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CHAPTER I

INTRODUCTION

The importance of nitrogen for the nutrition of
fruit trees is well established and it is largely for
this reason that much attention has been given by overseas
workers to factors influencing the level of soil mineral
nitrogen. Soil management methods have been shown to
exert a considerable influence on mineral nitrogen level
of the soil, those methods which make nitrogen available
most readily depleting the total supply in the soil most
rapidly,

In view of the 1mﬁortanc¢ attached by overseas
workers to the influence of soil menagement practices on

. the level of the soil mineral nitrogen, and as no previous

e

study of this problem appeared to have been made in New
Zealand, the present 1nvas§igation was undertaken, A
‘study was made to compare the effects of clean-cultivation
‘end sod-culture on both the mineral nitrogen level end pH
in a silt-loam orchard soil over a period of several
-months, This afforded an opportunity to investigate

also the effect of seasonal factors on the periodie
variations in mineral nitrogen under both systems of

management.
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- S

in ﬂllow'arable land at Rothamsted, There was a very rapid
rise from the winter minimum to the early swmmer maximum in
May or June, but the onset of the rise was delayed after
mild wet winters and was more rapid after a drier and colder
winter, Russell also showed that a hot dry summer favoured
accumulation of nitrates in loams and a cold wot.summer did
not, a fact which has generally been supported by other
workers under similar climetic conditionms,

Russell showed that nitrate fluctustions were greatest
in loams and least in clay soils; loams being more suitable
for the accumulation of nitrates, with clays next and sand
least suitable, but sands and loams lost their nitrates
more completely in winter than clayp. Russell also showed
that nitrate d1id not generelly accumulate beyond certain
limits, which he found were, sand 6 p,p.My, loam 23 p.peins
and clay 14 p.p.ms for the top eighteen inches, ‘He stated
however, that heavily dunged loams sometimes contained up
to 37 pepems of nitrate nitrogen, No explanation was
given for this apparent limit to nitrate accumuletion which
has not been indicated by other workers. Nitrate produc-
tion is known to be limited by such factors as soil tempera-
ture, moisture, aeration, the presence of ammonia, the
absence of toxie or lnhibiting'subatances and other factors,
Unfortunately Russell did not investigate emmonia
fluctuations along with nitrate fluctuations, althouzh he
indicated in the earlier paper (1909) thet ammonia tended

to be at a minimum of up to four parts per million in the
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and ammonia in grassland soils subject only to minor flue-
tuations, These fluctuations could not be systematically
related to changes in climatic factors or to the growth of
the erop, and in any case were small compared with those in

the nitrate content of arable soils.

Eggleton (1935), however, found in a newly sown grass-
land in England a definite accumulation of nitrate during
February, an unusually dry month, though reinfall in March
accompanied by 'active grass growth caused a loss of the
nitrate, He concluded that nitrification took place at a
temperature too low for the growth of the grass, |

Eggleton (1934) found ammonia comparatively high(up to
18 p.pem. in August) and nitrate low (maximum of 10 p.p.m.
in early spring) throughout the growing season in L-inch
samplings under grassland, and attributed this to the poorer
conditions for nitrate accumulation normally existing under
grassland which he stated to be due firstly to uptake of
nitrate by ihg herbage, secondly to the greater numbers of
micro-organisms and therefore grester nitrogen demand and
thirdlx}gcmo effect of the grass plent in depressing
.nitrifiaation. From the results of daily samplings for ten
days in early summer he supposed there to be an inverse
relationship between ammonium-nitrogen and nitrate~nitrogen,
There seems to be no ju tification for expecting this re-
lationship, but rather to expect there to be a lag between
tyb peaks for ammonia production end those for nitrate pro-
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No simple relationship to nitrate accumulation was
indicated by Eggleton, and unfortunately the soil pH values

were not shown,

Lehr (1950) in investigating the influence of nitrifica-
‘tion on seasonal flugtuations in soil pH found no regular
correlation between soll nitrate values and pH for the
cropped soil,which he attributed to the influence of plants,
though he found an approximately linear yelation on the un-
eropped soil, He concluded that the pH variations were
caused only partly by nitrification and attributed the
seasonal pH changes to the neuitral-salt effect in the soil.

In assuming that high soll ammonia caused a decrease in
acldity, Thomson and Coup (1943-4Y) found that soil resction
fluctuated very much as expected, When ammonia was high, the
pH figures were high and when nitrate was high and ammonia low,
the pH was lows This assumption that soil pH varies with
amnmonia values as well as inversely with nitrate vdlues cen only
hold in the sbsence of sufficient rainfall to leach the dis- |
placed bases out of the sampled horizons, Ammonie produced
by ammonification of organie céméounda will tend to displace
absorbed bases, which, in wet periods will be leached and thus
there will be no accumulation of bases and no consequent per-

menent inerease in soil pH,

In a recent paper, Doak (1952) in New Zealand showed that
the pH of the s0il of a urine patch rose from 5,5 to a maximum
of 9,2,then after remaining constant for several days very
gradually fell to about 7.8 after which the rate of B1l
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plants, particularly grass; the plant being able to estab-

lish a velationship In %he biotic complex resullir a
depression of mineralisatlion of nitrogen contained in the

organic matter of the soil,
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The respective plots were laid out and meintained
as Tollows:
Treatment A¢ Clean Cultivation

On December 10th the grass was seythed, and on 13th
and 1l4th en initial cultivation was carried out with a
Howard "Bantam" rotary hoe, The plots were again cultiv-
ated on December 20th and 21st to a depth of about 1% inches,
a8, owing to persistent rain st that time, the chopped up
turf had sterted regrowth, A further cultivation was
carried out on Januery 1lth end a Pfinal preparatory cultive
ation on January 23rd, At that date the soil worked down
to a fine tilth and there were no obvicus undecomposed

grass residues remaining.

