied as ammonium sulphate plus 40 units 

of KpO applied as

F. 80 units of N p 

applied as KgSO^.

KQ0 was applied at rates equivalent to those of N as it has been 

found that K uptake is proportional to N uptake. Neither P nor 

Mg was applied, as a basal dressing, because none of the soils was 

K2S°4.

¡r acre applied as (NH^)SO^ plus SO units KgO

deficient in these nutrients.
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FERTILIZER APPLICATION

a) Liquid Anhydrous Ammonia (82.3% N).

The liquefied Ammonia was applied by means of the equipment, 

already described on page 35, at a depth of 4” to 6”. All plots of 

one treatment received their dressings at the same time to reduce the 

number of settings of the applicator to a minimum. At East Lamberkin 

and West Netherton some loss of gaseous ammonia occurred; losses at 

the former site were greater due to a higher proportion of large stones 

in the soil. At Blairnathort there vias little gaseous loss during 

application. Generally it was dry and sunny at times of application 

at each of the three sites.

b) (NH.) SO, (21% N): 
2

Ammonium sulphate was broadcast by hand.

c) Potassium Sulphate (50% K^O)

Basal dressings of K9 SO, (50% K„0) were broadcast on all 

plots in the same way as ammonium sulphate.

Table 4 shows the dates of fertilizer application at each of the three sites.

Table 4: Liquid anhydrous ammonia on grassland 196b; 

dates of fertilizer application.

Site Date

East Lamberkin
West Netherton 
Blairnathort

2nd May, 1966
10th » ’’
9th ’’ ”
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Additional treatments were put down at East Lamberkin and West Netherton 

to compare anhydrous ammonia, at the famer’s rate of application, 

with (NH^ S°4» as follows:

East Lamberkin 4 plots were added; 2 at each end of the main 

experiment. One of each pair of plots received anhydrous ammonia and 

the other received (NH^SO^. In these extra treatments the application 

rate was 120 units of N per acre. Figure 1 shows a diagram of the 

experimental layout at East Lamberkin.

West Netherton only 2 additional plots were added, both at one

end of the main experiment. The application rate was 102 units of N

per acre, one with anhydrous ammonia and the other (NH,) SO, .
4 g 4 

shows a diagram of the experimental layout at West Netherton.
Figure 2

Figure 2: Liquid anhydrous ammonia on grassland, West Netheron, 

diagram of the experimental site.

There were no extra treatments at Blairnathort. Figure 3 shows the

experimental layout at Blairnathort.
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Figure 3: Liquid anhydrous ammonia on grassland 1966,

Blairnathort, diagram of the experimental site.

Perth
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(4) SOIL SAMPLING

Initial:

Before the experiments were laid down, 2 representative soil

samples were taken from each site for chemical analysis (i.e. pH

»available1 P, and exchangeable K, Na, Ca, and Mg) Each soil sample

was taken with a soil auger to a depth of 8” to 10”.

(b) After application of treatments:

To investigate the effect of the injected ammonia on the soil

pH, and »available» P and K, samples from two depths -0 -6” and 12” -

from the soil surface were taken; the first level being about the level

of injected NH^. As there was no apparent loss of gaseous NH^ at

Blairnathort, this site was chosen for this investigation

Two soil samples were taken at random from each plot after the first

cut. One sample was taken from the top 6” of soil, the other from

6” - 12”. Each soil sample, weighing approximately 2 lbs., was a

composite of about 14 cores. In the laboratory the soils were air-dried,

and crushed in a 2 mm /sieve before analysis. Stones were discarded

Table 5 shows the dates of soil samplings.



Table 5: Liquid anhydrous ammonia on grassland 1966: 

dates of soil samplings.

Site
Date

Initial Sampling
Date
Later Sampling

East Lamberkin
West Netherton 
Blaimathort

2 May, 1966
10 May, 1966
9 May, 1966 1 July, 1966

(5) GRASS CUT AND SAMPLING

Two cuts were taken from West Netherton and Blaimathort, but at 

East Lamberkin only one cut was taken because the field was required 

for grazing after the first cut. The first cut was taken at hay 

stage and the second 6 weeks later. Table 6 shows dates of grass 

cuts at each of the three sites.

Table 6: Liquid anhydrous ammonia on grassland 1966: 

dates of grass cuts.

^^\Site

Cut East Lamberkin West Netherton Blaimathort

First 1 July 30th June 30th June
Second —~ 17th August l?th August

Plots were cut by means of an ALLAN Auto Scythe; a strip ( 1 yd. wide 

by 10 yd. long) was cut in the middle of each plot and the yield of 

grass per plot was recorded. A sample of grass (about 1 Kg.) was 

taken from each plot in polythene bags. In the laboratory the fresh 

grass samples were weighed and dried overnight at 100°C in an electric 

oven with an extraction fan and reweighed the following morning. The 

samples were then milled by means of a Christy and Norris Laboratory min 

using 2 m.m. mesh sieve and stored in plastic containers until required for analysis
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II GREENHOUSE EXPERIMENT 1966: THE EFFECT OF RATES AND FORMS 

OF N ON SOILS AND RYEGRASS.

(1) SOILS

The three soils used in this experiment were taken from fields on the 

college farms during April 1966.

Soil A: A sandy loam from an arable field, Holly hedge, which was 

under potatoes in 1964 and barley 1965.

Soil B: A loam from Garage field which was under permanent grass. 

Soil C: A clay loam from Papple field which was under barley in 

the previous two seasons, 1964 and 1965.

Table 7 gives the results of the mechanical and chemical analyses 

of the three soils.

Table 7• NH^OH VS (NH^) SO^ experiment 1966: 

Mechanical and chemical analyses of soils.

Moisture
Loss on ignition 
Coarse sand 
Fine sand 
Silt
Clay

Soil pH 
’Available’ P

Exchangeable K
” Na
" Ca
” Mg

Cation Exchange
Capacity

Sc 
A
%
1.0
7.2

40.3
33.0
8.0
9.9

5.2
me/100 g soil
0.024
0.29
0,64
3.80
0.52
14.9

>ils
B
%
1.3
7.6
20.5
38.2
11.0
19.9

5-4 
me/100 soil

0.012
0.15
0.5S
6.10
0.50
18.2

C
%

1.9
7.5

13.6
32.1
16» 6
26.7

6.7 
me/100 g soil 

0.025
0.25
0.59
11.70
0.93
28.5



(2) DESIGN AND TREATMENTS

The two main purposes of this experiment were:-

1) To investigate the effects of NH.OH and (NH, )S0.4 42 4 , at different

nitrogen rates on the yield and chemical composition of ryegrass grown

on soils of different textures.

2) To investigate the effect of those forms and rates of N on some

soil properties.

(H) or (NH,)SO. (S) were applied to the three soils already 
4 2 4

To fulfil the first aim of this experiment, 6 rates of N as

NH.OH4 
describee., viz: A, B, and C, with ryegrass as the test crop. There 

were three replicates of each treatment- combination. The design was 

a 6 X 2 X 3 factorial, with complete randomization of treatments within 

each of the three replicates giving a total of 108 pots.

For the second purpose, the same treatments were applied to the 

three soils but without plants and with one replicate of each treatment 

combination. The design was again a 6 X 2 X 3 factorial.

Because the uptake of K is proportional to that of N, and thus the 

plant-needs for K increase with increasing rate of applied N, K^O was 

applied at rates equivalent to half those of nitrogen. In addition, 

all pots received a basal dressing of P and Mg to meet the needs 

of the growing plants.
Nitrogen was supplied as ammonium hydroxide (NH^ OH) or ammonium 

sulphate (NH.)S0. (technical grade); K as K Cl (analytical grade);
4 2 4

P as Na Ho P0, 2Ho0; and Mg as Mg SO. 7H90. All nutrients were 

applied in solution; one solution contained the N and K compounds 

and the second the P and Mg compounds. Calculation of nutrient rates 

were based on the assumption that the weight of 1 acre of the soil/sand 
mixture was equivalent to 2 X 10^ lb.
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The rate of nutrients as well as their normalities in solution were 

as follows:

Elate No. N K2° P2°5
lbs/Ac.

Kg NIbs/Ac. N Ibs/Ac. N Ibs/Ac. N
1 45 0.146 22| 0.022 200 0.575 60 0.336
2 90 0.292 45 0.043 n n H w

3 180 0.583 90 0.087 n It tt n

4 360 1.166 180 0.173 n n n n

5 720 2.333 360 0.347 n n n tt

6 1440 4-666 720 0.693 » n n tt

The pots were arranged in four replicates, three for the planted pots 

and one for the unplanted ones. Each replicate consisted of 36 pots; 

each pot represented one treatment arranged at random within the replicate. 
The average temperature in the greenhouse during May - November was 25°C.
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(3) PREPARATION OF POTS

The three soils for this experiment were dried in the greenhouse until 

they had a reasonable moisture content for riddling, when they were 

passed over a 1/4 in. mesh riddle to remove large stones and vegetation. 

To facilitate re-wetting and to maintain microbial activity, the soils 

were kept moist until required for the experiment.

(a) Fertilizers Application;

In order to facilitate drainage and maintain aeration, the soils 

were mixed with a water-washed sand with particle size ranging from 

0.5 to 3 m.m. in diameter, the majority being 2 m.m. in diameter. 

30 lb. of soil mixed with 30 lb. of the sand gave sufficient mixture 

for the 4 pots (i.e. 3 ryegrass and one sampling) receiving the same 

treatments. The soil/sand mixture was mixed well on a strong polythene 

sheet before application of the nutrient solutions; this was done by 

spraying the solutions from polythene bottles on to the mixture while 

mixing thoroughly by hand. 300 ml.of the first solution (11 and K) 

and 200 ml.of the second (P and Mg) were applied to each 60 lb. of 

soil/sand mixture.

The plastic pots had an upper diameter of 8|”, bottom diameter 6|” 

and were deep. 1 lb. of water-washed granite chips was used to 

cover the drainage holes in the bottom of each pot.

After mixing the nutrient thoroughly with the soil/sand mixture, 

14 lbs of mixture were weighed into each pot. The soil was packed 

slightly by dumping, and the pots were then placed inside the greenhouse, 

ready for sowing. For the purpose of collecting leachates from each 

pot, a plastic dish with upper diameter 10-gn, lower diameter 8g”, and 

2” deep was placed under each pot. The pot rested on a plastic ring, 

2|” in diameter, placed in the middle of the dish.
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(b) Sowing Pots:

0.25 g of perennial ryegrass seeds (S23) (about 100 seeds) was 

scattered on the surface of the soil-sand mixture on May 17, 1966. 

A /4OO ml. beaker full of the coarse sand was used to cover the seeds 

(about 0.25” thickness) to keep the surface soil moist and cover the 

grass seeds.

(c) Watering:

Pots were watered daily throughout the experiment to keep the soil 

at or near field capacity by means of a /¡00 ml. cylindrical water sprayer. 

The soil-sampling pots and the grass pots received the same amount of 

water; tap water was used throughout. The plants emerged in nearly 

all grass pots on the 28th of May, 11 days after sowing.

(4) CUTTING GRASS

The number of cuts taken during this experiment was governed by 

the amount of growth in the pots receiving the highest rates of nitrogen. 

At each cut, the grass was cut with scissors above the soil*  level, 

and was then placed in a thin polythene bag. Polythene bags were used 

to contain the grass from each pot in order to retain any moisture lost 

by grass respiration after grass-cutting, but before weighing in the 

laboratory. Elastic bands were used to seal the bags. After weighing 

and recording the fresh grass yields the grass in each bag was transferred 

to a brown paper bag and dried overnight in an electric oven at 100°C; 

and then weighed to give the dry matter yield. Then the dried grass was 

milled using a Christy and Norris Laboratory mill with a 2 ram. sieve and 

stored in plastic containers until required for analysis.

* The term ’soil1 in this experiment will apply to the soil-sand 

mixture from now on.



—¿1.8—

The concentrations of P, K, Na, Ca, and Mg in the dry matter were 

determined. During 1966-67, six cuts were taken at the following dates

Cut No. Date Days after Sowing

1 22 June 36
2 11 July 55
3 3 August 7S
4 5 September 111
5 25 October 161
6 13 January 241

(5) SOIL SAMPLINGS

On four occasions during the experiment soil samples were taken 

from each of the »soil pots* with a stainless steel spatula; about 

5 sub-samples were taken to a depth of 6” from, each pot to give a 

composite sample. A fifth sampling was carried out at the end of 

the experiment when the soil from each pot was spread out over a hard 

plastic sheet and a representative soil sample was taken. Eash sample 

weighed about 400 g.

A representative soil sample was taken from each of the »grass pots» 

at the end of this experiment. The coarse sand top-cover lias removed 

and the soil was passed over a 1/4” mesh riddle to remove grass roots. 

The soil sampling dates were as follows:-

Soil pots: Sampling No. Date (1966-67)

1 12 August
2 22 September
3 7 October
4 4 November
5 17 January

Grass pots: 1 17 January
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(6) COLLECTION OF LEACHATES

The leachates from each pot were collected at five dates
1966/67 Days after sowing

1st collection 20 June 34
2nd rt 4 August 79
3rd n 10 September 116
4th H 3 November 175
5th ft 3rd February 262

The volume of leachate from each pot was recorded and a sample was

taken for analysis; the concentrations of NH. - and N0„4 3 - nitrogen,

K, Na, Ca, and Mg were determined and their contents calculated.

About 150 ml. of distilled water was added to any ’dry’ dishes from 

which water had evaporated. For the purpose of getting a reasonable 

range of nutrient concentrations in all leachate a tenfold dilution 

was carried out.
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B: ANALYTICAL LABORATORY WORK

I PLANT ANALYSIS

(1) DIGESTION OF PLANT MATERIAL - for P, K, Na, Ca, and Mg.

HNO^ and HCIO^ were used for digesting plant material and preparing 

an extract in which P, K, Na, Ca, and Mg could be determined. Owing 

to the very small yield of grass in a number of pots (in the greenhouse 

experiment) a sample of 0.1 g was digested with HNO„ and HC10, acids.
J 4

This procedure was suitable for the routine analysis of a large number 

of samples.

(a) Reagents:

Cone. HNO^ (sp. gr. 1.42)

60% HCIO^ (SP- gr- 1-54) 

(b) Procedure:

0.5 ml. Cone. HNO^ were added to a 0.1 g sample of 

oven-dry plant material in a pyrex test tube (6” x 1») graduated at 

50 ml. The sample, with the added HNO^, was allowed to stand over

night. It was then gently heated for 30 min. before adding 0.5 ml-

60^ HCIO^. The tube was heated gently at first, then more strongly 

and heating was continued until the liquid was colourless and all the 

HNO^ was driven off. This was achieved when dense white fumes were 

evolved and the solution was clear. After cooling slightly about 

45 ml. hot distilled water were added to each tube. When cold, the 

volume was made up to 50 ml. in the digestion tubes which were then 

left to allow any undissolved material to settle, thus dispensing with 

the need for filtering.

A micro-digestion apparatus (Alston, 1964) (Plate 2) was used 

enabling the digestion of 20 samples simultaneously. A 750 W 

”SunhouseM electric bar heater with added thermostatic control was 

the source of heat.
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Plate 2: Micro- Digestion Apparatus
A: Electric Heater B: Ventilator Tube
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(2) DETERMINATION OF TOTAL P.

Phosphorus was determined by measuring the intensity of the colour 

produced, using Hanson»s (1950) phosphovanadomlybdate method.

(a) Reagents:

KH^PO^: a range of standard solutions containing 0-10 ppm 

of P in distilled water.

Mixed Reagent: 25 g ammonium molybdate (NH.) Mo„ 0o. . 4 H„0 

were dissolved in about 800 ml. distilled water (Solution A).

1.25 g ammonium metavanadate NH. V0„ were

hot distilled water, and after cooling 175 

gradually, while stirring (Solution B).

The two solutions (A and B) were combined

dissolved in about 600 ml.

ml. Cone. HNO^ were added

and the volume made to

2 litres with distilled water.

(b) Procedure:

A calibration curve was prepared as follows :-

10 ml. mixed reagent were added to 10 ml. aliquots of each of the 

standard solutions in 50 ml. pyrex test tubes. 5 ml. of distilled 

water were then added and the tube was thoroughly shaken. The colours 

developed were measured after about 30 minutes in an E.E.L. Absorptiometer 

using filter No. 601. To produce a reasonable galvanometer reading, 

over the range of standard solutions used, large cells, with an optical- 

path length of 40 mm. were used. The instrument was set to zero with 

distilled water. 10 ml. aliquots of plant digest were treated the same 

way. The maximum standard (which contains 10 ppm P) is equivalent 

to 0.5^ P in the D.M. of the plant material when 10 ml. aliquots 

are taken.
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(3) DETERMINATION OF TOTAL K.

The potassium concentration of the undiluted plant extracts was determinert 

by the use of an E.E.L. Flame photometer (Collins and Polkinhorn, 1952). 

(a) Reagents:

ranSe of standard solution containing 0^100 ppm 

K in distilled water.

(b) Procedure:

A calibration curve was prepared by passing the range of 

standards through the flame photometer with the instrument set to zero 

with distilled water and 100 with the maximum standard. The undiluted 

plant digests were treated the same way. The maximum standard is 

equivalent to 5% K in the D.M. of the plant material when 0.1 g D.M. 

are diluted to 50 ml.

(4) DETERMINATION OF TOTAL Na.

The Na coneentration in the plant digests was also determined by the 

use of E.E.L. Flame photometer, as in the case of K.

(a) Reagents:

Na Cl: range of standard solutions containing 0-10 ppm 

Na in distilled water.

(b) Procedure;

The same procedure as for K . The maximum standard is 

equivalent to 0.5% Na in the D.M. of the plant material when 0.1 g D.M. 

are diluted to 50 ml.
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( 5 ) DETERMINATION OF TOTAL Ca and Mg.

The Ca and Mg concentrations of the plant digests were determined by 

using an E.E.L. Atomic Absorption Spectrophotometer. La as LaCl^ 

was added to offset P interference. 2500 ppm La was found to be 

sufficient to prevent interference from up to 100 ppm P in the 

measured samples (Willis 1959).

(a) Reagents :

A range of standard solutions containing 0-40 ppm Ca as 

Ca CO^with sufficient HC1 to dissolve the Ca C0^) and 2500 ppm La 

as La Cl^.

A range of standard solutions in distilled water containing 

0-4 ppm Mg as Mg S0^ and 2500 ppm La as La Cly

Stock solution of La Cl- 7H-0 ( 5000 ppm La) in distilled 

water.

(b) Procedure:

A calibration curve was prepared by passing the range of 

standards through the spectrophotometer, setting the instrument to 

zero with the 2500 ppm La solution. The plant digests were diluted 

1 : 1 with the 5000 ppm La solution in order to get a solution containing 

2500 ppm La and the nutrients within the range 0-40 ppm and 0-4 ppm 

Mg. If a diluted plant extract contains 40 ppm Ca - or 4 ppm Mg - 

then the Ca-and Mg - concentrations of the dry matter of the plant 

material will be 4% - and/or 0.4% respectively.

(6) DETERMINATION OF TOTAL N.

Nitrogen was determined by the Kjeldahl method. The organic matter 

is oxidized by sulphuric acid in the presence of K- SO. and a catalyst 

and the complex nitrogenous compounds (proteins, amines, amino acids etc.) 

are converted into ammonia which is »fixed» as (NH, )S0. .4 2 4
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The boric acid modification (Markley and Hunn 1925) was used for 

absorbing released during distillation. Analyses of the plant 

material was carried out in duplicate.

(a) Reagents:

Cone. HgSO^ (sp. gr. 1.84)

Kg SO^-Se mixture prepared by mixing 3 Kg Kg SO^ with 100 g Se 

50% W/V Na OH (tech.) in water.

Zinc (granulated)

4% boric acid in distilled water

N5-7— H_ S0( in distilled water

Mixed indicator solution prepared by dissolving 0.5 g bromo

oresol green and 0.1 g methyl red in 100 ml. of 95% ethanol. The 

solution was adjusted to its bluish purple mid-colour at pH 4.5 with 

either dilute Na OH or HC1

(b) Procedure:

A sample of plant material was weighed into a 9 cm. Whatman 

No. 42 paper and then dropped as a package into a 500 ml. Kjeldahl 

flask. 0.5 g of plant material were taken whenever possible (with 

very small samples between 0.05 g and 0.25 g were taken). 5 g of the 

Kg SO^-Se mixture were added followed by 20 ml. cone. HgSO^. The 

flask was heated gently until the organic matter had decomposed and 

the solution became clear and heated for another 1 - 1^ hours. The 

overall digestion time was about li - 2 hours. The contents of the 

flask were allowed to cool and about 200 ml. of distilled water were 

added. 60 ml. 50% Na OH solution were added gently to form a separate 

layer at the bottom of the flask followed by pieces of granulated zinc.



Before clamping the flask in position on the distillation apparatus 

it was swirled around to mix the contents. The ammonia which was 

evolved on heating was collected in boric acid solution (25 ml. 4% 

boric acid + 25 ml. distilled water) in a 500 ml. conical flask.

Heating was continued for 30 minutes. The ammonia was then titrated 

against H^SO^ using the mixed indicator. A number of blank 

determinations were carried out to measure N in the reagents and 

in the filter paper. 1 ml. of yy— H^SO^ is equivalent to 0.2% 

of N in the dry matter of plant material when 0.5 g are taken.
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II : LEACHATE ANALYSIS

The concentration of NH^- and NO^-N, K, Na, Ca, and Mg were determined 

in all leachates. Practically no phosphorus was present in the 

leachates and therefore P determinations were not carried out. 

(The P concentrations of a number of leachates were determined, 

including those from treatments receiving the highest N rates, those 

thought to contain the highest P contents. Less than 0.005 mg per 

pot were found in these ).

(1) DETERMINATION OF NH, -N.

^4-N was determined by measuring the yellow colour produced by 

Nesslerisation (Peech and English, 1944)» Nessler reagent forms a 

yellow colour with ammonium ions in the presence of sodium tartrate 

and gum acacia.

(a) Reagents:

Range of standard solutions containing 0-20 ppm N as 

(NH^) S0^ in distilled water.

Nessler reagent: a * ready-prepared* ANALAR Nessler reagent.

Na OH-tartrate solution: 40 g sodium tartrate were dissolved 

in about 300 ml. distilled water, 13 g sodium hydroxide were added, and 

the solution diluted to 1| L.

5% gum acacia reagent: 10 g powdered gum acacia were dissolved 

in 195 ml. distilled water and 5 ml. Nessler reagent were added. It was 

left for a few days to allow any precipitate to settle out. The solution 

was prepared as required.

(b) Procedure:

A 2 ml. aliquot of leachate was pipetted into a 50 ml.

Pyrex test tube and the following reagents were added in quick succession: 

6 ml. Na OH-tartrate 
8 drops gum acacia
4 drops Nessler reagent, mixing well after the last reagent. 
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The yellow colour developed was measured after 15 minutes in an E.E.L. 

Absorptiometer using filter No.601 (425 m u) and cells with an optical 

length of 5 mm. The instrument was set to zero with distilled water. 

A series of standard solutions were treated in the same manner and a 

calibration curve was drawn.

When a 2 ml. aliquot of Leachate gave a reading above the maximum 

standard, a smaller aliquot (0.1 ml. to 0.5 ml.) was taken and diluted 

to 2 ml. with distilled water.

(2) DETERMINATION OF NOyN

The brucine method (Robinson, et al., 1959), modified to include NO^ 

(Alston, 1964), was used for determining NOyN.

(a) Reagents:

Range of standard solutions containing 0-20 ppm N as

KNO^ in distilled water.

5% W/v brucine in glacial acetic acid.

Cone. HgSO^ (sp. gr. 1.84)

(b) Procedure;

A 2 ml. aliquot of leachate was pipetted into a 50 ml. 

pyrex test tube and the volume was made up to 3 ml. with distilled 

water. The following reagents were added, mixing after the addition 

of each reagent

0.75 ml. 5% brucine

6 ml. cone. S0^

The brucine was mixed with the leachate to eliminate ^bumping* 

when the HL SO, was added later. After 15 minutes, the yellow colour 2 4
developed was measured in an E.E.L. Absorptiometer with filter No. 601 

(425 m u) using cells with an optical length of 5 mm. The instrument 

was set to zero with a solution of potassium chromate of sufficient

concentration to bring the reading of the blank to just above zero.
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A series of standards was treated in the same way and a calibration 

curve was drawn.

When a 2 ml. aliquot of leachate gave a reading above the maximum 

standard, a smaller aliquot (0.1 ml. to 0.5 ml.) was taken and diluted 

to 3 ml. with distilled water.

(3) DETERMINATION OF TOTAL K and Na.

K and Na contents were determined directly on leachates using 

the same methods as those used for the determination of K and Na 

in plant digest. (Page 53 ) .

Reagents:

Range of standards containing 0 - 100 ppm K as KHgPO^ in 

distilled water.

Range of standards containing 0-10 ppm Na as Na Cl in 

distilled water.

(4) DETERMINATION OF TOTAL Ca and Mg.

Ca and Mg contents were determined directly on leachates 

(or diluted leachates) using the same method as those for determination 

of total Ca and Mg in plant material. (Page 54 ), except that 

La solution was omitted because of the very minute P content of 

leachates (below 0.005 ppm P) which produces no interference in the 

determination of Ca and Mg.

Reagents:

Range of standards containing 0-40 ppm Ca as Ca C0^ in 

diluted HC1.

Range of standards containing 0-4 ppm Mg as Mg S0^ in 

distilled water.
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III SOIL ANALYSIS

(1) MECHANICAL ANALYSIS

A mechanical analysis ■was carried out on each of the three soils} 

A, B, and C, used in the Tgreenhouse1 grass experiment in order to 

assess their texture. The method is that used in the Soil Science 

Department of the Edinburgh School of Agriculture adapted from 

Piper (1942). The particles size of different soil fractions was 

based on the following scale (the International Scale):

Fraction Diameter limits (m.m.)

Coarse Sand 2.0 - 0.2

Fine Sand 0.2 - 0.02

Silt 0.02 - 0.002

Clay 0.002

Reagents:

6% hydrogen peroxide

Cone. HC1

10% NH^ solution

Procedure:

20 g air-dry soil were weighed into 600 ml. beaker to which

60 ml. of 6% hydrogen peroxide were added and the contents were heated 

gently with constant stirring to prevent vigorous frothing. The 

soil suspension was allowed to cool and was diluted to 150 ml. with 

distilled water and sufficient cone. HC1 to make the solution about

acid. After standing for one hour the suspension was filtered 

through an 18 cm. Whatman No.3. filter paper and washed with up to 

500 ml. distilled water.
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The filter paper was then spread out on a large clock-glass and 

the adhering soil particles transferred by a jet of hot distilled 

water to a 0.2 mm. mesh sieve held over a 600 ml. beaker until the 

soil had been washed out; then the filter paper was rol1ed into a 

loose ball and squeezed until no further liquid was obtained. The 

soil on the sieve was rubbed gently with a rubber bung and washed 

with a jet of hot distilled water until no further particles of soil 

could be removed. Then the soil was transferred to a weighed crucible, 
dried at 105°C and reweighed to give the percentage coarse sand.

The soil suspension left in the 600 ml. beaker was transferred 

to a one litre shaking bottle, diluted to about 800 ml. with distilled 

water containing 50 ml. 10% solution and then shaken in and 

end-over-end shaker at 30-40 rev./min. until the sample was thoroughly 

dispersed (about 24 hours). After shaking, the suspension was 

transferred to a one litre measuring cylinder and the volume was made 

to 1 L. and mixed by rapid inversion for about one minute. After 
allowing to settle for four minutes 48 sec. (at 20°C) a 20 ml. aliquot 

of suspension was taken at a depth of 10 cm. with a pipette; this 
aliquot was transferred to a weighed silica basin, dried at 105°C 

and reweighed to give % (silt + clay).

The contents of the cylinder were thoroughly mixed by inversion 
and left to stand for 8 hours (at 20°C) when another 20 ml. aliquot 

was taken with a pipette, at a depth of 10 cm., dried and weighed to 

give the clay content.

After the supernatant liquid had been poured off, the residue was 

washed into 600 ml. beaker and filled with water to a depth of 10 cm.



-62-

The suspension was stirred up and allowed to settle for 4 minutes 48 sec. 
(at 20°C) before decanting the supernatant liquid. This was repeated 

till the supernatant liquid was clear, indicating that all the silt 

and clay had been removed. The residue was dried in the beaker at 
105°C and weighed to give the fine sand.

(2) DETERMINATION OF SOIL REACTION

Soil pH was measured in a 1 : 2 W/V suspension of soil and 

water, using a PYE pH meter with a glass electrode.

(3) DETERMINATION OF »AVAILABLE» SOIL P and K 

»Available» P and K were extracted with an ammonium acetate - 

acetic acid extracting solution pH 4.5 - ( van Hende and Janghe, 1953). 

P cone, in extract was determined by measuring the blue colour developed 

on reduction of ammonium phosphomolybdate by Sn Cig (Peech and English, 

1944). »Available» K was determined in the soil samples from the 

three grassland experiments. K was determined by using an E.E.L. 

flame photometer.

(a) Preparation of extracting solution and soil extract: 

Extracting solution was prepared by carefully adding 600 ml.

glacial acetic acid and about 270 ml. NH.OH solution (sp. gr. 0.88) 

to about 5L. di stilled water and diluting when cool to 10 L.

50 ml. extracting solution were added to 10 g air-dry soil in a 100 ml. 

shaking bottle. After 30 min. shaking, the extract was filtered 

through a Whatman No.3 filter paper into a 100 ml. conical flask.
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(b) Determination of »available» p;

(i) Reagents:

A range of standard solutions containing 0-5 ppm p 

as H2 PO^ in extracting solution.

Molybdate reagent prepared by dissolving 30 g 

^4^ K°7 °24* ^2° distiHed water. One 1. cone. HC1

was added slowly while shaking followed by 400 ml.distilled water 

after allowing the solution to cool. The solution was stored in a 

brown bottle.

Sn Cl2 solution prepared fresh when required by dissolving 

0.5 g Sn C12.2H2O in 50 ml. diluted HC1 (1 + 9).

(ii) Procedure:

A 5 ml. aliquot of the soil extract was pipetted into 

a 50 ml. beaker, 1 ml. molybdate reagent was added and the solutions 

were mixed immediately. Three drops of Sn Cl2 solution were then 

added and the contents were again mixed thoroughly. After 15 min, 

the intensity of the blue colour developed was measured in an E.E.L. 

Absorptiometer, set to zero with distilled water, using filter No.609 

and a cell with an optical path of 5 ram. A standard graph was prepared 

from a series of standard solutions treated in the same way.