Regular shallow hand hoeing wau thereafter carried out
to check weeds such as seedling docks (Rumnx obtusifolius)
and fathen (Chenapodium album) end Oxalis which was partic-
ularly troublesome, On April llth the edges of the plots
were chipped beck as white clover runners were severely
encroaching on the cultivated areas, Directly after each
sempling, all plote were hand-hoed to loosen foot marks

end to fill in where soil cores had been removed,

Treatment B, Sawdust Mulch,
Preparatory cultivetion was the seme as that for the

¢lean-cultivated plots, and on Jenuary 28th undecomposed

' pine sewdust was applied evenly to a 2-inch depth, However,

owing o the persistent growth of Oxalis and the disturbance



of the mulch by chickens on one occasion, this treatment
was abandoned and will be omitted from further discussion
in this thesis,

Treatment C. Permanent Grassland

The treatment given these plots wes a regular and
frequent scything, the grass being left to rot in situ, to
stimulate the orchard practice of frequent close gang-mowing,
The érass was cut initially on December 1l2th and thereafter
at about regular 3~weeckly intervals until the end of the

experiment in June,

SAMPLING METHODS

Sampling was always carried out between 9 and 10 a,m.
BEach sample comprised eight 2-inch cores taken at random
along the approximete 17 foot length of sector of each plot,
using the sampler described by Fife (1944)., Care was
taken po avold sampling from within one foot of the edge of
the plots, In the three earlier samplings, 2, 12 and 8
composite samples respectively from the top two inches were
collected for each treatment, On February 25th four
composite samples from within each of three plots for each
treatment were taken in order to determine statistically
variations within and between plots, Thus the number of
samples needed for a required detectable difference between
treatments was calculated, Starting on March 28th
samplings were confined to only four plots, numbers 3, 6, 7
and 8, taking cores from each of two successive 2-inch

depths, thus giving 16 composite samples in all for analysis.



=19

This number of samples was found most convenient to handle,
taking two full days for the preparation, sampling and
analysis of nitrogen and other determinations that were
done, All samples were collected in screw-top glass Jaf:
and taken to the laboratory, as soon after sampling as

possible, for analysis,

CHEMICAL ANALYSIS - AMMOWIA AND NITRATE _
Ammonia was determined by Richardson's modification of

Oleem's Method (Piper, 1942), A weighed guentity of soil

is shaken up with 2 Nermel potassium chloride solution,

2 Normal hydrochloric acid and toluene, and the filtrate is

distllled with fresh magnesie and the distillate collected

in 0.OMN H,80,. The excess of acid is titrated with approx-

imately O.O4N scdlum hydroxide using methyl red as indicator.

The amount of ammoniacal nitrogen present is given as

mg, per kg, {parts per million) of dry soil.

K;trato was determined from the residue remaining after
the determination of ammonis, To the residue was added a
small amount of finely powdered Devarda'’s alloy and the
distillation was recommenced into a further guantity of 0.0LN
sulphurie aéid. The excess of acid was again titrated with
approximately 0.0LN sodium hydroxide using methyl red as

indicator, -

The amount of nitrate nitrogen present is expressed as
mg, per kg, (parts per million) of dry soil,
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Fig., II The seasonal fluctuations in ammonium~ and
ni éraﬁa-nitrogen and the smount of rainfall received
The following symbols are used: CC.1 = clean
cultivated at O- to 2-inch depth, CC.2 = clean
cultivated at 2- to 4-inch depth, GR,1 = grassland
at O- to 2-inch depth, and GR,2 = grassland at 2- to
L=ineh depth.

.
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treatments and depths - that is, the effect of depth on

A reletionship between soll temperature ﬁ%i the

mesn smmonia Tigures 1s shown by reference to Figurs TI1J

o & ®
A regression analysis showed there to be a highly
significant straighit-line regression of the logarithm
of the mean ammonia values, (in parts per million) or
soll temperature, (Table II).
Table II
Regression of log. ammonis on temperature
Analysis of Vapisnce "FY Test
Source S.8.] 4.8 1.8, B 5% 1% Rexdb
bue to re=|1,2977 L.2977121. 5L L.35 | 5.10 H.S.
gression
Srror 1,20L8 20 |0. 0602
FG%%l 265025 21
This means that there was a highly significent relation-

values being dependent on soll temperaturs,
and increasing logarithmicelly with unit increase in soil

temperature, as shown by the regression ecuation V¥ o=
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molsture was found significant, as is shown in Table
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Table IIX
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Regression of log. ammonia on soil moisture

: % %2 fedrd % .
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squares was ¥y = =,021x + 1.3 which means that soil
values decreased logsrithmically with unit

liowever, a significant correlation (0.61) was also

found between soil temperature and percentage soil

moisture, It was therefore desirable to find 1if one cr
the other of the above relstionships was due to this
correlation,

A multiple and

the partisl regression coefficients for temperatu and

2

moisture on ammonis

+. 01043 Tor soll temperature and + 009895 for soil

he regression of ammonia on soil aaﬁzaf vhur

2

.

)

T s0il wmoisture was statistically significant

he significant connection between moistu



The figures obtalined arve presented in Table IV and

shown graphically in Flgure II.

Table IV

hate Gultivated Grasaland
0f - 0% ouw Ll ove ow gw L

§

February 23 1358 - 1k
F%sw&ary 25 114 o L1
Marc 6 175 - 9 —
28 119 66 1l 8
18 134 52.5 10 3
16 36 33 15 12

i

13 trace La Lot 2.6

=
]

e nitrate figures in the cultivated soil show con-—
sidersble fluctuations, particularly in the O= o 2«
inch horizon, reaching a peak of 175 p.p.m. on Harch 6th

and showing & trace on June 15th, In the upper horizon

of the cultivated soil the mean nitrate fTigure was 135
JeDoile O February 23rd, and subsequently fell to 111,
end then increased to 175 p.p.m. on March 6%h, It fell

another peak of 134 p.p.m. on April 18th, Thereafter it

on June 13th, The fig??@% for the lower depth of the

cultivated soil ssmpled decreased from 66 p.p.m,

20th to 52,5 and 33 p.p.m. on April 18th and
0

respectively and o7 Pepem. on June 13th,



PeDellls In the upper

from 1l p.p.m. on

= E
From the

191

,@

385

gra
&

horlizon the v

February 23rd to 9

9 DeDee

311

ey 16th it fell

the lowe Le6 pepem. on June 13%th, The mean
nitrate figures for the lower depth ow & marked
similarity in trend %o those of the upper horizon. From

- £ o af - % e 23
not at 5% level, 8 = agi
but not at 1% level and H,8, =

oy D IR EE T
of probability.

(5 :fs PePs e

0,10

£
L4

17.94

H.8,

0,00

Date Betpesn Tmatnsis| Beween Depths| Interection | Error
B Regult ® Besuld P Bexld Gafs

134,80 H.S, - - - - 21

5%53% Ejg#gg hs = = 3 zé

97,63 H,S. 10.786 H.S, |5.54 @ 9

48,17 H,8. [12.15 H.8. |%9.0L 8 g

12.89 H.3. 2,00 H.8. |0.0L g
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cagsonal fluctuations in soil te

grasgland at 2-

mp

nd the amount of ?&i%f i ?@é@é?@
are used: 0C.1 = clean cultival

pth, CC.2 = v&ﬁ&ﬁ cal&zgaiiﬁﬁ a
= gf&mgidﬁﬁ at O- to Z2=inch de
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Heen Solil pH Values
Date Gultivated Grapaland
ot o on ou I 0¥ . ow ow | Lu
March 28 5 30 5440 5,10 5+90
April 18 | 5,22 5,447 6,10 6,08
ey 16 5+ 60 5o 145 992 5073
June 13 Ge 16 6,11 6,26 5.23

gragssland soil (pH 5.92 to pH 6.26),

The figures for

the lower depth of both cultivated and gresslend soil

show fluctuations within the range of those for the sup-
face samples, Towards the end of the investigsation on
June 13th the figures for all trestments converged with
that of the surface horizon of the grassland sample showing
8 mean value of pH 6.26, the lower grassland semple at

pH 6.23, the upper cultivated soil 6,16 and the lower

cultivated soil 6.11.

The anslyses of varisnce of the
whe

t 5%
H.B.=significant at 1% level of probability:
Date Bebween Treastments| Betwen Dephs| Interachion | Error
F Resulst B Bault P Resuld d,

}.lzg },i}a ’ Egggs -%Qélg
204,01 H.8. |7.83 5
20,4l H.5. 1.58 H.8

3. 67 H.8, O, L6 H.8

&

R

2.86 H.s. g
6,85 8 S
1.29 H.8. g
0.26 HK.S, 9




e

=3

1. Differences due to treatment existed in soil pH

clean=cultivated soil were significantly

lower then those for grassland,

Ze On only one date April 18th was there a diffepr-
ence 1n soll pH between the two depths sampled, On this
date the pH of the upper horizon of the cultivated soil

Has gi ificantly lower thasn that of the lower horizon,

e On the same date, April 18th, ther

nificant interaction between treatment and

on this date the effect o depth on =oil pH wa

P

or both treatments, Ag hes already %% en shown, the pH

of the ipper horigzon of the clean-culibivated soil was

rence in pH values

found to be highly significant, (Table VI),
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Table VI

of soil pH on

@f Vari

lence “FY Tegth

Source 8.8, d. fe M.S, F |5% 1% |Result
ue to Re~ | 1.L427 L | 1.427 | 33,13|4.60|8.86] H.s,
gresaion

[Error 0. 603 1L | 0.0L3

fotel 24030 15

The regression eguation calculated by the method of least

squares was ¥y e deg

2 ) 5 Ik g S, B g o gy s -~ -

variable (soil pH) and x is the independent varisble {Log,
means that soill pH veriations were due to

et

Lain

m
&
Gk
&
i
&€
B
o
(o
%
;i
S
41
ol

e at 10 a.m. on

1 Tablse VIT and

Hean il Temperature %

Date Cultivated Grasgland
1% ZH g4 3

February 25| 25.5 - £3.5 -
February 25| 27.0 - 22,0 -
arch 61 21,0 - 12.0 -
reh 28 | 1h.o iL.o 1o 15,0
April 18] 1%.0 16,0 16,5 1.5
day 16 8.8 6.8 9.0 8o ly
June 131 0 7.0 5.0 9.0

2

e Y,
e
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2nd snd May 17th.

on all except two days until June 13th, the he

j.&&’uﬁ

1.05 inches recorded on June lst

the first two we

being L.95 inches.
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REVIEW OF THE LITERATURE

It has long been established that nitrogen added as
ammonium salts to the soil surface is held there by the

cation-exahe

Smith (1928) studied nitrate distribution st variocus

depths for & Rhode Island silt-loam soil after incorporating
various nitrogen fertilizers in the top 7 inches, In
fallow soil he found disappearances of nitrsete due to rain-

fall and microbisl activity, but little total loss from the
upper two feet over the whole seszson. Hitrates leached by
percolating rain-water were often retained in the subsoil
layers and returned by the upward movement of soil water

under mid-summer conditions.

Krantz et al. (1943) in America found that when
ammonium sulphate was ploughed under, & large proporition of

the applied nitrogen remained as smmonia in the moist root

8500, The addition of lime,

e

zone throughout the growing se

%

phosphorus snd potassium increased biological activity and

temporarily tied up more of the applied ammonis.

&

Sarazin (1939) at Versailles found that nitrificstion
" i
took place attemperatures below §§§s “nd that over a ten-

year perlod, almost all the nitrogen applied ss sulphate of
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130 pounds of

by spring,

apparently through nitrification and leaching of the

sampling,

Jenny et al, (1944-U5) found improved water penetration
on irrigated heavy Californian socils of the monimorillonite
clay type after treatment with sulphate of ammonis, This

behaviour was anticipated on theoretical grounds as they

believed sulphate of ammonia to have high floceulating
Lowers,

Collison and Walker (1916) found thet the nitrozen
Trom nitrate of soda spplied to young orange trees leached
more rapldly and in greater amounte than that supplied in

¥

o drisd-hlood,

Russell (1950) stated that nitrogen lost by 1 aching
could be sufficient to account for the total loss of nitro-
gen from bare fallow soils undér English conditions.

©

In discussing the residusl @vav% of nitrogen
fertilizers Crowther (1946) commented as follows:

"It is well established By careful experiment

following year Whatever form is added, the

bulk of any residue is washed out




OF AMMONIA ADDED TO GRASSLAN

The available literature on this topic comprises

lic»a
(o]
b

only the records of the investigetions of Richavdson (1933,
1935 and 1938), end Eggleton (193L, and 1935).

Richardson (1933) found a rapid disappearsnce of
ammonlia added to grassland soils in early winter or early

Spring. As very little nitrate was found in the soil at

any time, Richardson concluded that some of the added nitro-
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gen must have been taken up directly by the STass w

itrification.  Richardson (1935, 1938) later confirmed

[
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this work finding equilibrium levels forp ?i%?%ﬁﬁ and ammonia

under grassland subject only to minor fluctuations and whare

U'“?

0y

the half-period for reeching equilibrium after the addition

émd

of nitrogenous fertilizers was only & few days or one %o
two weeks at the most in winter time. Thus the addition
of & nitrogen fertilizer to grassland upget I

level for only a very short time.