(c) Determination of *available» Kt

Concentration of K in the soil extract was determined 

with an E.E.L. flame photometer (see page 53 ).
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DETERMINATION of exchangeable bases

(K, Na, Ca, and Mg)

Exchangeable bases were extracted by neutral N NH, AC solution 
4

(Jackson, 1958),

Preparation of extracting solution and soil extract:

(i) Extracting solution:

A 2 N solution of acetic acid was prepared by diluting 

576 ml. glacial acetic acid (sp. gr. 1.052) to 5-1- with distilled 

water. 2 N ammonium hydroxide solution was prepared by diluting 

540 ml. of cone, ammonium hydroxide (sp. gr. 0.88) to 5 L.with distilled 

water. Equal volumes of the two solutions were mixed and the pH was 

adjusted to 7.0 by adding few drops of either acetic acid or ammonia 

solution, and a pH meter with a glass electrode.

(ii) Soil Extract:

10 g air-dry soil were weighed into a 100 ml. shaking 

bottle and 20 ml. N ammonium acetate solution (pH = 7.0) were added. 

The bottle was shaken for 5 minutes on a to-and-fro shaker, al 1 owsd 

to stand overnight and then filtered through a Whatman No. 3 filter 

paper. All the soil was transferred into the filter paper. The 

soil was leached with an additional 80 ml. extracting solution.

(b) Determination of exchangeable bases:

Exchangeable K and Na were determined by measuring 

their concentrations in the soil extracts with an E.E.L. flame photometer 

(see page 53 ). Exchangeable Ca and Mg were determined by 

measuring their concentrations in the soil extracts with the Atomic 

Absorption Spectrophotometer (see page 54 ).



-65-

(5) DETERMINATION OF NH, - N
4

The soil NH^-N was extracted with sodium acetate-acetic acid (Morgan, 1941) 

and determined in the same way as in soil leachate (page 57 ).

(a) Reagents:

Standard solutions containing 0-20 ppm NH.-N as (NH.) SO.4 4 2 4
in extracting solution.

Extracting solution: Sodium acetate-acetic acid extracting 

solution (pH 4.8) was prepared by dissolving 200 g sodium acetate 

(CHCOO Na.3H20) in about 1 L. distilled water adding 60 ml. glacial 

acetic acid and diluted to 2 L. when cool. Activated carbon (B.D.H.)

(b) Procedure:

Fresh, moist soil equivalent to 25 g sir-dry soil were weighed 

into a 100 ml. shaking bottle and 50 ml. sodium acetate-acetic acid 

solution were added. 0.4 g activated carbon were added to decolourise 

the extract. After shaking for 30 min. the extract was filtered through 

a Whatman No.3 filter paper into a 100 ml. conical flask.

(6) DETERMINATION OF N0o-N

The soil NO^-N was extracted with calcium sulphate extracting solution 

(approx. 0.004 N) (Roller and McKaig, 1939) and determined in the 

same way as in soil leachate (Page 5g ).
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(a) Reagents :

Ca SO^ extracting solution prepared by diluting 250 ml. saturated

Ca SO^ (approx. 0.03 N) solution to 2 L. with distilled water.

Series of standard solutions containing 0-20 ppm NO^-N as

K NO^ in extracting solution

(b) Procedure:

Fresh moist soil equivalent to 25 g air-dry soil were shaken 

with 50 ml. Ca SO^ extracting solution for 15 minutes and then filtered 

through Whatman No.42 filter paper. NO^-N was determined in the 

soil extract in the same way as in soil leachate (Page 58 ).
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A: FIELD EXPERIMENT 1966
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IIELDS OF GRASS DRY MATTER 

(Fig.4)

The yields obtained at this site with the 2 forms and rates 

of N were as follows:

Table 8: Grassland Experiment 1966, Yield of grass dry

matter (cwt./ac.) from East Lamberkin.

Control
nh3 (NH. ) SO, 4 2 4 L. S. D.

40 (14") 80 (14«) 80 (7") 40 80 0.05 0.01 0.001
21.4 36.7 37.1 38.4 41.7 42.3 4.3 6.1 8.9

application of N as either NH„ or (NH-X ) 30^ increased the yield

It was possible to take only one cut at this site. The

4 
of D.M. significantly when compared with the no N treatment. However, 

yields from the higher rate of either fertilizer were similar to those 

with the lower one.

Both fertilizers produced similar yields at 80 units N per 

acre when anhydrous ammonia was applied at the closer spacing but the 

solid fertilizer gave a greater dry matter yield than the liquefied 

gas at 40 units N and at 80 when the anhydrous ammonia was applied 

at the wider spacing. However, the difference in yields between 

anhydrous ammonia at 7” and at 14” spacings at 80 units N was not 

statistically significant.

WEST NETHERTON:

The yields obtained at this site with the 2 forms and rates

of N were as follows:
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Table 9: Grassland experiment 1966, yield of dry matter grass

(cwt,/ac.) from West Netherton.

Control
NH3 (■P S° 

2
L. S. D.

40 (14") 80 (14") 80 (7”) 40 80 .05 .01 .001

Cut 1.
29.4 28.2 31.2 35.5 34.7 39.4 6.6 9.4 13.5

Cut 2.
6.6 7.8 7.8 9.8 6.6 7.8 2.7 3.8 5.6

Total
36.0 36.0 39.0 45.3 41.3 47.2 5.3 7.6 11.0

At Cut 1, (NH. ) SO. at 80 units N/ac. was only N treatment 
4 2 4

which significantly increased the yield of D.M. compared with the control;

an increase of 10.0 cwt./ac. grass D.M. resulted from the application 

of this treatment. The increases of 6.1 and 1.9 cwt./ac. D.M. from 

the 7" and 14” spacings of NH^ at the higher rate in particular were 

not significant, nor the increase of 5.3 cwt./ac. from (NH, ) SO, at 
4 2 4

40 units N. The yield with the lower rate of NH^ was even smaller 

than that from the control by -1.1 cwt./ac. This difference was not 

statistically significant.

Although the higher rate of N as NH^ or (NH^) SO^ gave 

greater yields than those of the lower rate, differences were generally 

not significant. However, anhydrous ammonia applied at 7" spacings 

gave a significantly greater yield than the 40 units N, also as NH„. 

gave higher yields

than NH^. However the difference was statistically significant only 

At corresponding rates of N, (NH.)
4 2

at the higher rate when NH was applied at 14” spacings.3
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The closer spacing of NH^ gave 4.3 cwt./ac. more yield than the wider 

spacings, at 80 units N/ac. although this difference was not statistically 

significant.

With the exception of NH^ at the higher rate injected at 7» 

which significantly increased yield over the control, the fertilized 

treatments at the second cut gave only slight increases in yield over 

the no N treatment and these increases were not statistically significant.

The higher yields obtained with 80 units compared with those 

with 40 units as either fertilizer were not statistically significant. 

Also there was no statistically significant difference between the two 

forms of N at corresponding rates. The 2.0 cwt./ac. increase in 

yield from NH^ applied at the closer spacing compared with the wider 

one was not statistically significant.

The total yield of D.M. over 2 cuts, with the higher rate 

of N (except from NH^ injected at 14”) was significantly greater than 

that from the control.

With either compound at 40 units N/ac. - and 80 units N/ac.

as NH^ injected at 14” - there was no significant difference between 

the N and the no N treatments.

with the higher rate of N, compared

with (NH,) SO, and NH_ injected4 2 4 3

the solid fertilizer gave higher yields 

increases in yield 

with the lower, were significant 

at 7” spacing.

At corresponding rates

than the liquefied gas, but this was statistically significant only at 

the higher rate of N compared with NH^ injected at 14”. The increase 

of 6.3 cwt./ac. with NH^ at 7” compared with the 14” spacing at 80 units 

N was statistically significant.
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BIAIRNATHORT:

The yields obtained at this site with the two forms and rates 

of N were as follows:

Table 10: Grassland experiment 1966, yields of grass dry 

matter (cwt./ac.) from Blairnathort.

Control
nh3 (NH,) SO, 4 2 4 L. S. D.

40 (14”) 80 (14”) 80 (7”) 40 80 .05 .01 .001
Cut
1 36.4 43.0 42.5 40.7 43.4 51.1 6.0 8.5 12.3
2 5.2 7.3 13.5 10.0 7.3 8.5 1.6 2.3 4.6

Total 41.6 50.3 56aO 50.7 50.7 59.6 2.2 3.2 4.6

With the exception of 80 units

there was a significant increase from N

N as NH^ injected at 7” 

compared with the control

at the first cut. At the lower rate of N the increases with NH^
and (NH,) SO. were 4 2 4
rate they were 6.1

6 .7 and 7-2 cwt./ac. respectively while at the higher 

(14” spacing), 4.3 (7” spacing) with anhydrous ammonia

and 15.7 cwt./ac. with (NH,) SO. . While anhydrous ammonia gave a 
4 2 4

significant increase over the control at 40 as well as at 80 units N

at the second cut, (NH,) SO. at the higher rate of N only, gave a 
4 2 4

significant increase over the control.

The application of N gave a significant increase in total

yields over the control.

Increasing the rate from 40 to 80 units N in the form of

resulted in a significant Increase in yield at the first cut

and also total yield. At the second cut however, there was no difference 

between the yields from the two rates.
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With NH^ on the other hand there was no significant difference between 

the two rates of N at the first cut but at the second one the 80 units 

N/ac. gave a greater yield than 40 units N. The difference in yield 

of total D.M., in favour of the higher rate of NH^ (14”) compared with 

the lower rate, was statistically significant.

The two fertilizers at 40 units N/ac. gave stat5stically

similar yields at each cut and total yield from two cuts. On the other

hand, (NH. ) SO. at 
4 2 4 80 units N/ac. produced more yield than the same rate

of N as NH^ at the first cut. At the second cut, however, anhydrous

ammonia produced a greater yield than (NH,) SO,at this rate of N, 
4 2 4

although the difference was significant only when NH^ was injected

at the wider spacing.

yield at 80 units N/ac.

spacing; otherwise the

Ammonium sulphate gave a significantly greater 

than anhydrous ammonia injected at the closer 

two forms of N gave statistically similar

yields at corresponding rates.

While there was no significant difference between the two 

spacings at the first cut, the 14” spacings produced higher yield 

over the closer spacings at the second cut. Also a significantly 

greater yield over two cuts was obtained from the wider spacing as 

compared to the closer one.

Su ary of effects on yield at the three sites

Except at 40 units N at Blairnathort when both forms of

N gave similar yields, (NH.) SO, at the first cut gave higher yields 4 2 4
than anhydrous ammonia. At the second cut, the liquefied gas gave 

greater yields than the solid fertilizer. However, the increased 

yield from anhydrous ammonia at the second cut was less than that 

produced by (NH^) SO^ at the first cut with the result that there was 

a higher total yield over two cuts with (NH.) SO. compared with the 
anhydrous ammonia.
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Application of anhydrous ammonia at 7” spacing was better than the 1 /[» 

spacing at both East Lamberkin and West Netherton when it gave higher 

yields than the wider spacing. However, at Blairnathort the reverse 

occurred and the wider-spacing gave a lower yield (at each cut as 

well as total over two cuts). In all cases, the solid fertilizer 

gave greater yields than the liquefied gas.



% DRY MATTER 
(Fig. 5)

EAST LAMBERKIN

The dry matter concentration obtained at this site with 

the two forms and rates of N were as follows:

Table 11: Grassland experiment 1966, % D.M. in grass 

from East Lamberkin.

Control
nh3 (NH.) SO.

4 2 4
----------------- n

L. S. D.
40 (14”) 80 (14”) 80 (7”) 40 80 L05 .01 .001

26.2 24.0 21.5 21.6 26.4 22.7 2.1 3.0 4.3 '

With the exception of (NH.) SO. applied at 40 units N/ac., 
4 2 4

the N treatments produced grass with a lower D.M. concentration

than the control. Increasing the rate of either form of N resulted 

in a decrease in dry matter concentration in grass. At 40 units N, 

grass receiving (NH.) SO. had a higher concentration of dry-matter
4 2 4

than that which received N as but at 80 units N the two 

forms gave statistically similar results. Both spacings of 

produced similar results.

WEST NETHERTON:

The dry matter concentrations in grass obtained at this site 

with the two forms and rates of N were as follows:

Table 12: Grassland experiment 1966, % of D.M. in 
grass, "West Netherton.

Control
nh3 L. S. D.

40 (14”) 80 (14”) 80 (7”) 40 so .05 .01 .001 ..
Cut 
1 19.1 15.8 16.7 17.8 17.3 17.7 2.8 4.06 6.2 N.S.

2 21.6 22.4 21.7 21.5 22.3 20.6 1.0 1.4 2.0
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Although fertilized grass had a lower dry-matter concentration 

than the control at the first cut, this was not significant. At the 

second cut, however, (NH^) SO^ at 80 units N gave a significantly 

lower dry-matter concentration than the control; the effects of other 

N treatments did not differ statistically from the control.

The two rates of either form of N had a similar effect 

at the first cut. At the second cut, however, only (NH, ) SO, produced 
4 2 4

a lower dry-matter concentration when applied at 80 compared with 40 units 

N/ac. Differences between the two forms at corresponding rate at 

each cut were not significant nor were the differences between the

two spacings of NH^.

BLAIRNATHORT:

The dry matter concentrations in grass obtained at this 

site at the two forms and rates of N were as follows:

Table 13: Grassland experiment 1966, % D.M. in

grass, Blairnathort.

Control
nh3 (NH, ) SO, 

4 2 4 L. S. D.

40 (14”) 80 (14”) 80 (7”) 40 80 .05 .01 .001
Cut
1 20.5 20.1 18.4 17.8 20.4 21.6 2.0 2.8 4.1

2 19.8 19.4 18.4 20.1 20.0 21.8 1.1 1.5 2.2

At the first cut grass, which received 40 units N, in

either form, had similar dry-matter concentrations to that of the

control. At 80 units N, however, while (NH,) SO, had little effect, 
4 2 4

anhydrous ammonia gave a lower dry-matter concentration than that of

the control.
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Except at 80 units N as (NH,) SO, , 4 2 4 when the solid fertilizer resulted
in significant increase over that of the control, the effect of the

fertilized treatments of the second cut did not differ statistical 1 y 

from that of the no-N one.

The decrease in % D.M. produced by increasing N rate from 

40 to 80 units in the case of NH^ (applied at 14”) and the increase 

obtained in the case of (NH.) SO. on the other hand were not
2 

statistically significant at the first cut. However NH^ applied at 

7” spacings at 80 units N produced grass with a lower dry-matter 

concentration than that at 40 units N/ac. At the second cut, while 

the higher rate of NH^ gave similar results to that at the lower, 

the higher rate of (NH^) SO^ gave a statistically higher dry-matter 

concentration than the lower. The two fertilizers gave similar results 

at each cut when applied at 40 units N/ac.: but at 80 units (NH, ) SO, 4 2 4 
gave a higher D.M. concentration than NH^ at each of the 2 cuts. 

Compared with the wider spacing, the closer spacing of NH^ did not 

have a significant effect on the dry matter concentration at the first 

cut but gave a significant increase at the second.

Summary of effects on % D.M. in grass at the 3 sites 

With one exception, (NH,) SO, at each cut and at each site 4 2 4
produced grass with a higher % D.M. than anhydrous ammonia. The 

exception was West Netherton, where at the second cut, the two fertilizers 

gave similar % D.M. at the lower rate of N but the liquid gas gave 

higher D.M. Except at the second cut, the 7” applied anhydrous ammonia 

at 80 units N/ac. gave similar D.M. concentrations to that of the 14".