Eggleton (1934, 1935) found that the rate of trang—
formation or upteke of ammonia sdded as sulphate of asmmonia
to grassland, was controlled in early spring by low soil
temperature, while in mid-susmer, soil moisture was the

limiting factor, When molisture conditions and temperature

o

vere both favourable, the excess of added ammonia almost
completely disappeared in three or four days, being
ace nied in all cases by a definite, though smaller

increase in nitrate-nit rogen,

SBubsequent to the spplication of sulphate of ammonia,

@
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the ammonis snd nitrate

than in the unfertilized

to sulphate of smmonia lowe
from organic matter and supported
fact thet the numbers of tota

cantly depressed in the nitrogen-treated plots, Thia, he

£

{

suggested, was probably due in part to the more acid re-

itrogen-treated soil, and pertly to the some-
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regard 1s btaken of the more vecent

of Penman (1949, 1952).
EFFECT OF NITROGEN FERTILIZERS ON SOIL pH

The effects of nitrogen fertilizers on the

gm

and on solil reaction have been reported and discussed by
many workers, Host attention appesrs Lo have been given

to the effects of sulphate of ammonia, lese to nitrate of

soda and very little to the other

e

fertilizers,

{\w

Following earlier observations, initislly by Liebig
and then by Thompson (1850), way (1850, 1852) established

ge in soils and showed thst

m‘

the existence of basme exchs

s0ils could absorb ammonia to displace an equivalent amount
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then known, but he suggested that base absorbing power

existed only in clays and not in organic matier or sands,

lorgen, 1936; Horgsn and

S

Balley, 1938 and others)., The results all clearly
demongtrated the marked depletion of exchangeable calcium
resulting from the use of sulphate of ammonis and the con-

sequent decreasse in soll pH.

It has long been known thet the use of sulphate of
80

aronia leads fo conditions of

acid through & particular course of treatment was by

Voelcker (1901). He observed that the soil of the per—

developed rendered the land unable to carry barley, though

2 g gy o, &k Eh £ 3 - £ o $ 2 o o 2
its capsacity to do so was restored by a simple dressing of

Hall (1909) at Rothamsted showed a direct relation
¢ application of ammonium fertilizers and the

loss of calcium in drainage water, Using a mizxiture of
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sulphate and muriate of ammonis he showed, in on
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that 117 1lbs. of caleium carbonate were removed for esach

200 1bs. of the ammonium salt applied, In discussing
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salts had no action, with clay an interchange of bases be-

tween the salts and the gzeoliltes took place bubt the result~

ing liguid remained perfectly neutral as would be expected

g

w

#

on pursely chemicsal grounds,Y

Pollowing spplications of smmonium salts, (a mixture
of sulphate and muriate of ammonia), Hall found an increase
in the smount of comparatively insoluble free humic acid,
He stated, "Clearly this had srisen by the action of the
mineral scids set free year by year from the ammonium salts

upon the neutral humus or calcilum humate criginally present

in the solil,

jall suggested alse that nitrifying bacteria were com-

pletely inhibited by a very slightly scid medium (the degree
of acidity is not recorded), and sscribed the cause of

infertility on acid solls to the competition by the fungi



=55

£ e, ey vys T 4 FALITYIY v 5y oy ) [7% 4 5y
Tor applied manures, and to the abseance

deo

of nitrification, Hitrification was not considered to be
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& factor in creating conditions of creater acld

{\

Lawes, Gilbert and Warington (1882) re

&

existence of the process of nitrification,

responsible orgenisms were not then igsolated, and thejy

showed that the oxidation of emmonia to nitrie acid involved

the subsequent loss of calcium and other bases, They

[

Later, Page (1927) emphasized nitrification rather

cause of a la, as the
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ealcium is replaced in . the exchange complex by another basge,

ammon fum, The shsorbed ammonium,

change in soil reasction wntil i

In line with these views of Page, Plerre (1928)

Yok

eXplained the acidifying effect of sulphaste of smmonia as
follows where "X" represents the absorbing complex:

1. (um )2&;4:;3%‘ + gmg—»@ag@g + {z%:%:%}g X
29 {‘

?gg}gn + 0, nitririca %n 2HNO5 + HoX + 2H,0

s
CM
7

Se ZHNO Cadl =——>Ca ilfs Jo + HoX

3
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As a result of the reaction represented in equation 1, no

. 4 I T
acidity is

o
t”‘)

eveloped, Until nitrification, represented in

equation 2 goes on, no acidity is developed. Then two

molecules of nitric acid and one molecule of dibasic soil

acld are Tormed, In equation 3, the nitric ascid further

reascts with another molecule of CaX, Thus, from one mole-

¢
[
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e
ek

cule of esmmonium sulpvhate, two molecules of dibasi
acid are eventually formed.
The effects of nitrete of smmonia on soll resction

were similerly explained by Plierre, Thus:

1. NH,H0., + 308X —>1Ca{li0<), + 2(VH, }, X
i3 3/2 2

The | EE&}ﬁX then nitrifiss as represented in the equations

nonium sulphate, but since there is only one hall as

much to nitrify, only one-half the acidity will be developed,

that under cropped conditions, approximately one half of the
nitrate intake by the plant wes in the form of nitric acld,
so that under conditions of complete removal of nitrate by
eropping, sulphate of ammonia would S&?%lﬁﬁ 75 per cent of

the theorebical acldity, that is, 120 lbs. of calcium car-

bonate lost for every 100 ibs. of sulphate of ammonla

appllied,
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On the Rothamsted Park Grass ploits and the Woburn
Barley plots, Crowther (1925) demonstrated that long con-

tinued use of sulphate of ammonia led %o a considerable

s;

=
5

increase in acidity up to a minimal pH value of 3¢ By

while the use of nitrate of soda gave a sl ight decrease
in acidity. He also showed that the subsoil (9 to 18
inches) underwent changes similar t0, but of less magnie

tude than those of the surface soil.