At the second cut at Blaimathort the closer spacings gave higher % D.M. 

than the wider one. However at this site the liquefied gas injected at 

the higher rate and the closer spacing did not increase the D.M. concentration 

compared with the equivalent rate of N as the solid fertilizer.
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% N IN D.M. GRASS 

(Fig. 6)

EAST LAMBERKIN:

The N concentrations in grass dry matter obtained at this 

site were as follows:

Table 14: Grassland experiment 1966, % N in grass D.M.,

East Lamberkin.

Control
nh3 (NH.)SO.4 2 4 L. S. D.

40 (14") 80 (14") 80 (7") 40 80 .05 .01 .001
1.02 1.19 1.84 1.96 1.11 1.56 0.49 0.70 1.07

Both forms of N at 40 units N/ac., produced statistically

similar % N to that of the control. The 80 units N/ac however,

significantly increased the N concentration over that of the control.

The higher % N resulting from the higher rate of (NH.) SO, 
4 2 4 , compared

with the lower, was not statistically significant whereas the increase

in % N produced by NH^ at 80 units compared with that at 40 was 

statistically significant.

The two forms of N gave statistically similar results at

40 units N but at 80, NH^ injected at the closer spacings, gave a

significant increase over that of (NH,) SO, . At the wider spacings 4 2 4
the difference in favour of the liquid fertilizer was not statistically

significant nor was the slight increase (0.08%) brought about by 7”-applied

NH^ over that of the 14”-applied one.

WEST NETHERTON:

The N concentration in D.M. grass from this site with the

two forms and rates of N were as fol1ows;
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Table 15: Grassland experiment 1966, % N in D.M. grass 

from West Netherton.

Control
NH Tnh^so^ L. S. D.

40 (14”; ¿0 (14”) 80 (7”) 40 80 .05 .01 001
Cut
1 1.47 1.80 1.94 2.14 1.52 1.58 .47 .67 1.03 N.S.

2 2.30 2.37 2.40 2.50 2.30 2.41 .42 .60 .92 N.S.

The higher N concentration in the dry—matter of grass 

receiving N, as compared with no-N, at each cut, was not statistically 

significant. In addition, the differences between the two forms of 

N at each of the two cuts and those between the rates of N in each 

form were not significant. The slightly higher results with the NH^ 

injected at 7” compared with 14” at 80 units N were not significant,

BLAIRNATHORT:

The concentrations in D.M. grass obtained at this site with 

the two forms and rates of N were as follows:

Table 16: Grassland experiment 1966, % N in D.M. grass, 

from Blairnathort.

Control
nh3 L. S. D.

40 (14” 80 (14”) 80 (7”) 40 80 .05 .01 .001
Cut
1 1.59 1.95 2.41 2.20 1.74 2.10 0.37 0.53 0.80

2 2.87 2.67 2.59 2.51 2.73 2.18 0.35 0.49 0.75
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With the exception of (NH^SO^ at 40 units N/ac. which had 

no effect, there was a significant increase in N concentration in

the grass receiving N compared with that of the control, at the first

cut. At the second cut there was a decrease in N concentration with

applied N but only SO units N applied as (NH^) SO^ significantly 

lowered N concentration compared with that of the control. At the

first cut, the increase in N concentration with the higher rate of 

N, compared with the lower, was sufficient only when NH^ was applied

at 14" spacings.

with (NH. ) SO, at 
4 2

At the second cut.

The differences which were in favour of NH^ compared 

corresponding rates were not statistically significant.

the two rates of anhydrous ammonia produced simi 1 at-
concentrations but

concentration than

(NH.) SO. at the 4 2 4
the lower one.

higher rate gave a greater N

Both fertilizers gave similar
results at 40 units N/ac. whereas at 80 

statistically higher concentration than 

increase in N concentration resulting 

units N NH^ gave a

that of (NH.) SO. . The slight 
4 2 4

from the wider - compared with
the closer—spacing of N at SO units N, which occurred at both cuts, 

was not significant.

Summary of effect on % N in D.M, grass at the 3 sites. 

At each of the 3 sites, anhydrous ammonia gave a higher % N 

in grass over that of the solid fertilizer at each cut. However at 

Blairnathort, (NH^) SO^ gave a very slightly higher % N (not significant) 

than NH^ at the second cut, when applied at 40 units N/ac. At West 

Netherton and East Lamberkin, higher % N was obtained with the closer 

spacing of NH^ compared with the wider one at 80 units N/ac. At 

Blairnathort, however, the closer spacing of NH, gave a lightly lower 

% N than the wider-NH^ but still higher than those obtained by the solid 

fertilizer.
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N UPTAKE 
(Fig. 7) 

EAST IAMBERKIN:

The N uptake by grass at this site with the two forms 

and rates of N were as fol 1 nw« •

Table 17: Grassland experiment 1966, N uptake (lb./acre), 

East Lamberkin.

Control

24.1

nh3 (NH.) SO.4 2 4 L. S. D.

40 (14") 80 (14") 8Q (7")

4^.8 76.5 83.8
40 80

51.5 73.6

.05 .01 .001

17.9 25.5 37.8

The xertilized grass removed more N than the control and 

both fertilizers increased N uptake significantly when applied at

the higher than at the lower rate. At 40 units N, the two fertilizers

gave similar results, but at

compared with (NH, ) SO. was 
4 2 4

80 units the higher N uptake with NH^ 

not statistically significant. Although
7.3 lb. N/ac. more was removed by the closer - compared with the wider-
application of NH^, this was not statistically significant .

WEST NETHERTON:

The N uptake by grass at this site with the two forms and 

rates of N were as follows:

Table 18: Grassland experiment 1966, N uptake (lb./ac.),

West Netherton.

Control
nh3 L. S. D.

40 (14") 80 (14” 80 (7”) 40 80 •05 .01 .001
Cut
1 47.7 56.6 67.5 85.7 58.2 69.7 19.8 28.2 43.1
2 7.9 9.6 9.8 12.6 7.9 9.6 3.8 5.2 8.2 N.S.

Total 55.6 66.2 77.3 98.3 66.1 79.3 19.6 28.0 53.7
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While the 40 units N applied in either form did not significantly 

increase N uptake over the control at the first cut, 80 units N did 

significantly increase uptake compared with the control. At the second 

cut, the slightly higher N uptake resulting from the N treatments 

compared with the control was not significant. Neither fertilizer, 

compared with the control, gave a significant increase in N uptake 

over two cuts at 40 units N, but at 80 units, however, both sources

of N significantly increased uptake compared with control. At the 

first cut the increase in N 

NH^ (14”) compared with the

uptake at 80 units as (NH.) SO.
4 2 4 

lower rate was not statistically

and

significant

and the lower and higher rates (except NH^ injected 7" spacing) the

two fertilizers produced statistically similar results. The anhydrous 

ammonia injected at 7" significantly increased the uptake of N compared 

with (NH^) SO^ at 80 units N/ac. On the other hand the considerable 

increase of 18.2 N uptake per acre with NH^ injected at 7”-spacing 

compared with the 14"-spacing was not statistically significant.

At the second cut the higher uptakes of N with the higher

rate of either source of N compared with the lower rate were not 

statistically significant, although the higher rate of NH^ (at 7”-spacing) 

removed 3.0 lb. N/ac. more than the lower rate.

The two fertilizers gave similar results at corresponding

rates of N, except at 80 units, when the NH„ injected at 7” gave

3.0 lb. N/ac. more than the corresponding rate as (NH,) SO, . However
4 2 4

this difference was not statistically significant. Although anhydrous 

ammonia at 7” spacing recovered 2.8 lb. more than the wider spacing 

this difference was not significant from the effect of the 14” spacing.



-83-

The total amount of N recovered over two cuts with 80 units 

h was greater than that removed with the lower rate. However this 

effect was significant in one case only, viz: when 80 units N as 

NH^ injected at 7" removed 21.0 lb. N/ac. more than the lower rate. 

Anhydrous ammonia applied at the closer spacing gave a significant 

increase in N uptake over that at the wider spacing. At corresponding 

rates of N, the two forms gave statistically similar uptakes of N 

over the two cuts.

BLAIRNATHORT:

The N uptakes by grass at this site with the two forms 

and rates of N were as follows:

Table 19: Grassland Experiment 1966, N uptake (lb./ac.),

Blairnathort.

Control
nh3 (NH,) SO, 4 2 4 L. S. D.

40 (14”) 80 (14") 80 (7”) 40 80 0>5 .01 .001Cut
1 64.7 94.8 114.5 100.5 78.8 120.3 26.2 37.2 57.0

2 16.8 21.9 39.5 28.2 22.2 20.7 7.2 10.2 15.6

Total 81.5 116.7 154.0 128.7 101.0 141.0 21.4 37.8 53.2

With the exception of 40 units N

treatments gave a significant increase in an 

at the first cut. At the second cut the 40 

as (NH^) SO^ , fertilized

N uptake over the control

units in either form did
not significantly increase N uptake compared with the control nor did 

the 80 units N as (NH^) SO^ but the increases of 11.4 lb. N/ac. and 

22.7 lb. N/ac. brought about by NH^ - injected at 7” and 14” - were 

significant.



The uptake of N with 40 units N in either fora, over the two cuts,

was

was higher than the control although the difference with (NH,) SO 
4 2

not statistically significant. At 80 units N, however, both 

forms gave a significantly greater N uptake over the two cuts than 

the control.

While (NH^)SO^ significantly increased N uptake with 80 units
compared with 40 units at the first cut, the increase brought about 

by NH^ at the higher rate compared with the lower rate at the same cut 

was not statistically significant. The two fertilizers at corresponding 

rates were not significantly different nor was the difference between 

the two spacings. At the second cut, similar results were obtained

with both rates of N when (NH.) SO. was used, but SO units N as4 2 4
at 14” spacing, increased uptake compared with the lower rate.

Both fertilizers gave comparable results at .40 units N/ac. but at 

80 units the 7” and 14” anhydrous ammonia removed more N than the 

solid fertilizer. The wider spacing of NH^ significantly increased 

the N uptake over the closer one, the difference was 11.3 lb. N/ac.

in favour of the wider spacing.

N uptake over the two cuts with 80 units N was higher

than that 

anhydrous

of the 40 units N when applied as (NH. ) SO, . With
4 2 4

ammonia, however, there was a significant increase at the

higher compared with the lower rate when 80 units N of NH was

applied at 14” but not 7”. At corresponding rates there was no

significant difference between the two fertilizers nor was there any

between the closer and the wider spacing of NH^ at 80 units N
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Summary of effects on N uptake at the three sites

At East Lamberkin and West Netherton the two fertilizers at 

equivalent rates produced similar uptakes of N at each cut and over 

two cuts; applied at the closer spacing at 80 units N gave a 

greater uptake than the wider—spaced and also than the solid

fertilizer at the same rate of N.

At Blairnathort, at the first cut, the liquefied gas gave 

considerably higher (although not statistically significant) N uptake 

than the solid fertilizer at both rates. At the second cut while the 

two sources gave similar uptakes at 40 units N; NH^ gave considerably - 

and also statistically significant - higher N uptakes than (NH.) SO. 
. ' 4 2 4

at 80 units N . Over the two cuts, the two fertilizers gave statistically 

similar uptakes at corresponding rates. Anhydrous ammonia applied 

at closer spacing - at this site - gave a lower N uptake at each cut 

and over the two cuts than the wider-spacing although the difference 

was not statistically significant at the first cut.
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^gggNTAGE TAPPARENT * RECOVERY OF APPT,TED N.

(Fig. 8)
Percentage ’apparent’ N recovery -was calculated as fol1ows •

——ypfake from the fertilized treatment - N uptake from the control

N applied to the fertilized treatment.

At each of the three sites, differences between treatments were not 

stati stically significant.

EAST LAMBERKIN:

Per cent ’apparent’ recovery of applied N obtained at this 

site from the two forms and rates of N were as follows:

Table 20: Grassland experiment 1966, % of ’apparent’ 

recovery of applied N, East Lamberkin.

NH3 (NH, ) SO, 4 2 4
40 (14") 80 (14”) 80 (7”) 40 80

55.2 54.S 66.7 68.6 55.3

While more % N was recovered from (NH, )S0, than from NH„ 4 2 4 3
at 40 units N/ac., similar % recoveries were obtained from both

fertilizers at 80 units N when anhydrous ammonia was injected at 

14” spacing. Anhydrous ammonia injected at the closer spacing, 

however, gave a greater recovery than the wider spacing. The solid 

fertilizer applied at the lower rate gave 68.6% recovery compared 

with 55.3% at the higher rate. Both rates of NH^ injected at 14” 

produced similar recoveries, but the 7” spaced-NH^ gave a greater 

% recovery than the lower rate.

WEST NETHERTON:

% ’apparent’ recovery of applied N obtained at this site

from the two forms and rates of N were as follows:
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Table 21: Grassland Experiment 1966, % »apparent» recovery 

of applied N, West Netherton.

NH3 (NH.) SO.4 2 4
40 U4"; 80 (14”) 80 (7”) 40 80
31.2 24.3 47.7 23.6 26.5

More N was recovered from NH than from (NH, ) SO, at 40 units 

N/ac. but at 80 units slightly greater was obtained from the solid 

compared with when the latter was injected at 14” spacing. When 

applied at 7” spacing the liquefied gas gave a greater % recovery 

than the solid fertilizer. Both rates of (NH,) SO, gave similar 
4 2 4

recoveries but with anhydrous ammonia recovery was less at the higher 

rate, when spacing was 14”. When applied at 7” spacing gave a 

greater recovery than the lower rate.

BLAIRNATHORT:

% »apparent» recovery of applied N obtained at this site with 

the two forms and rates of N were as follows:

Table 22: Grassland experiment 1966, % »apparent» recovery 

of applied N, Blairnathort.

NH3 (NH, ) SO, 
4 2 4

40 (14”) 80 (14") 80 (7") 40 80

86.1 80.9 52.8 43.8 66.5

At corresponding rates of N, % recovery from NH^ was greater 

than from (NH^) SO^ except in the case of NHO injected at 7” when it 

gave a smaller recovery than (NH,) so, 4 2 4
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While at the higher N rate (NH, ) SO, 4 2 4 gave a greater recovery than

at the lower one the reverse occurred with anhydrous ammonia; the 

lower rate of NH^ gave a greater recovery compared with the higher 

one, particularly when injected at 7”.

Summary of effects on % ^apparent* recovery of applied

N at the three sites

At 40 units N/Ac., (NH.) SO. gave a higher % N recovery 
4 2 4

than NH^ at East Lamberkin but lower at each of the other two sites.

At 80 units N, the solid fertilizer gave a higher % N recovery

than NH^ a,t East Lamberkin and West Netherton but lower at Blairnathort.

At East Lamberkin and West Netherton 80 units N as

anhydrous ammonia injected at 7” gave a greater % N recovery than 

at 14” spacings and also than the equivalent rate of (NH^) S0^ ,

but at Blairnathort a lower recovery was obtained with the wider NH,

and the solid fertilizer.
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GRASS AND EXPERIMENT 19^6

% D. M. in Grass
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Fig. 6. GRASSLAND EXPERIMENT 1966
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Fig. 9. GRASSLAND EXPERIMENT 1966
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Fig. 10. GRASSLAND EXPERIMENT 1966
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B: GREENHOUSE EXPERIMENT 1966

Results presented herewith are the means over the three 

soils used in this experiment as the pattern of results 

obtained with each soil showed a similar trend.
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I HELD OF GRASS D.M.

(Fig. 12 and 13)

Table 23: Greenhouse experiment 1966/67;

Yield of grass D.M. g/pot

H = NH. OH S = (NH. ) SO. N,, No, .... rate of N

Cut Form N1 N2 N3 H4 N6
L. S. D.