Pierre (1927) showed that the acidifying effect of
physlologically acld fertilizers on soils with s low
buffer capacity, such as sends, was more rapid and to &
greater depth then those on heavy and ovganic soils with

& higher buffer capacity,

ating sesasonsal

Swanbeck and Morgan {(1930) in investig

%

fluctuations in soil reaction, found a good genersl
correlation between acidity and soil nitrate content,
although decrease in acidity did not appear to take place
as quickly as decrease in nitrogen content, They found

that nitrate of soda produced an incrsased acidity over

the no-nitrogen treatment for as long as smy of the

nitrate remained in the =oil,
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In discussing nitrate of s
g8 follows:
"The relation of nitrate of soda to the plent
may be regarded as the simplest possible; we
Imow that the compound need undergo no change

iIn order to feed the plant, it can be taken up
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3. Nitrate of Soda, 78 owt, per acre,
D.  Hitro-chalk, 72 cwt. per acre,

Latin Square, the plots being 6 feet by 3 feet in size,

re being 2L feet
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The ploits were marked out,

level on 28th April. They were hoed and raked again on

3rd Hay, and after a broadecast dressing of superphosphate
to the whole area at 2 cwh. per acve, they were raked
5th Hay, The Tertilizers were welighed oulb mixed

2¢ Uy 3, 1B, 22, 29, 36, 43 and 71 days afiter the applic-

=

ation of the fertiligers, the 7let day being on July 15th,

Each sample comprised 8 one-inch cores from each plot
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At the time of sampling, soil temperature readings

wers made at li~inch and L} inch depths for each plod

sampled; by the method previocusly deseribed.

L 2. o, .
gntal ares,

Statistical analyses were made,wnere relevant,

groups of data, by wmelbhods previcusly deseribed,
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Soil ammonium and nitrate-nitrogen
“é?iGw ng the application of nitrogenous
and the rainfall received. The
are as follows: B = sulphate of
nitrate of asoda and D = nitro-ch
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Level of probabl

value required for difference between

(d = .05) =
means 8t 5% level

(d = .01) = value required for Gifference between
meang at 1% level

A?B = the mean of A is greater than that

cf B at

5% level
AP B = the mean of A is greater then that of B at
1% level
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T o - ot - ey
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P.P.M. AMMONIA & NITRATE

LOG.

3.0

2.0F

e AMMONIUM-N,.. S/AMMONIA
& AMMONIUM-N. N/CHALK
. X NITRATE-N.. .. . .. N/SODA

DAYS




This showed that the smount of ammonis present in the
top one~inch of soil after the applicatiocn of sulphate
of ammonia was inversely proportionad to the time
elapsed after application, It also showed that &t any
time the rate of disappearance of the added smmonia from
and x = time alter application in daysa,
TABLE XIIX
Regresslon of log, ammonia on days after application
Hitro-chalk V
Source a8 deTel HMeS, B 5% 1% | Resuit
Due to re-{ 5.4305| 1 | 5.L4305|343.70|5.59]12.25| H.5.
gression
[Error 01105 7 |0.0158
Total 5.541G ) &

Vo= =, 0378 + 2,79
where, y = log., ammonis values

and % = time after applic
This showed likewise that th
in the top one-inch of bare
of nitro-chalk was inversely proportionsl to the time
elapsed after application. It also showed that the ra
of disappearance of the added ammonia from the surface
one-inch of soil at any time, was proportional to the
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Fisher's t test (F

where the following s

] -

AR sty

3

.

i 1;}.

(_é = &Q%)

meang at

gign

.
el

(¢ = .01) = value
meens at 1% 1

Lhe mean

1% level,

ificaﬁ

isher, 1948) appear

3;

at 1% level

5T
if 22 /ME.QS

w59~

ymbol
not significan

gsignificant at 5%

= value required for

level

0

AVIT

BAY

UL
U Do

ngwggg Result

2 L15%.67 H.S. 6 82,26 ﬁ)2>%%3 11535 OODDAD

L 111,43 .8, 6 88,86 : ;§&%§% G»@»

8  JL20.356 H.3, 6 624 5L 87 .68 »fa»s\gga
L5 [202.70  H.S. 6 lé*%ﬁ 23,76 COIDHAB
20 22,76 H,S, G L3.08 17.93 UPDMAR
29 5555 2 & 5 36 - o
56 20. 0 HLS, G 2.l DOBXA §e§2 DIEDACH A
fs3 38,84 H,s, 6 6,83 {;’%};;»@ 9681 (BD»A
/1 P16.57 H.s. 6 .52 BYAD)| B.i2 BY(A;D)
This shows that,
de Hitrate which scecumulated from the applicstion of
nitrate of soda (treatment C¢), persisted until the 22nd

day af'bter applic

than thet from e

€3

atic

2ither

15

(e)

> nitro-cholk or sulphate

itrate from nitro-challk -

a significantly amount

asmponia



day in an amount that was significantly greater than
that from the sulphate of ammonia treatment or from the

no-nitrogen treatment.

3 Nitrate In the sulphate of ammonia treated plots
accumulated to the extent that it was significantly
greater in amount than that in the no-niirogen treat—

ment on the L3rd and greater than either the no-nitrogen

ol
b
¢4
4]
Q‘*&

ment or nitro-chalk treatment on the 7lst day afier

A highly significant regression of the logarithm
of the mean nitrate values from the nitrate of soda

treatment on time wag found, as is shown in Teble XVIII

TABLE XVIII

Regresslon of log, nitrate on days after application

‘ Hitrate of Soda
Source 88 d.f] M.S.| F 5%

1% | Result
[pue to Re-|lL.2562 1 |b.2562 140 | 6,61 16,26 H.S.
gression
Error 0.1520 5 |0.030L
otal L.uos82| 6

The regression equation is, ¥y = ~-,065x%x + 3,057
where, y is the logarithm of the ammonis value
and x is the time after application in days

4.

From this 1t may be interpreted that:
L. The amount of nitrate-~nitrogen present in the top
one inch of soll after the spplication of nitrate of soda

wag inversely proportional tc the time elapsed after



-7 L

The rate of digappearance of the added nitrate
from the surface one inch of zscil, at any time, was pro-

portional to the amount present.

I% was also found that there was a highly signifi-
cant difference between the slopes of the ammonia re-
gression on time, from treatment B and the nitrate
regression on time from treatment C. This is shown in

Table ¥XIX.
TABLE XIX

Comparison of Regressions, Treatment B log, smmonia

on time with Treatment ¢ log. nitraste on time.

Source 89 a.fd M8 P 5% | 1% Resulth

Diffs, bdwesn |1 4339 1 11.4339 [9L.951L.T7T5]9. 33 H.S,.
énwgzg
[grror e LOLL 12 |0.0151

1. 6150 13

The interpretation is that the nitrogen supplied as
nitrate in nitrate of soda disappeared from the surface
one ineh of soil at a rate faster than en equivalent
amount of nitrogen supplied as ammonia in sulphate of

ammonia, under the conditions of the experiment.