.05 .01 .005

1 H 4.12 5.05 5.55 6.61 6.01 2.09 .51 .74 .97
S 4.49 4.99 6.51 7.49 6.83 5.40

2 H 1.83 2.54 4.37 8.60 9.38 4.71 .58 .79 1.00
S 1.82 2.84 5.77 8.73 9.40 10.04

3 H 0.94 1.21 1.88 5.62 9.25 9.00 .68 .80 1.18
S 0.97 1.30 2.56 5.62 9.53 10.55

4 H 0.77 0.83 1.01 2.54 8.64 12.25 1.09 1.45 1.81
S 0.78 0.89 1.24 2.96 10.06 11.83

5 H 0.69 0.73 0.89 1.41 4.17 10.57 .87 1.15 1.50
S 0.76 0.77 0.99 1.65 6.29 10.74

6 H 0.49 0.47 0.50 0.78 i 1.36 2.82 .25 .33 .43
S 0.50 0.55 0.59 0.88 ; 1.94 3.06

! Total H 8.82 10.80 i14.28 25.56 I 38.82 41.46 2.04 2.70 3-36
S 8.30 U.34 17.64 27.36 44.04 51.60

Table 24: Greenhouse experiment 1966/67, Number of plants

survived 2 weeks after emergence at

12)4-0 lb. NH. OH-N (out of 100 seeds sown)
Ip

No. of survived □lants/pot
I II III

Soil A 30 20 5
” B 65 60 50
" C 70 65 _6Q_____
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Two weeks after most plants had emerged there were sti 11 

many bare patches of soil, with no plants in pots receiving the highest

rate of NH,OH. 4 The plants which did germinate were curled and thin

and their population was the lowest in the lightest soil.
At the first cut, increasing 

as either (NH^SO^ or NH^OH increased
the

the
(The difference in yield between 45 and 90

between 90 and 180 lb.

rate of N up to 36O lb. N

yields of grass D.M.

lb. (NH^) SO^ - N and

NH^ OH - N were not statistically significant).

When N rate was increased from 36O to 720, and then to 1440, the 

yields were significantly and progressively decreased. Yields obtained 

from these 3 rates of N, (i) as (NH^) 80^ were 7.5, 6.8, and 5.4 g/pot

respectively; and (ii) the corresponding yields with NH.OH were 6.6, 
4

6.0, and 2.0 g/pot. The low yield from the highest rate of (NH,) SO,
4 2 4

was still

the yield

greater than from the lowest (45 lb. N) whereas with NH, OH 
4

from the highest rate was significantly lower than that from

the first rate.

The two forms gave similar yields

N (i.e. 45 and 90 lb. N/ac.) but at 180 lb.
at the first two rates of

gave significantly higher yields than those

N/ac. and above (NH,) SO, 
4 2 4

At the second cut, increasing the

from NH, OH.4
rate of N as (NH.) SO, 

4 2 4
increased yields; although the difference between the two highest

rates was not significant. On the other hand, NH.OH increased yields
•Ar

with increasing rate of N up to 720 lb. N/ac. after which a significant 

decrease occurred. However, at this cut, and contrary to findings 

at the first one, the yield at the highest N rate was significantly 

greater than that at the lowest (45 lb. N/ac.)
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The two forms gave similar yields at 45 lb. N/ao. At

90 lb. N and over (W4) SO^ gave greater yields than those from 

OH and this was particularly significant at ISO and IMO lb. H/ac.

t the 3rd cut, yields increased as the rate of (NH ) SO, -N 
• , 4 o 4was increased although the 0.6 D.M. g/pot increase obtained a?

1U0 over 720 lb. N/ac. was not statistically significant. On the

other hand increasing the rate of HH, OH -N up to 720 lb. N increased 

yield; then at 1440 lb. N there was a slight (though not statistically 

significant) decrease.

However,

Higher yields were given by 

this was significant only at
over those from NH^ OH.

180 lb. N and 1440 lb. N.

At each cut from the 4th to the 6th inclusive, increasing 

the rate of N as either form increased yield; this was par+.ir.nlariy 

significant when the rate of N was increased above 180 at both 4th 

and 6th cuts and above 360 lb. N at the 5th cut. At each of these 

three cuts (4th, 5th., and 6th.), (NH. ) SO. gave higher yields than 

NH4 OH except at the 4th cut when the 1440 lb. NH. OH-N gave higher, 

but not significant, yield than the comparable rate of (NH, ) SO, - N.
4 2 4 

Differences between the two forms were particularly signi f jrant at 

/20 lb. N at each of these 3 cuts.

The yields of total grass D.M. (from 6 cuts) increased with

increasing rates of N - in either form. This was particularly significant
as the N rate was increased from 90 lb. N to 180 lb. N and over;

with (NH,) SO, 4 2 4 on the other hand significant increases in yield occurred

as the N rate was increased from 45 lb. N and over.
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Except at 45 lb. N when a small, and not statistically

significant, higher yield was given by NH^OH compared with that given

by (NH^SO^ , 

greater yields 

increased with

at each of the remaining N 

than NH^OH. The difference 

increased rate of N and was

rates (NH^) S0^ produced 

between the two fertilizers

particularly significant
at ISO, 720, and 1440 lb. N/ac., while at 180 lb. N (NH.) SO. gave

4 2 4
3.36 g/pot more of dried grass than that given by NH.OH, differences in

favour of (NH.) SO.
4 2 4 

N/ac. respectively.

were 6.22 and 10.14 P.M. g/pot at 720, and 1440 lb.
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II DRY matter concentration 
(Fig. 14)

Results obtained were as follows:

.Table 25: Greenhouse grass experiment 1966, 

% D.M. in grass.

Cut
N 
Form M1 N2 h3 k4 N6 L. S. D. 

.05 .01 .001
1 H

S
11.6 11.1 io.S 10.9 11.4 12.0
11.8 11.4 10.7 10.7 11.0 11.9

N.S.
0.47 .67 1.02

2 H
S

18.0 17.4 16.6 17.2 17.1 14.3
17.8 17.1 16.9 17.6 16.3 15.6 1.30 1.85 2.82 N.S.

3 H
S

20.6 20.8 20.1 17.7 20.5 13-9
20.3 20.0 19.7 19.5 20.1 18.2

1.80 2.25 3.21

4 H
S

17.4 18.6 19.4 17.6 15.7 13.7
18.4 19.1 19.8 18.7 15.4 14.6

1.98 2.82 4.35 N.S.

5 H
S

20.6 21.0 21.2 22.7 23.6 21.7
21.8 21.0 22.3 22.5 22.5 20.6

1.20 1.59 2.30

6 H
S

25.2 25.7 25.4 26.5 25.1 24.2
26.4 27.1 26.0 26.2 26.1 24.8

2.40 3.41 5.31 N.S.

H = NH, OH S = (NH, ) SO, Nn , No, .... rate of N
Hr g X zi

N.S. = F and N F

At the first cut, % D.M. decreased as the rate of N in 

either form - increased from 45 to ISO lb. N but D.M. increased above 

180 lb. N. At 45 and 90 lb. N/ac (NH, ) SO, gave a greater % D.M.
2

than NH, OH, but above 90 lb. N NH,OH gave a higher % D.M. than 

(NH, ) SO, .4 2 4
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At the second cut, there was a decrease in D.M. concentration

with increasing rate of N. At the first two rates (45 and 90)

at 720 lb. N/ac. NH.OH gave a higher % D.M. than (NH, ) SO, but 
4 4 2 4

and

at
the remaining three rates (NH,) SO. gave higher results than NH 

2 4 ' OH.
At the third cut decreasing % D.M. was obtained with increasing rate

of N.

the two

Except at 180 and 1440 when (NH, ) SO, gave a higher % 
4 2 4

forms gave similar results.

D.M.,

At the fourth cut there was an increase in % D.M. as the rate

of N increased from 45 to 180 then a decrease with increasing rate
of N up to 1440 lb. N/ac. At each rate - except 720 lb. N when

NH.OH gave a higher % D.M. than (NH, ) SO
4 4 2 ' - NH^ OH gave a lower

% D.M. than (NH, ) SO 
4 2

At the fifth cut, increasing rate of N - up to 36O lb. N as

(NH,) SO 
4 2 -

(NH, ) SO 
4 2 ‘

and 720 lb. as NH^OH - gave increasing D.M. concentrations.

produced greater D.M. concentrations than NH, OH at rates 4 h

of 45 to 360 inclusive above which the reverse occurred.

At the sixth cut there was an increasing concentration of D.M.

with increasing rate of N - up to 90 with

with

rate

NH^ OH - then the D.M. concentration 

of N. (NH, ) SO, gave higher D.M. 
4 2 4

(NH, ) SO, and 360 lb. N 
hr q h

decreased with increasing

concentrations than NH, OH4

4 *

4 4

at all rates of N except at 360 when NH,OH gave a greater % D.M.

However, differences produced by the two fertilizers were statistically 

significant only in the following cases: (a) at the 3rd cut at 360 

and 1440 lb. N/ac., (b) at the 5th cut at 45 lb. N/ac.
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III % N IN GRASS D.M.

(Fig. 15)

Results obtained were as foilnws:

Table 26: Greenhouse grass experiment 1966/67 

% N in grass D.M.

Cut Form Nn N N N, Nc N,
L. S. D. 

.05 .01 .001

1 H
S

2.79 3.36 4.06 4.50 4.55 4.S9
2.79 3.56 4.35 4.57 4.69 5.07

.25 .36 .44

2 H
S

1.80 1.S3 2.00 3.56 4.07 4.77
1.87 1.S3 2.32 3-65 4.60 4.87

.23 .31 .40

3 H
S

1.80 1.81 2.00 2.15 3-27 4.37
1.88 1.81 1.73 2.11 3.83 4.54

.23 .31 .40

4 H
S

2.13 2.09 2.01 1.73 2.53 3.54
2.08 2.08 1.91 1.84 2.93 4.08

.25 .36 .44

5
»

H
S

1.76 1.66 1.74 1.43 1.43 2.24
1.70 1.66 1.54 1.52 1.85 3.04

.17 .23 .29

6 H
1 s

1.77 1.70 1.59 1.38 1.77 2.37
1.61 1.56 1.47 1.56 1.93 3.14

.23 .31 .40

H = NH,OH S = (NH.) SO, Nn, No.... rate of N

At each cut from the 1st. to the 3rd. inclusive there was

an increase in % N in grass D.M. as the rate of N, as either compound,

was increased. At each of the other 3 cuts (from 4th to 6th inclusive)

there was a decrease in % N as the N rate was increased from 45 to

360 lb. N/ac (as either form) then an increase when the rate was

increase above 360 lb. N (See.Fig. 15). Except for a significant

increase in % N from ISO lb. N/ac. as NH^OH compared with (NH^) S0^

at the 3rd and 5th cuts, slight increases brought about by NH^OH

over (NH,) SO. at rates of 45 to ISO inclusive at the 4th and 6th cuts 
4 2 4

were not statistically significant, nor were the increases at 45 lb. N 
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increases at 45 lb. N/
at the 5th cut and at 360 lb. N at the 3rd cut. With exception of 

these cases, (NH^^SO^ gave either a similar or greater % N than

OH. Similar % N values were obtauned from both forms at 45 lb. N
at 1st cut, and at 90 lb. N at 2nd to 5th cuts inclusive.

A significantly greater % N with (NH^) SO^ as compared with 

OH occurred at 180 lb. N at cuts 1 and 2 and at 720 lb. N/ac. at 

cuts 2 and 5 inclusive, and at 1440 lb. N/ac. at the 4th, 5th and 

6th cuts.



-106-

IV N UPTAKE 

(Fig. 16) 

Results obtained are as fol1 own •

Table 27: Greenhouse grass experiment 1966/67 

N uptake (mg/pot)

Gut Form N1 Ha N3 N4 N5 H6
L. S. D. 

.05 .01 .001

1 H
S !

115.0 171.4 226.4 297.9 273.1 100.5
126.1 177.5 283.6 343.0 320.8 271.4

28.4 35.3 49.0

2 H
S

33.6 47.1 92.7 308.1 38I.7 219.4
34.8 52.3 136.2 319.8 432.6 489.1

25.2 33.8 44.0

3 H
S

16.9 21.5 37.2 124.4 303.3 392.4
17.9 23.3 44.8 123.4 366.9 479.7

24.4 32.5 42.4

4 H
S

16.4 16.9 19.4 44.0 220.5 431.1
16.1 18.3 22.9 54.8 303.0 483.8

31.0 41.4 53.7

5 H
S

12.1 12.2 15.4 20.2 59.9 247.5
12.9 12.8 15.3 24.7 124.0 342.5

16.4 35.1 45.6

6 H
S

8.6 8.0 8.0 10.7 23.6 67.8
7.8 8.5 8.7 13.2 38.5 100.4

6.8 9.0 11.8

Total H
S

202.8 277.2 400.8 8O5.21261 g1458.6
215.4 282.8 511.8 879.0,d2166.6 « 0

78.2 105.1 166.8

H = NH.OH S= (NH. ) SO. N-., N , .... rate of N

At the first cut, increasing uptakes were obtained by 

increasing N up to 360 lb. N, as either (NH. ) SO. or NH.OH, but at 

rates higher than 360 lb. N, the uptake progressively decreased.

At 144© lb. NH.OH - N the 4 N uptake was in fact nearly similar to that 

at 45 lb. N/ac. At each rate of N, (NH. ) SO. removed more N than

NH.OH, 4
and this was statistically significant at rates above 90 lb. N/ac.
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At the second cut increasing the rate of N as (NH,) SO 
4 2 

increased N uptake; the differences between the first two rates - 

i.e. 45 and 90 lb. N - however, were not statistically significant. 

With NH^OH on the other hand although differences between the first 

two N rates were not significant an increase in uptake occurred up 

to 720 lb. N, after which the N uptake was decreased.

At 180, 720, and 1440

uptake

NH/OH;
A-

of N from the (NH, ) SO, 4 2 4 
however the differences

lb. N there was a significantly higher 

treatments compared with those of 

which were in favour of (NH, ) SO,
4 4

at the other three rates were not significant.

At the 3rd. and remaining cuts, increasing the rate of each

fertilizer increased uptake of N. However, up to ISO lb. N at the 

3rd cut, and up to 360 lb. N at each of the remaining cuts, differences 

between adjacent rates were not significant.

At each cut from the 3rd to the 6th, inclusive, the higher 

N uptake from (NH,) SO. as opposed to NH.OH was significant only 

at 720 and 12,4-0 lb. N/ac.
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V CONG.OF P IN GRASS D.M.

(Fig. 17)

Results obtained were as follows:

Table 28: Greenhouse grass experiment 1966/67

Concentration of P in grass
( ME. H?P0. - /100 G D.M.)

Cut Form N1 N2 N3 ”4 N_ N6

L. S. D.
F.N. F..05 .01 .001

1
H

S

11.41

11.66

10.30

10.51

10.55

10.80

10.04

10.19

10.19

10.04

11.01

10.90
1.61 2.27 3.50 N.S. N.S.

2 H
S

14.81
14.67

13.56
14.21

12.81
11.80

9.72
9.36

S.43
9.90

10.40
9.04

1.23 1.73 2.66 N.S.

3 H
S

14.17
12.84

13.16
12.09

12.52
11.37

10.83
10.01

7.68
8.75

8.54
7.89

1.5S 2.22 3.40 N.S.

4 H
S

16.43
16.29

15.78
16.11

15.27
13.34

12.09
12.23

9.47
10.44

9.65
7.50

2.05 2.88 4.40 N.S. N.S.

5 H
S

14.56
13.38

13.63
13.67

14.03
12.88

12.73
11.44

10.37
9.40

8.43
7.86

1.69 2.33 3.65 N.S.