801L o8

E oy

Mesn pH values for each treatment at each sampling

re given in Teble XX and are shown graphically as com-



Wy £
pared with a gtraighi-line representation of the control

TABLE X%

MEAN SOIL pH VALUES

TREATMENTS
A B

DAYS

C

D

2 Lo71 L.60
I 5.0L L.77
8 5.0 4,78
15 4,89 L.78
22 5.19 5,18
29 L9k 5,12
36 5,38 5,37

L
®

6.6
6.72
6. 149
Gs 3l
6 37
5.8

5.80

=
&

LT W A

E R TR T A )
bl O D Ol
Pk od O EN IO D

5%3 .‘ge 1% zét gg o= i"}' 52.,
?l §‘ %é g-gfa g{} = gb Q{}

The curve for the sulphate of ammonia treatment

hat there is a gradual increase in acidity up to
the 8th day and then a decrease in acidity so thet on
the 29th day the sulphate of ammonia trested soil was
less acid than the no-nitrogen iLreabment {pH 5.12 com~
pared with pH L.94).  Thenceforward, the curve shows

en increasing acidity and at the 7lst day the mean pH

for the sulphate of ammonia treatment was L. 60 com-

increase in scidity Ffor the Lth and 8th days, and then

day compared with 5.38 for the control,
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For nitro-chalk, the curve started at a near-
neutral pH of 6.46 on the 2nd day and showed a gradual
slow increase in acidity to the 43rd day, when it stood
at pH 5.51 compared with 5,18 for the no-nitrogen treat-
ments. Then this was followed by a slight rise on the
71st day to pH 6,00 compared with 5,56 for the control,

S0IL TEMPERATURE

Soil temperature readings were made at about 10 a.m,
on the day of sampling at a depth of i-inch and are
recorded as means for all treatments in Table XXI.

TABLE XXI

MEAN SOIL TEMPERATURE °¢

DAY TEMPERATURE
2 13.5

7 13.5
8 12.5

i5 12.5

22 11.0

29 11.0

36 11.5

L3 9.5

71 | 1.0

The figures show that soil temperature fell
gradually from 13.5 at the start of the experiment %o
1.000 on the 7lst day after application,

SOIL MOISTURE

Soil moisture figures are recorded in Table XXII.



TABLE XXIIX

SOIL MOISTURE PERCENTAGE OF DRY S0IL

A B G D

L2

32.5
31.75
33.5
33-55
36,0
L1l.1
Ll kL
36,6
39.98
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The mean soll moisture figures Tor all treatments
showed the same trends, decreasing to a minimum at the
Lth or 8th day and then increasing to peaks on the 29th

or 36th deys and then falling slightly to the L3rd and

nthly rainfall f@é&f&% are summarised in Table

XXIIT and are shown graphically in Figure VI.

MONTHLY RAINFALL 3 MONTHS 1952

MORTH HWOHES RATH
Hay 2,81
June 776
July 1.86

%

The fertilizers were applied on May 5th, following

i

total of 0,13 inches rain fell in the next



inches fell, and in the next four successive weeks 145
¥ 4
of rainfall respectively

to the 71st day (June 17th ©

inches of rain fell, but the

period was completely rainless.

o

The mean ammonia values for the two treatments atb
both depths sampled are presented in Table XYIV and

shown graphically in Figure IX,

DAYS 3 owt

the 10th day, with a more gradual decrease to the 20th
day. The figures for the 9 cwi. treatment also show
the same irend, a sharp decrease from the Lth to *the

10th day, a smaller decrease from the 10th to the 20th

dey and a more gradusl decrease from the 20th to the 30th



n folloy - the
ﬁg gf vu&ﬁﬁl& ta f?aﬁszagéa The fo 1E§Wizf
] ds 9.1 = 9 ewt, per acre at 0= to 3-inch
é@pgig 9,2 = 9 ewt., per acre at 3~ to 6-inch depth, 3.1 =

3 ewh, per acre et O~ to 3~ inch depth, snd 3.2 = 3 ewi. per
scre et 3= to 6= inch depth.

:éi%» Only the values for the surface horizon of esch
treatment are shown in the nitrate graph to avold confusion
dus t@ the small wriations between tre aaﬁgﬁ%&,
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7

day.

in the 3~ to 6= inch horizon, the mesns for
H4

"]

both treat-

are closely similer, showingll p.pe.m. on the Lth day

for the 3 cwt. treatment decreasing to 4 on the 20%h, while

that for the 9 cwi., treatment decreases from 12 p,p.m. on
the Lth day to 6 on the 20th and to 4 p.p.m. on the 30th
aay.

The analysis of the ammonia figures for a randomised

=3

block design is given in Table XXV. The methods of asnalysi

m

EN

used are Snedecor's F test and Fisher's t test to determine
overall significant differences between trealbments, depths
and interaction, and differences between individual means
respactlively. The Tollowing symbols are used:

H.8., = not significant at 5% level of probability

e
i

significant at 5% level but not at 1% level

H.8, = &igz%fi&&&g at 1% level of probebility

(é = .05) = value required for difference bebtween means

5
(d = «01) = value required for difference between mesns

at 1% level

5

f

than that of B at the O~ to 3~ inch depth at the 5%

level of probability.

§2>E2 = the mean of A at the 3~ to 6~ inch depth is
greater than B at the 3~ %o 6- inch depth, at the
5% level of probability,

2

A = 3 owit, Lreatment
9 cwt., trestment

b

s

Ai>§i = the mean of A at the O~ t0 3~ inch depth is greater
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AZ»’@i = the mean of A at the 0~ to 3~ inch depth- is
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he 1% level of probability,

The Error number degrees of freedom sre 9 for the

by
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lith, 10th and 20th days and 7 for the ant alyses of

TABLE XXV
ARALYBIS OF AMMONIA R g%%%@?g

,;%'

TREAT

¥ Badis B Bl B Rasuli

[6.96 .5 13 517,93 K. 53,99 | 77.56(Bane,n,)
000 H.S.| 1BOS H.8J97.00 HS 28,39 | Lo.79 B3 (A A5 By)
7 HL5. 2658 H.8 90,61 1S, [Lo.sh | 15,15 By¥AphsB)
- -~ o8 H.s) = = |9423 [13.65]|B,3>8,

g ‘E;é e

ve concluded thati,

1. Throughout the course of the experiment, the mean

ammonia level in the surface horizon of the 9 ewt, treated
plots was significantly greater then that in its respective
lower horizon and greater than the means in both the upper

and lower horizons of the 3 cwi, tresatment,

2a Onn the Lth day, the mean ammonia Fipure for the upper
horizon of the 3 cwt, treatment wa 8 significantly greater

han the means of the lower horizon of either treatment,

g

S

8

From the 10th day, there was no significa

ol

t difference bhe~

‘;I:‘?

tween the mesns of the Gpper and lower horizons of the 3 cwh.