6 H
S

10.40
10.62

9.25
10.55

10.08
10.94

11.62
11.30

10.08
9.51

9.36
7.57

2.06 2.89 4.42 N.S. N.S.

H = NH.OH S= (NH, ) SO, N,, No, N„.... rate of N
4 4 2 z

F.N. = Forms and rates of N F = Forms of N

Vhe effect of N on the P concentration in grass was as follows :- 

At each of the first four cuts, increasing the rate of N as NH^OH up 

to 720 lb. per acre resulted in a decrease in P cone.; but over 720 lb. N 

increase in P cone, occurred when the rate was increased . At the 5th 

and 6th cuts a decrease in P cone. occurred as N rate was increased 

up to 1440 lb. N/ac.
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With (NH^) SO^ , at cut 1 the decrease in P cone, occurred up to 

726 lb. N/ac. after which there was an increase at 1440 lb. N/ac. 

On the other hand, there was a decrease in P cone, at each of the 

2nd to 6th cuts, inclusive, as the N rate was increased. Except 

at 45 lb. N/ac. at cut 3 when there was a significant difference 

(in favour of NH^OH), none of the differences between the two 

fertilizers - described below - was statistically significant.

At the 1st cut P cone. with (NH. ) SO, was slightly greater 
4 2 4

than with NH.OH at 4
reverse occurred.

rates up to 360 (inclusive) after which the

generally produced

At each cut from the 2nd to the 6th, NH^OH 

grass D.M. with a higher P concentration than
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vi P UPTAKE

(Fig. 18)
Results obtained are as follows:

Table 29 : Greenhouse grass experiment 1966/67
P uptake (me H^PO^ /pot)

1

Cut Form N, No N, Nc N,1 2 3 4 5 6

L.S.D.
.05 .01 .001

1 1 H
S

.471 .507 .581 .662 .609 .225

.524 .521 .704 .763 .677 .587
.100 .133 .173

2 H
S j

.271 .332 . 549 . 831 .789 . 471

.266 .401 .671 .814 .929 .907
.090 .119 .155

3 H : 
s i

.132 .155 .231 .592 .708 .771

.123 .153 .286 .556 .829 .832
.074 .098 .128

4 H
S

.125 .127 .151 .307 .793 1.178 

.124 .142 .158 .354 1.026 .878
.102 .135 .176

5 H
S

.100 .102 .123 .177 .440 .876
| .100 .106 .128 .182 .595 .814

.094 .125 .162

6 H
S

.051 .043 .050 .090 .136 .261

.050 .058 .064 .101 .182 .227
.028 .037 .047

Tota1 H 
s

1.152 1.266 1.693 2.659 3.475 3-784
1.188 1.381 2.011 2.772 4.238 4.244

.204 .270 .354

H = NH^OH S = (NH^) SO^ Np N2, N^.... rate of N

At the first cut, both fertilizers increased the uptake of 

P as the N rate was increased from 45 to 360 Ib./ac. Thereafter P 

uptake decreased progressively. However, except for significant 

differences between 90 and ISO lb. N as (NH^) SO^ and between 360 and 

720 lb. N as NH.OH, the differences between adjacent rates were not 
4 ’

statistically significant.
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(NH. ) SO. removed a greater amount of P than NH.OH at all rates 
4 2 4 *

3 rates of N (i.e. 45, 90, and 180 lb. N), as either form, when

the rate was increased above 180 lb. N the increase in P uptake was

of N and this was particularly significant at 180, 360, and 1440 lb. N/ac.

At the second cut, increasing the rate of N as (NH.) SO, 
^2

up to 720 lb. N/ac. increased P uptake but when the rate of

(NH^) S0^ -N was increased from 720 to 1440 lb. N/ac., there was a

slight, but not statistically significant, decrease in P uptake.

With NH.OH, 

in N rate

on the other hand, P uptake was increased with the increase

up to 360 lb. N/ac. after which there was a decrease in

the uptake of P. However, differences between the 45 and 90 and

between 360 and 720 lb. NH^OH-N were not statistically significant.

A greater uptake occurred with (NH.) SO. compared with NH.OH at 90,
2 4 A

180 , 720, and 1440 lb. N/ac. and was statistically significant at each

of these rates except 90 lb. N/ac. At the other two rates (i.e. 45

and 360 lb. N) the two forms gave similar results.

At the 3rd cut each form increased P uptake with increasing

rate of N. This was particularly significant at rates from 90 to

720 lb. N/ac. Slight, and not statistically significant, higher

uptake of P was obtained with NH^OH than with

and 360 lb. N/ac. On the other hand, at the

(NH.) SO. at 45, 90, 
4 2 4

remaining 3 rates

(i.e. 180, 720, and 1440 lb. N)

compared with NH^OH and this was

(NH.) SO. gave a greater P uptake 

particularly significant at 720 lb. N/ac.

At the 4th cut, NH.OH increased P uptake with increasing

rate of N up to 1440 lb. N; followed a similar pattern

up to 720 lb. N above which the uptake decreased. However, while

there was no statistically significant difference between any of the

2

first

statistically significant.



-112-

Both forms gave similar results at rates up to 180 lb. N/ac. but

at 36O and 720 lb./ac., (NH,) SO, gave a greater uptake than NH,0H 
2 A

and this was particularly significant at the latter rate. At the

highest rate (NH^) S0^ gave a significantly lower uptake than NH^OH.

At the 5th and 6th cuts each form increased P uptake as

the rate of N was increased. However, the results from the first 

4 rates at the 5th cut and those from the first 3 rates at the 6th cut 

were statistically similar.

Except at 45 Ib.N when the 2 forms gave similar P uptake,

at each of the above (5th and 6th) cuts gave greater P

uptake at each rate from 90 up to 720 lb. inclusive, as compared with

NH.OH. At 1440, however, NH.OH 

(NH^) S0^ . Nevertheless, the 

statistically significant at 720

gave a greater P uptake than 

differences between the 2 forms were 

lb. N at both cuts, and at 1440 at
the 6th cut only.

Over the 6 cuts, increasing the rate of N up to 720 lb. N/ac.

as (NH,) SO, 4 2 4 resulted in an increase in P uptake.

gave a similar uptake to that from 720 lb. N. With 

The 1440 lb. N

NH^OH, on the

other hand, P uptake was increased with increasing rate of N up to 

the highest rate (i.e. 1440 In. N). Differences between the first.

2 rates (i.e. 45 and 90 lb. N), however, were not statistically

significant with both forms. (NH,) SO, compared with NH.OH gave a 
A* 2

greater uptake at all rates of N and this was particularly signi f leant 

at 180, 720, and 1440 lb. N.
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(A) : FIELD EXPERIMENT 1966

£1) YIELD OF DRY MATTER GRASS

At each site, yields from anhydrous ammonia injected at 14”

were less than those from (NH.) SO, 4 2 4 at the first cut. (Fig. 4).

At the second cut, while yields from both fertilizers at the lower 

rate were similar at Blairnathort and similar at the higher rate at 

West Netherton, j at each of the two rates at East Lamberkin • at the 

remaining rate at the other sites, the solid fertilizer gave a smaller 

yield than anhydrous ammonia.

The higher yields at the second cut with anhydrous ammonia

relative to (NH^) SO^ were not enough to make up for the difference

at the first cut in favour of (NH, ) SO, . The solid fertilizer4 2 4
therefore gave a higher total yield than the liquefied gas. (Fig. 4).

Injecting anhydrous ammonia at 7”, although producing a greater yield 

than the wider spacings at both East Lamberkin and West Netherton - 

but a lower yield at Blairnathort, - did not produce as much grass

D.M. as (NH^) SO^. Two cuts were taken at West Netherton and 

Blairnathort but only one at East Lamberkin.

A number of workers (Jeater, 1966; Jeater, 1967; Mulder, 1953;

Scholl et al., i960) have reported that anhydrous ammonia applied to 

grassland gave a lower total yield than solid fertilizers. The same 

workers also reported a greater yield from NH at the second cut.

There are a number of factors which collectively may be

responsible for anhydrous ammonia giving a lower total yield of grass.

These factors are as follows:-
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iA)__ TOXIC AND SCORCH EFFECTS ON PLANTS:

When injected ammonia is released into the soil along the 

line of injection and comes into contact with grass roots along that 

line it may damage them. On the other hand, puffs of gaseous ammonia 

which escaped when the injectors were forced out of the soil by stones

scorched the foliage of grass when it came into contact with the fumes
Two days after injection the grass along injection lines was paler
in colour (yellowish green) at all sites compared with the rest of
the field. This paler colour persisted for two weeks after ammonia
injection During this time the growth of grass was retarded compared
with (NH.) SO, treatments. 2 4 At Blairnathort, increasing the rate of

NH^ resulted in a decrease in grass yield at the first cut The

injurious effect

growth much more

of gaseous NH^ on plants roots would retard 

than its scorch effect on foliage. At East

grass

Lamberkin -

the stonier site - where escaped gas puffs were more frequent, the 

colour of grass along the injection line was even paler than at the 

other two sites.

Cooke (1962) found that NH^ damaged roots of maize seedlings. 

Similar results were reported by other workers (Lorenz et al., 1955;

Allred and Ohlrogg, 1964; Hunter and Roseman, 1966; and Parr and 

Papendick, 1966). Chalmers (1962) reported a retardation of growth 

due to the toxic effect of NH^ on grass; this lasted for two weeks 

after application. Burg, et al., (1967) also showed that wheat yields 

were decreased by the toxic effect of anhydrous ammonia on roots, as 

the rate of N increased from 63 to 126 lb. N/ac.
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(2) MECHANICAL DAMAGE TO PLANTS:

In the process of* injecting anhydrous ammonia into grassland, 

grass turf was sliced down to the point, and along the channel of 

injection - 4” - 6n deep- and mechanically damaged plant roots. Torn 

and exposed roots cannot provide plants with the same quantity of 

nutrients as healthy ones; therefore less growth is expected.

Tractor wheels can also cause mechanical damage to grass turf especially 

when the soil is too dry or too wet and the force of traction becomes 

greater. At each of the three sites, pieces of torn grass were 

thrown over by the applicators and torn roots were seen along the 

lines of injection. The effect of this type of mechanical damage on 

yield was obvious at all sites at the first cut when injected anhydrous 

ammonia gave less yield than (NH. ) SO. 4 The channels opened by the 
2 4 

anhydrous applicators were still present six weeks after application.

By the time the second cut was taken these channels had sealed over 

and roots had regrown. This made up for the lost roots and resulted 

in better utilization of plant nutrients particularly the residual N, 

and consequently brought about higher yields than those obtained by 

the solid fertilizer. However, because most of the total yield over 

two cuts was taken at the first cut, the lower yield resulting from 

mechanical damage at the first cut could not be compensated for at 

the second one and thus the solid fertilizer gave greater total yield.

Mulder (1953), Jameson (1959)9 Jeater (1966, 1967) 

reported that mechanical damage caused by anhydrous ammonia injection 

equipment could result in varying decreases in yields of grass especially 

when the soil was very dry or very wet. Mulder (1953) showed that in 

some cases mechanical damage caused a 30^ reduction in yield but had 

hardly any effect in some other cases.
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Jeater (1966) reported that the soil at one of the sites, where his 

experiments were conducted was too wet, considerable damage to grass 

turf was caused by injection tines and tractor wheels. The attempt 

to have an experiment at this site was therefore cancelled.

(3) LOSSES OF GASEOUS NH^t

Gaseous losses of NH^ into the atmosphere occurred during 

the process of injection. It was difficult to assess the magnitude 

of this loss at each site. At East Lamberkin, the gaseous loss 

appeared to be greater as large puffs of ammonia fumes were observed 

escaping into the atmosphere as the injectors struck the many large 

stones which were present in the soil. At the other two sites the 

loss of gaseous ammonia into the atmosphere was less noticeable.

Escape of gas during application was reported by a number 

of workers (Mulder, 1953; Hunter and Jarvis, 1954; Jameson, 1959; 

Burg et al., 1967).

(4) A LESS EVEN DISTRIBUTION OF N IN SOIL:

Application of anhydrous ammonia in lines resulted in a 

less even distribution of N in the soil compared with (NH^) SO^ 

which was broadcast by hand and evenly distributed over the soil 

surface. After anhydrous ammonia is injected it moves into the 

soil around the line of injection. Blue and Eno, 1954, and McDowell 

and Smith, 1958, reported that NH^ moved only 2 to 3 in. from the 

point of injection. The concentration of N in the soil would be 

greater in the inmediate vicinity of the lines of injection and less 

at the periphery. Consequently as nitrification takes place, the 

concentration of NO^ immediately around the injection line will be

greater than at the periphery.
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Therefore roots nearest the injection line will get a greater share 

of fertilizer N resulting in more growth than plants far from it. 

The effect of this pattern of NH^ distribution was clearly defined 

at each site. Two weeks after NH^ injection, a darker green colour 

and more growth were observed on the grass immediately above the 

injection rows compared with the rest of the NH^ area. The intensity 

of the colour and the density of growth decreased as the distance from 

the injection line increased. This pattern gradually disappeared 

after the first cut although it was still noticeable after the second 

cut was taken. At East Lamberkin because cereals (oats) preceded 

grass, in the season previous to the experiment, and because the soil 

was much stonier and consequently less fertile than at West Netherton 

and Blairnathort, this phenomenon of alternate growth and colour of 

grass was very much more distinguished than at the other two sites. 

By applying NH^ at closer spacing, yields at the first cut at both 

East lamberkin and West Netherton were greater than at the wider spacing. 

However, the smaller yield with the 7” application compared with 14”- 

spacing at Blairnathort was due to the relatively greater effect of 

mechanical damage at the closer spacing at this site.
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(2) EFFECT OF CLOSER - AS COMPARED TOTH TOPER-SPACING

OF NH^ ON YIELD

Application of anhydrous ammonia at closer-spacing would 

result in disadvantages on one hand against against one beneficial 

factor on the other compared with the wider-spacing. The disadvantageous 

factors are related to increases in the magnitude of two of the four 

drawbacks relating to the use of NH^; namely (a) more mechanical damage 

(b) a greater toxic effect. The advantageous factor is the”more even 

distribution of NH„” from the closer spacings.

The effects of these factors are as follows:-
(a) More mechanical damage to grass turf and roots:

A greater slicing action will occur on grass when the number 

of injection lines is increased. Apart from tearing grass roots there 

would also be more dry cracks in the soil since channels were slow in 

sealing over. Therefore roots around the crack zone will find difficulty 

in regrowing due to lack of enough moisture. This was illustrated 

at Blairnathort, the effect of mechanical damage upon injecting NH^ 

at 7” was greater and offset the beneficial effect of a more even 

distribution of NH^ as compared with the 14n-spacing.

(b) More toxic effect:

By injecting ammonia in a greater number of lines more plants 

would come into contact with the toxic material. This may result in 

a greater proportion of plants with injured roots. However the greater 

concentration of ammonia in the wider-spaced lines as compared with 

the closer-spaced ones may render this factor of minor importance. 

Nevertheless, a greater number of toxicated plants, in the closer-spacings, 

may have affected the yield of grass.
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At all sites of the experiment, grass receiving at closer spacing, 

showed more retardation in growth compared with that of the wider-spacing 

during the first two weeks after application.

More aven distribution of NH

Injecting NH^ at closer-spacing will result in a more even

distrioution of the material in the soil than when applied at the 

wider—spacing. This was reflected by the greater yield with the 

closer-spacing compared with the wider-spacing at both East Lamberkin 

and West Netherton.

The ultimate effect on yield of closer-spacing against the 

wider-one depends on whether or not the increase in yield due to the 

beneficial cause alone would compensate for the decrease caused by 

the harmful effects.

While the beneficial effect at Blairnathort was not great 

enough to make up for the decrease in yield caused by the disadvantageous 

factors, the reverse occurred at both East Lamberkin and West Netherton. 

The increase in the degree of mechanical damage at the closer-spacing 

at Blairnathort must have had a greater effect than it seemed through 

observation. Although uprooted grass turf and torn grass roots 

dragged with the injectors were less at this site than at the other two, 

because of the relatively wet soil at Blairnathort, the relatively 

deeper cracks in the soil due to the slower sealing over may have 

caused roots in the crack zone to regrow more slowly.

However, even at East Lamberkin and West Netherton sites 

when the closer-spacing gave greater yield over the wider-spacing, 

the higher yields were still lower than those given by (NH^) S0/( . 

This was evidently due to the greater mechanical damage which occurred.
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(3) THE RELATIVE IMPORTANCE OF FACTORS 

RELATING NH APPLICATION

At all sites, the toxic effect of NH^ on the plant played 

an important role in causing a lower yield compared with (NH. ) SO..
4 2 4

This is demonstrated by the smaller increase in yield obtained

upon increasing N rate as anhydrous ammonia compared with the

greater increase 

in the following

in yield in the case

table:

of (NH. ) SO..
4 2 4 This is shown

Table 30- Grassland Experiment 1966, increases and differences

in D.M. yield of grass, 1st Cut, with the 2 rates

and forms of N (Cwt./Ac.) .

Site

Increase in yield at 80 units 
N/ac. over 40 units N/ac.

Difference in yield between 
the 2 fertilizers (in favour 
of (NH.) SO.

4 2 4
NH3 (NH. ) SO.

4 2 4 40 units N 30 units N

East Lamberkin 0.4 0.6 5.0 5.2

West Netherton 3.0 4.7 6.5 8.2

Blairnathort -0.5 7.7 0.4 8.6

The contribution from mechanical damage and losses of gaseous

NH^ were different at each site. At 

NH^ and mechanical damage contributed

East

to a

West Netherton, although puffs of NH^ were

Lamberkin, losses of

considerable degree.

gaseous

At

sometimes observed escaping

into the atmosphere, the amount lost was less than at East Lamberkin.

Also mechanical damage to grass was less than at the first site (East

Lamberkin.) as the soil was more friable.
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At Blairnathort, gaseous losses were negligible and yields 

at 80 units were even less than at 40 units N/ac. This suggests that 

toxic effect was by far the most important factor causing the lower 

yield from NH^. The soil at this site was relatively wet which may 

have resulted in greater concentrarion of NH in the immediate vicinity 

of the injection line and therefore affecting plant roots to a greater 

extent. Eno and Blue (1954) found that when the soil moisture increased, 

concentration immediately around the injection line was higher than 

at lower moisture content. They attributed this to the smaller pore 

spaces for NH^ to disperse in.

STIMULATION EFFECT ON PLANT GROWN DUE TO (NH, ) SO •- 
_________________________ ___ 4 2 4

Application of (NH^) SO^ resulted in a greater % P (Fig.10) 

and P uptake (Fig. 11) by grass as compared with NH^. Although 

the solid fertilizer, generally, resulted in lower soil pH (Fig. 9), 

this is not likely to be the reason for the greater uptake of P as 

differences in soil pH of soils receiving the two forms were very 

slight. It follows that as (NH^) SO^ gave grass of greater growth 

than NH , the more extensive root system of the (NH. ) SO. - plots 
4 2 4 

enabled plants to uptake more P as compared with NH^ plots.
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(4) % N IN D.M, GRASS AND N UPTAKE

Except at Blairnathort when the 40 units N of (NH.) SO.
4 2 4 

gave slightly - but not significantly - higher % N in grass over 

that of NH^ at equivalent rate of N, (Fig. 6), the liquefied ammonia 

produced grass with a higher % N than that which received (NH,) SO, . 
4 2 4

A higher % N made up for the lower yield from NH^ as compared with

(NH^) SO
2

and anhydrous ammonia generally gave greater uptake of N

than

- in

more

(NH.) SO..
4 2 4

Through an imposed change in the soil microbial population

the zone of injection lines - anhydrous ammonia may have produced

NO„~N as compared with (NH.) SO, as some workers have reported 
3 4 2 4

(Anderson and Purvis, 1955; Eno and Blue, 1957). Eno and Blue, 1954,

and Eno et al., (1955) showed that anhydrous ammonia reduced the number

of soil micro-organisms in the zone of injection path immediately upon

application, then the soil microbial population increased and bacteria 

increased to a higher population than before application. Fabian (1957)

reported similar results.

may have occurred in this

concentration in the soil

The increase in bacterial number, which

experiment would result in a greater NO^ 

which received anhydrous ammonia compared

SO. . This would interpret the greater N 2 4with that receiving (NH^)

uptake of the anhydrous ammonia treated grass (Fig. 7). This was 

confirmed by the greater N uptake at each site — except Blairnathort — 

when NH^ was applied at closer spacing. By increasing the number of 

NH^-injection lines, a greater population of soil micro-organisms will 

come into contact with the injected material thus more NO^ would be

produced.
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_(B): GREENHOUSE EXPERIMENT 1966

In this experiment (NH,) SO. compared with NH.OH was a better 
2 4

nitrogenous fertilizer for ryegrass for grass D.M. than NH, OH. This
4

was particularly evident as the rate of N was increased. At 45 

and 90 the difference in yields of dried grass produced by each of 

the two forms was not statistically significant but as the N rate 

was increased the differences were always significant and in favour 

of (NH.) SO, .4 2 4

Two

of (NH,) SO,4 2 4 
disadvantages

These factors

main factors could have accounted for the superiority 

over NH^OH but these are associated more with the

of NH,OH

could be

than with the advantages of (NH, ) SO, .4 2 4 
described as follows:

(1) TOXICITY OF NH^ TO PLANTS:

The solution of NH^ in water produces a weak alkali which

only partially dissociated into NH,' and OH
4

which is completely dissociated into NH,' and4
follows that, in aqueous solution of ammonia, 

ions, unlike (NH,) SO, 4 2 4
SO^ ions. It therefore

NH^ molecules are present

along with NH^ and OH ions. As the degree of dissociation in aqueous

ammonia is nearly constant, a greater amount of dissolved NH^ is present

in solutions of higher concentration«

Soils

of ammonia in a

which received NH,OH were 4
constant volume of water.

given their N as a solution

Therefore as

concentration was increased, the amount of the non-ionic

the NH^

NH^ also became

greater

Seeds were sown immediately after treating the soils with the
ammonia solutions. Because of the toxicity effect of ammonia, gas on

plant tissues, the ungerminated grass seeds and developing seedlings 

must certainly have been damaged, by NH^ gas.
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For 14 days after emergence visible symptoms of toxicity were observed 

on the grass which had received NH.OH at over 36O lb. N/ac. Leaves 

were twisted, and curled; plants were weaker and smaller; growth 

was slower as compared with the grass which had received the same rate 

of N as (NH.) SO. . At 45 lb. N there was little difference in appearance 
2

between grass receiving either of the two forms. At 90 lb. N, the grass 

which had received NH^OH was relatively but slightly slower in growth 

compared with (NH,) SO, treatments. There was a greater retardation 
2

in growth with NH.OH-grass at ISO, and 360 lb. N than at 90 lb. N. 
¿4.

At the two highest rates, the plants which received NH^OH 

as opposed to those which received (NH^) 80^ were very much slower in 

emergence in addition to toxicity symptoms. Furthermore, a number 

of plants did not emerge at all from these highest rates of NH^OH. 

These plants must have been killed at or even before the seedling 

stage as a result of NH^ effect. As a result, patches of bare soil 

devoid of plant growth were observed after the grass emergence and

was particularly evident at 1440 lb. NH^OH-N/ac. (Table 24).

The degree of NH^-toxicity was dependent on the soil texture.

The symptoms of toxicity were most severe and the lowest number of

plants survived in the lightest soil (soil A,“the sandy loam). In 

the heaviest soil (soil 07 the clay) the symptoms were less severe

and the plant population was greatest (See Table 24). As the lightest

soil had the lowest C.E.O. (14.9 me/100 g soil) and the heaviest one

was the highest C.E.C. (28.5 me/100 g) a relatively greater amount 

of »unreacted» NH^ was left in the light soil at the highest rate 

of a ppi i cation where there was less »cation exchange surface» to 

attract NH, from soil solution and soil air on to the soil colloids.
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Because "this toxicity effect depended on free NH. or
NH^CH that occurred after fertilizer application, its effect on yield 

was greatest at the 1st cut (Fig. 12 & 1J). Although the increase

in NH^OH-N rate from 45 up to 360 lb. N would have involved an increase 

in the amount of NH^ in the root environment, the extent of NH^ toxicity 

up to this rate did not adversely affect yield at the 1st cut. Within

this range of N-rate, there were no signs of visible symptoms or 

decreases in yield. On the other hand, when the rate was increased 

above 360 lb. N/ac., toxicity effect adversely affected yields at the 

first cut which were decreased as the rate of N was increased above

360 lb./ac This decrease in yield also occurred with (NH.) SO. 
^2

treatments at the two highest rates The higher concentration of

salts - (NH.)
*4*

SO. and KOI - must 2 4 have been the cause for this decline

in yield. It could be that the high concentration of KCl-applied

along with N- contributed to the toxic effect of NH^ in the (NH^OH

treatments

that Sudan

at the two highest rates. McIntire et al., (1945) found 

grass grown in pots suffered detrimental effects from

NH.OH applied in solution to the plants when they were 3” - 4" long

at rates equivalent to 200 lb. N/ac Growth was slower and yields

were less from NH. OH than (NH. ) SO. . They attributed this effect

to NH3. However, with 25 and 50 lb. N/ac., they found that the two

forms gave similar yields. Cooke (1962) reported that there were 

toxic effects on plant roots when NH^ was injected at 70 and 700 lb. N/ac. 

in the centre of pots planted with maize seedlings. Similar results 

were reported by Andrews et al., (1951); Lorenz et al, (1955);

Grogan and Zink (1956); Chalmers (1956); Allred and Ohlrogg (1964);

Hunter and Rosenau (1966); and Parr and Papendick (1966). The consequence 

of such an effect ranged from retardation of plant growth (Chalmers, 1956) 

to complete inhibition of germination (Hunter and Rosenau, 1966).



-127-

The extent of NH3_toxicity effect on yield over 6 cuts:

At the first cut decreases in yield with NH, OH were by far 
4

due to toxic effect of NH^ on plants. At the second cut plants from 

the two highest NH^CH rates were still suffering from the setback 

obtained at the first cut. During the time between the 1st and 2nd 

cuts (from 37 to 55 days after application) grass receiving 360 lb. 

NH^OH-N and over showed slight symptoms of toxicity; grass leaves 

were slightly curled at the highest rate. This may have been due 

to the presence of some ammonia in soil root environment. Complete 

nitrification of 800 ppm NH^-N in the retention zone was reported by

Anderson (i960) to take place within 84 days. There was another side

to the effect of NH^ toxicity on yield at the second cut; the thin

plant population - resulting from NH^ killing a number of plants at

rates above 360 lb. OH-N (Table 24) contributed to the lower 

yield 

(i.e.

from NH^OH as compared with (NH^) S0^ at these two highest rates 

720 and 1440 lb. N/ac.). The bare patches of soil were re-seeded 

on the 37th day of the experiment. From the 37th to the 55th day - 

when the second cut was taken, the time was not enough for the newly 

emerged plants to give adequate growth. This vias particularly 

demonstrated at 1440 lb. N in soil A (the lightest soil) where there 

were about 18 plants - out of theoretical 100 seeded - survived per pot, 

and pots gave at this rate an average grass D.M. yield of 2.4 g/pot 

at the second cut as opposed to 10.4 given by (NH^) S0^ at the same 

rate and cut. At 1440 lb. N/ac. the effect of on plants must 

have played the most important role causing lower total yield (over 

6 cuts) from NH^OH as opposed to (NH^) S0^. From the 10.1 g/pot 

difference - in favour of (NH^) 30^ - in grass yield, 8.6 g/pot 

occurred during the first 2 cuts.



-128-

At 720.1b. N/Ac., although toxicity to plants.may have 

had an important effect on plant growth at cuts 1 and 2, most (78%)

of the difference in total yield between the 

later stages of growth (cuts 4, 5, and 6).

relatively reasonable population (about 92%)

2 forms was obtained at

This suggests that the

of plants surviving

NH^ toxic effect were, after recovering, able to utilize the remaining 

N in the soil and produced yields which were not very much lower -

4as happened with the 1440 lb. NH,0H-N -than (NH,) SO, at the first 
4 4 2

2 cuts.

At rates from 45 to 360 lb. N, inclusive, the greater part

of difference in favour of (NH,) SO, in total yield4 2 4 over 6 cuts was

obtained at the first 2 cuts. This suggests that toxicity effect 

of NH^ on plants receiving OH was the main reason causing lower 

yield from NH^OH as compared with (NH^) S0^.
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(2) LOSS OF NO^-N:

There -was a

NH^OH treatments than

greater loss of NO^, by leaching, from the 

from (NH^) SO^ ; and there was less soil NO^

in NH^OH treatments remaining in the soil at end of the experiment 

as compared with(NH^) SO^ . These phenomena are shown in Figs. 20, 

23, 26 A, and 27 A, when NH^OH treatments from both the soil sampling 

pots and the pots containing grass lost more NO^-N by leaching and 

contained less N0^ in the soil at the end of the season than (NH^SO^ 

However, with 720 and 1440 lb. NH^OH-N/ac. the soils from the plant

pots contained more N0„ than the corresponding (NH.) SO. treatments;

this must have been due to the retarded

during the 55 days after experiment, at

growth of NH^OH- grass, occurred 

these 2 high rates. Reasons

for the higher loss of NO^-N from NH^OH compared with (NH^) SO^ may

be as follows:

(A) The rapid rate of NH^OH nitrification early in the experiment

when the grass was unable

as the leaching action of

to utilize the NO^ produced. Therefore, 

penetrating irrigation water which was the

same with both forms, NO^ removed from NH.OH soil was relatively greater 4
than from (NH,) SO, . 

4 2 *
Thus the higher rate of nitrification did not

seem to be an advantage to plants receiving NH^OH. On the other

hand, although (NH^) SO^ was slower in nitrification, the rate at

which it

compared

(B)

proceeded seemed more in pace with plant requirements as 

with NH.OH.4
The other reason could be the smaller root system of

NH^OH-grass as compared with (NH^) SO^ . At the end of the experiment 

when contents of plant-pots were riddled, to separate roots (see Methods 

and Materials, page 48 ) before taking the end-of-experiment soil sample, 

the roots from the NH^OH-pots were less extensive than from (NH^) SO^- ones.
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Therefore the smaller, less extensive, root system of the NH/OH- 

4
treatments would not be capable of removing as much NO^-N from the
soil as (NH.) SO..

4 2 4

The effect of treatment on root growth and the resulting

effect on the amount of NO^ leached could be substantiated by the

following argument:

At 720 and 1440 lb. N/ac. the greater loss of NO^-N from

NH^OH may be more the result of rather than a reason for the smaller

growth from grass receiving NH.OH as opposed to (NH.) SO. . According
2

to this theory this should lead to a smaller uptake of N from

NH^ OH (Fig. 16) leaving a relatively larger amount of NO^-N (Fig. 26 D) 

liable to removal by leaching from the soil. On the other hand, 

more growth in the (NH^) SO^ treatments would give rise to greater 

absorption of nitrates by plants, thus preventing them from removal 

by leaching.