2, The means for the lower horizon of the 9 owt. trest-
ment were never significantly different from the mesans fo
the lower horizon of the 3 cwh. treatment.
Unfortunately the ammonia values decreassed at a
faster rate than expected and it was not practicable o

nake observations at closer intervals than was done.

M

HITRATE

The mean nitrate values

en in Table XXVI and are

e S
HMEAN NITRATE-NITROOEN

DAYS TEREEAPTYHEBEE T4
3 owt, 9 awt
of - 3N 3w gw 0¥ - 3 3oL G

=

In the 0~ to 3-inch horigzon, the figures fo

R

E
[

treatment show a gradual decreasse from 10 DeDellte On

<y on e 25 - &~ %y - = . A % o
the Lth day, tc 6 on the 10%h and L on the 20th,

s 4w g esun 4 PN . - 4, A o 27 - 4% -
similar trend is shown in the mean figures for the 9 cwt.

m@

Trom 12 p.p.m. on the Lih day to
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the mean nitrate value of the upper horizon of the 9 cwt.

trestment was sisn hen the lowe

horizons of either Thus the spplic-
ation of sulphate of ammonia at the rate of 9 cwt., per

acre to the surfece of a
accumulation of nitrate nitrogen in the 0= to 3-inch

trate

ﬁ)
4
fobe

horizons, that wes significantly greaster then th
status in the upper horizgon of plots that had recsived

’ >

sulphate of ammonia at the rate of 3 ewh. per ascre.

SOIL TEMPERATURE

2,

Overall mean soil temperatures for each sampling
date at li-inch and Li-inch depths are given in Table

XIVIII.

v A % TOwE oo s %
ATS TEHPERATURE
1, Cod
1z ins, iy ins,

For the surface horizon the soil btemperature showed

. NN
h day to 12,07C

]
5
%u:ia
E«m‘"
a8
e
e
o
&-sfv
ool
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4]
by
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o
5
foeed
L
at«
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3
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e
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o
[

on the 10th and remained at that value on the 20th and
e mean soil temper-
ature increased from Eéﬁﬁ on the Lth day to 11.5 %: on

t}

the 10th and remained at that value on the 20th and 30th
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recorded, Thus bestween the date of application of the

fertiliger and the Tiralt sampling on August 15th, 0.59
inches of rain fell, Between the Lth and 10th davs no

recorded and between the 20th end 30th days, 0.09 inches
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CHAPTER VI
SUMMARY

has been made of literature relevant

i

movenent and

in the surface soll lavers

Little penetration of ammonia from

below four inches coourred.

pplications of sulphate of

s

¢ o T g o S - s 2 ey 5 LS a
accumulate to any significant

sulphate of ammonia Ho

that nitrogen was teken up

E

vithout nitrificetion,
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APPENDIX II

HITRATE-HITROGER
DATE OF T a— BLOCK |Ho, OB DEPTH OF HITBATE-H
saupLing | TREATMENT | woyee| remaame | sawenine| . el
FROM HOK
februay 23| Clean= 5 i 0 - 2 i2h,0
clbivedtion 2 0 - 2 15,0
Grassland 5 1 g = 2 20,6
2 {3 - 2 %sz
Pebruary 25| Clean= 2 1 0~ 2 117.0
ailbiebion 2 g =2 106,0
3 {} b 2 :3.@{}58
i%. {:} e Z‘% ?Wté
5 L 0 =2 li}%'z‘. »
3 0 = 2 103.0
I 0 - 2 105.0
2 0=-2 | 117.0
3 {} - f‘i ijééaf{}
b O - 2 13L.0
< | Grasgiana | 2 1 0 -2 540
Febrasry 25 5 0 - 5 %0
3 O = Z 3.0
L G - 2 130
5 L T . 18.0
2 g = 2 18.0
3 O = 2 lfi% O
6 i G - 2 2.0
2 G - 2 1.0
5 {} b g Qi‘{}
I 0 ~ 2 17.0
March 6 Clean-- i 1 O - 2 18L.0
cilbivation 2 i 0 = 2 16,0
3 i O = 2 183.0
Y 1 O - 2 16L.0
5 L O = g 176,06
é 1 g:} == 2 1§2e§
i 1 O - 2 188.0
g 3. i}o‘“ 2 l?lag




i3]

i s

%w &6%@&%36 LQOVDOOCLO | QODOOOOT  OOOOLOUOO |l OO0OOO0D
g LK I O N I ] L .2 . N T ] 8 9 P oW B w auaosése @ B e B B G B
o e o VAN 10 MY T IVEWND QP | OV e WD OV P | P OO IO | EN O O O Pl
£ 0y d g ped 1% AP O WD CPAD ONAD o o ped ééé%l%éﬁ e pd
oed o 1 el

fiey ety ,

ﬁ@ WANNNNNON adadara sl | ot alah st | el asb oot onor o | ood b od ot og ohog o
@¢g b st o8y Py oot [ A T T I (A T A O I T A
@% DOVOO000 |ONONONDON [ONODNOMUNON | ONOANONON | ONO N OO o
A

¥ el eod eod pod e pef g

o rod o] o e pe] ped o

4 g ol ] o ood ood pod

v o] g gond pod goed peo] geed

pof god g gt poud pod g pod

e O AT WOWD Pt

MRV D e Pt €0

MY RONOAD P P D 00D

MANOBD D P P 0D

POLIVGAD P Pt 20

APPEEDIX II {(continued)

: oy » el o el
g & & 3 G
P R =1 {9 o

£y | | E
et ol ] .M [ oy s
o 0 0 0 0

Ty M&M D Y] o8 4 ol

()

P % »waw §m %Mb;w «.HM qe!w

| ; # gen]

g 5 = a =] =

e o e £ I

S = = = - ?