However, results from soil sampling pots (Fig. 23) show that

there was greater loss by leaching of N0,-N from NH^OH than from

(NH, ) SO, . Therefore it can be concluded that NH.OH-treated soils 4 2
lost by leaching more NO^-N as a result of fertilizing with NH^OH

form rather than (NH. ) SO.; and in the presence of plant cover, the 4 2 4
less growth of plants receiving NH^OH - caused by effect of the material

on plants - accentuated this phenomenon as Fig. 19 shows when the lost

mineral N (NH. + N0o), as a whole, was greater with NH.OH than with 4 >
(NH.)S0. .4 g 4

Arising from these two reasons for a greater NO^-N loss on

the part of NH.OH, it follows that the (i) rapid nitrification along 

with (ii) the smaller sphere of soil in contact with plant roots of 

NH.OH treatments contributed, together, to the greater loss of N0q4 2
and also to the less uptake of N (Fig. 16) from NH^OH as compared

with (NH^) SO
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The time factor of nitrification is illustrated in Fig. 25 A

when the greater part of NO^-N (75 - 95^) lost from plant pots by- 

leaching occurred during the first 116 days during which time most 

of the growth occurred. The heavy loss of NC^-N therefore happened 

when the grass was producing the greatest part of its total yield.

Thus such a phenomenon conveys the important effect of greater N03~ loss

from NH.OH, as opposed to (NH.) SO, treatments into drainage water
4 4 2 A

especially during the time when the nutrient was most needed.

The higher rate of nitrification with the release of a

greater amount of NOQ-N, from NH.OH than from (NH.) SO. which 
> H- 2

during the experiment was most probably due to the sterilizing

occurred

effect

of NH3 on soil microbial population. nh3 may have reduced soil

microbial population at first, but later a greater increase in 

nitrifying organisms relative to other organisms occurred. Several 

workers (Eno and Blue, 1954; Eno et al., 1955; Fabian, 1957) reported 

that on treating a soil with NH3> the number of soil bacteria eventually 

increased to a greater level than before application of NH3« Anderson 

and Purvis (1955) and Eno and Blue (1957) reported that NH^OH-treated 

soil contained greater amount of N03~N compared with (NH^) SO^-one.
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LOSSES OF N AND EFFECT ON IlELD 

Greater loss by means other than drainage water may have occurred 

to NH4 OH- as compared with (NH4)so4 and thus contributing to the lower 
2 

yield obtained from NH
4

oH. 

It could be argued that because of the higher rate of NH
4

0H -

nitrification, and since the same amount of N was applied to the soil 

in the two forms at equivalent rates, it follows that because of the 

greater rate of conversion of NH
4
0H-N to No

3 
as compared with (NH

4
) so

4
- N, 

2 

a smaller amount of NH4 could be expected in the (NH4) so
4 

than 
2 ' 

NH4
0H treatments. However, results obtained from the soil sampling 

pots showed that NH
4
-N found in (NH4) so4 treatments (both in leachate 

2 

Fig. 24 and in the soil at end of experiment Fig. 27 B) were greater 

than with NH
4

0H ones. Also, (i) the sum of: leached - + retained -

(NH4 
+ N0

3
) - N (Fig. 28 A) and (ii) the mineral (NH

4 
+ N0

3
) -N both 

leached (Fig. 22) and retained in the soil at end of experiment (Fig. 27 C) 

were generally greater with (NH4) so4 than NH4 OH treatments. 

' 2 
Similar pattern occurred with plant pots when NH4-N found in 

(NH4)
2
so4 treatments (both in leachate (Fig. 21} and in soil (F~g.26 B)) 

was greater than with NH
4
oH. Also, (i) the sum of: leached - + retained -

(NH
4 

+ No
3

) N + total N uptake (Fig. 28 B) and (ii) the mineral 

(NH
4 

+ No
3

) N both leached (Fig. 19) and retained in the soil (Fig. 26 C) 

as well as uptaken N (Fig. 16) were generally greater with (NH4) so4 2 

than with NH
4
0H. 

Therefore, the greater amount of N found in (NH4
) 
2 
so4 . tr

eatments . 

would suggest that, particularly at rates of 720 and 1440 lb. N/ac. 

could have been due to: 

(i) More loss of N from NH4
0H by NH3 

volatilization, and 

(ii) A greater degree of NH4oH - N fixation as compared •with (NH 
4
) so.

4 2 
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These two types of losses of NH.OH-N could have occurred
4

as follows:

(a) Greater volatization of NH„ from NH.OH: 
3 4

Some of the N applied as NH^OH may have been lost by volatilization 

of NH^. This may have occurred at one or both of the following 

occasions:

(1) At the time of application:

During the process of fertilizer application, some may

have volatalized into the atmosphere while the ammonia solution was 

being sprayed on the soil and therefore rendering the actual amount 

of applied N less than the calculated. Smell of NH$ was detected 

while application was carried out especially at higher rates of N.

(2) After application:

This may have occurred by the escape of gaseous NH^ 

through the soil pore-spaces. The »soil» used in this experiment 

was a mixture of soil and coarse sand (1:1 ratio w/w). Therefore 

because of the type and size of pores in this system there could be

a loss of gaseous NH^ into 

occurred by volatilization

leaching thus reducing the

the atmosphere. Also NH^ losses may have 

of ammonia solution from the leachates after 

actual amount of N lost in the drainage 

water, particularly at 1440 lb. N/ac. (Fig. 22).

Martin

volatization was

soils in pots.

and Chapman (1951) found that the loss of NH„ by 

greater from NH. OH than from (NH. ) SO, applied to

The rates of N ranged from 150 to 250 lb. N/ac. and 

the amount of volatilized NH^ increased as the rate of N was increased. 

Similar results were reported by Bur^ et al,, (1967).

(b)

Some

also

Greater fixation of NH.-N from NH.OH compared with (NH, ) SO,: 
4 4 4 2

of NH^ ions undergo fixation in a form unavailable to plants, and 

unavailable to standard extracting solutions for exchangeable NH^.
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In addition to the fixation of NH^ by soil minerals from ammonium 

solutions, some of the gaseous NH^ may have been sorbed by soil 

minerals - from the NH^OH treatments — and therefore trapped in the 

inter-lattice voids. A number of workers (Young and Cattani, 1962;

Young, 1964; and Young and McNeal, 1964) found 

could be fixed in the soil.

NH^ can also be fixed by soil organic

that gaseous NH,

metter. Sohn and
Peech (1958) found that soil organic matter was responsible for fixing

some NH^-N; 

suggested as

a reaction

a means of

to 10^ Na Cl extracting

between the organic matter and NH^ was 

rendering some of the applied NH^ inaccessible 

solution; (this solution is sometimes used

for determining exchangeable cations). However, when the organic 

matter was destroyed, the amount of fixed NH^ decreased. McIntire et al., 
(1943) used 4% KOI for determining exchangeable NHt . They found

that less NH^ could be extracted from NH^OH treated soils compared

with those treated with (NH^) S0^ . Similar results were reported 

by Peterburgokii and Korchagina (1963) showing that more N was fixed 

from NH,0H than from (NH, ) SO, .4 4 2 4

In addition to the two factors (a and b) mentioned above,

a third factor may have contributed to the greater loss of N from

NH^OH compared with (NH^) S0^ . In some soil-pockets where anaerobic 

conditions may have occurred, denitrifying bacteria which would be

higher in population in NH, OH - soils (as a result of NH_ effect on 4 3
soil microbial number) would liberate more fertilizer N into 

elemental N.
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STIMULATING EFFECT OF (NH ) SO. ON PLANT GROWTH 
______________ _____ 4 2 *

The greater root system in the (NH ) SO, pots, compared with 

NH^OH, resulted in a greater uptake of P by the aerial portion 

of grass (Fig. 18). This was despite the greater amount of tava.i1 ahi et 

P in NH.OH soil (Fig. 29). The smaller root system with NH.OH 

compared with (NH^) SO^,the differences being most marked at the 

higher rates of application, was due to the toxic effect of

NH^OH early in the season.
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V : GENERAL DISCUSSION

Mechanical damage was caused by the anhydrous ammonia injection 

equipment on grass turf; injectors tore off grass turf which was then 

not able to develop a normal root system especially after drying out 

of the soil in the crack sone. Tractor wheels also represented 

another means of mechanical damage. At one of the three sites of 

this experiment mechanical damage was substantial especially when 

anhydrous ammonia was applied at closer (7”) spacings.

The toxic effect of the injected anhydrous ammonia to

grassland was due to the high concentration of NH in the injection

zone and was reflected by the retarded growth and yellowish green 

colour of grass along injection lines. Increasing the rate of N

from 40 to 80 units N per acre resulted in a greater toxicity to 

plants. In one case the higher rate of N 

gave lower yield than the lower rate of the

applied as anhydrous ammonia

same form.

Evolved NH„ from NH.OH solution caused toxicity to ryegrass 3 4
grown in pots (leaves were curled) and grass growth was retarded.

As the rate of NH.OH-N was increased, there was a greater degree of 4
toxicity, and at 1440 lb. N/Ac. as many as 95% of the plants were
killed at or before the seedling stage. The greater degree of

toxicity which occurred with increasing N rate was apparently due

to the higher amount of evolved NH^ as the concentration of ammonia

solution increased.
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Escaping puff’s of anhydrous ammonia "which occurred upon NH^

injection to grass land scorched the grass leaves. At a stony

site, large puffs of NH^ escaped during application and the grass

leaves along the injection line were yellowish green with brown spots.

There was a loss of NH^ in the gaseous phase upon injecting 

liquid anhydrous ammonia to grass land in the field and also upon 

aPPlyinS ammonia solution to ryegrass in the greenhouse. The

amount of ammonia gas which escaped while the liquefied gas was

being injected at a stony site was substantial.

The smell of ammonia was detected when NH^ solution was applied

to grass in the greenhouse and this was greatest at the highest

rate of NH^ OH. Such loss 

actual rate of N applied to

of NH„ into the 

grass less than

atmosphere rendered the

it should be.

The greater total uptake of N by grass from the injected

anhydrous ammonia plots, compared to those with (NH.) SO,, suggests 
4 2 A

that there was a more rapid nitrification of NH^-N compared with

(NH.) SO.. However, as the grass roots were injured by the NHQ 
' 2 4 J

and the greater uptake of N from this source was delayed until the 

second cut, but most of the total yield was obtained at the first cut.

Therefore, rapid nitrification of NH^ was not an advantage to plants

There was a greater loss of NO^-N by leaching from the NH^OH 

pots as compared with (NH. ) SO, ones. Also, there was more NO„-N 

in the soil in pots receiving NH, OH than those receiving (NH,) SO 4 4 2 ‘ 4
during the time of plant growth
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The rapid nitrification of NH^— and NH,OH—N as opposed to 

^^4^2^4~^ seemed to be a function of an initial sterilizing effect 

of NH^ on soil micro-organisms and an eventual increase in the numbers 

of beneficial bacterial and therefore an increase in the rate of 

nitrification.

The fixation of a higher amount of N from NH.OH source, as opposed

to (NH, ) SO, , seemed to have taken place since a greater amount of 
2 4

(NH, + N0„) N was found in the (NH, ) SO, treatments.
4- J 4 2 4

Differences in yield of grass between the two forms were greater 

at the first cuts. At this cut, anhydrous ammonia produced a lower

yield than (NH^) SO^ . However, at the second cut, anhydrous ammonia 

plots gave a greater yield than the (NH,) SO, - one; but this difference 
4 2 4

in favour of anhydrous ammonia did not make up for the greater yield

with (NH,) SO, at the first cut. 
4 2 4

Differences in yield of ryegrass between NH^OH and (NH^) SO^ in the 

pot experiment were greatest at the first cut; NH^OH giving lower yields 

than (NH,) SO, . At the second cut difference between yields were4 2 4
smaller and with time (or cut) the gap between the two forms in producing 

yield was becoming narrower. Generally, in no cut NH^OH gave yields 

higher than (NH,) SO,.
4 2 4

Closer application (7n) of NH^ to grassland involved two effects. 

On one hand it resulted in a more even distribution of fertilizer N, 

and on the other hand it caused more mechanical damage to grass as 

opposed to the wider application (14”)•
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The net effect, therefore, depended on the degree of mechanical 

damage. When mechanical damage was greater, as happened at one site, 

yields from the closer applied HBL was lower than from the wider- 

spacings. In the other two sites, closer-spacing gave higher yield 

than wider spacings of NH^.
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n summary

(1) At rates of 40, 80 units N/ac. in field, experiments and 

at rates of 45 , 90, 180 , 720, and 1440 lb. N/ac. in the 

greenhouse experiment, sulphate of ammonia proved a better 

source of N for grass D.M. yield than anhydrous ammonia 

or ammonia solution.

(2) There were toxic effects on plant resulting from NH, and

NH, OH. On the field effects were seen on grass along 4
the injection lines; in the greenhouse experiment toxicity

symptoms were pronounced on grass receiving over 180 lb. N/ac

(3) At 1440 lb. N/ac., some plants failed to emerge and were 

killed by NH^ at or before the seedling stage. In some 

pots, 95 plants out of 100 failed to emerge and were killed.

(4) Anhydrous ammonia applied to grassland as well as ammonia 

solution applied to ryegrass in pots, underwent a rapid 

nitrification as compared with (NH^) S0^.

(5) Due to the retarded effect of NH^ on plants, the greater

release of N0o did not benefit plants. The slower release 
J

of NO, in the (NH,) SO, treatments seemed to be in pace
3 4 2 4

with plant requirement of N.

(6) Mechanical damage to grass turf caused by anhydrous ammonia 

injection was one of the reasons behind the lower yield 

obtained from NH^ as compared with (NH^)^SO^.
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(7)

(8)

In some cases where the soil was stony, NH^ escaped into 

the atmosphere and caused a substantial loss of fertilizer H. 

The grass leaves were scorched as a result of coming into 

contact with the escaped

There was greater loss by leaching NO^ from, the NH^ OH 

treatments as compared with (NH^) SO^ . The difference 

between the two sources increased with increasing rate of N.

(9) There was a greater loss of applied N

compared with (NH^) SO^ treatments, 

fix more N from NH^OH than from (NH^)

from the NH.OH as 4
Soils seemed to

SO,. Some NHO was 2 k 3
lost by volatilization from OH treatments but this 

loss was negligible with (NH^) SO^.
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RESULTS OF GRASSLAND FIELD EXPERIMENT

1966
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RESULTS

A P PEND IX I

OF GRASSLAND FIELD 1966

Table 1:

Anhydrous Ammonia on grassland 1966, East Lamberkin,

Held and % dry matter.

Source and 
rate of N 
units/Ac

Fresh Yield 
cwt. /Ac.

Dry Yield 
cwt./Ac. % Dry Matter

I II Ill I II III I II III

0 units N/Ac. 90.7 77.S 76.7 23.67 19.06 21.40 26.1 24.5 27.9

1.
nh3 40 165.3 150.2 143.7 38.85 35.75 35.64 23.5 23.8 24.8

1.
nh3 So 194.4 161.0 164.2 38.49 34.94 37.77 19.8 21.7 23.0

2.
nh3 so 1SS.0 164.2 181.5 37.79 34.97 42.29 20.1 21.3 23.3

(NH^SO^ 40 161.0 152.3 159.9 44« 6o 36.10 44.29 27.7 23.7 27.7

(nh^)so^ So 200.9 1SS.0 170.7 45.00 42.30 39.60 22.4 22.5 23.2

1 . Applied at 14” spacing

2 , n n 7« ”
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