(vi)
APPENDIX II {continued)

NITRATE=-NITROGEN (continued)

DATE OF

TREATMENT BLOCK | HO, OF DEPTH OF | HITRATE-H

SAMPLING B NUYBER| FEPLICATE | SAMPLING b P M,

FROM HOX
fiay 16 wl@anw - 2 37

A - 32,1

- 2 ”/§&§

- é-%‘ E}Qc%

- 2 3%‘5&%

- },;, éé'j»‘ﬁ?

- 2 25«%3%

I 277

bay 16 Grassland - 12.1

RMONMOMNMONG | NN ONONOG
' §

§
Pl iy gl (VI S (v
it
N
®

Oo Qoo OO | o QoI=d O Ol | 00 G0 g =8 O OV G

Tune 13 (loar - 2 Trace
calbivation - b,
- 2 i
"’"Ejf %-&
- 2 Wi
wi{% 56
-2 Trace
- L 3

frod ot frod ot i food food fond f fd ool fond ok ol ot ok o [ b fd b fd oot [ ok ot [ fred ot foed o ot fond ol od

MORNONONO ] RMONOMN O MDD
L 3
VOO QAN 0N O | N D R b g e O

Tune 13 Gragsland 3 - 2 2,
3 *54' E’Zs
g "'—‘“2 is
6 - U 2.
7 - 2 Trace
? ““é% 2a
& -2 1.
g ""’& 2%6

# The comparatively high fisure of 53.0 DepPeits of
&@ﬁéﬁlkﬂwﬁlé?@”eﬁ on @arﬁﬁ 5%% was probably due to
contaminstion é&?iﬁg gampling,. This figure was
disregarded #fm-2all calculetions of mesns, analysis
of variance etc,



(vii)
APPENDIX III

SOIL pH

TREATMER | BLOCK [Fo. OF DEPTH OF | SOIL
HUMBER| REPLICATE| SAMPLING pH
Z";%{} ¥ H.OOK
Harch 28 | Clean~ 3 1 0 - 2 5.0
cultivation 3 1 2 -5 5.1
& 1 O - 2 5.1
6 1 2 - gi 533
7 1 0~ 2 5eli
? L g - 234 §i§
% 1 % b 2 i%ag
8 i 2 =L 5,6
Grassland 3 1 0 -2 5.8
3 1 2 = 2»% 505
& 1 0 =2 6.0
& L 2 = I 5.9
? }» @ bt g gé%
? 1 2 e gé» %Qg
& 1 O - 2 6,1
8 1 2 - b 6o 2
April 18 | Clean~- 3 i G -2 5.1k
cilthvedion 3 L L g-%v §c§@
é }a. 2 - g«? 56é§
7 1 0 =2 5635
7 i A ) 5. 62
8 1 0 - 2 5.03
8 i 2 - L Se Ll
Grassland 3 1 0 = 2 6608
3 i 2 = i 6,23
é :E. {.} - 2 39:21
6 Eg 2 e :{i; f?é{}g
7 1 0 - 2 5.95
7 1 2 =1 6,05
8 1 0 -2 5.94
8 i 2 - }»«% ,,3@%?
May 16 Glean= 3 1 0 =2 535
I caltivabion 3 1 2 - L 5 38
6 1 0 = 2 3;1?
6 l 2 bt g»% ;3;{}@
7 1 O = 2 5.57
? }. 2 = ii%» gg »}E
Eg 1 {:} hind 2 _}é?%
8 1 2 - L 5.78
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APPENDIX III {continued)
SOIL pH (Continued)

PATE OF | ooy | Brock |wo. oF
SAMPLING NUMBER| REPLICATE| 5.

FROWM BLCK

EPTH OF
\MPLING

o
> &

Bay 16 Graasland

QO Qo =d O Onios W

MORDOMODO
i

RS TR O N

une 13 |Clean~-
caliiivwdion

el e el e e R I o e S e
ORNONGVO ]

e
i

&

@

ot

‘\.}«

;«ég:

o

o

A

freed

355

b

3
G Curmed wf O Ol W L0 0 g O O At
1 I
FNEN LN | ool

food oo oo oot o o fomad ot
A S I T I A T A B
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APPFENDIX

Iv

(ix)

S0IL MOISTURE

Percentage of Dry §

oil

NO. OF
REPLICA T8
S gl

Februery [lsan-— 5 1 0 -2 19,6
Graasland 5 1 0 - 2 29.9
2 @ == 2?. gf}ég
February (Clean~ b 1 0~ 2 30.0
25 cullbivation 2 0 - 2 19.0
5 gi} bt g 229@
L} Ei} Rl 2 &?Eag
5 i 0 = 2 22,0
by 0 = 2 20.0
3 G e 2 22,0
1!.4. Q bl 2 2%?;#{}
& i 0 = 2 22.0
2 G - 2 23,0
3 O - 2 23,0
Iy O e 2 2060
Grassland 2 1 O = 2 18,0
2 G - 2 19.0
3 O = 2 20,0
I O w 2 20,0
5 1 0 = 2 25.0
2 O = 2 28,0
3 {:} e 2 gﬁcg}
4 O - 2 21,0
6‘ l } = Q ggsg
2 0 = 2 28,0
3 Q - 2 12&‘3
L G =2 23,0
Mearch 6 [lean=-
ciiivation 1 1 0 - 2 2.0
2 l 3 - 2 QEQQ
3 1 O - 2 25,0
L L O = 2 25,0
5 1 0 -2 25,0
6 L O - 2 270
7 1 0 - 2 25,0
] L G = 2 23,0
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APPENDIX IV (continued)
SOIL MOISTURE (continued)
DATE OF TREATHMINT BLOCK | NO. OF | DEPTH OF PERBCENTAGE
SAMPLING) ™ ALABNL wUMBER| REEICATE | SAMPLING |SOIL MOISTURE
TR BLOK
March 6 |Grassland| 1 i 0 - 2 26,0
2 } {} bt ?i QQQS
3 i 0 = 2 21.0
H3 1 0 - 2 21,0
5 1 0 - 2 23,0
& 1 0 - 2 22.0
7 1 0 =2 23,0
8 1 0 = 2 22,0
March Clean= 3 1 0 =2 25.6
28 vt 3 1 2 - U 23,0
% 3. Q"* 2 g%*i@
7 i 0 = 2 2he 2
? }- g hd 5-3» 2395
g} 1 O =~ 2 gjg:ﬂ
8 1 2 s ?—% .f:,a?., <
Merch Grassland 3 1 g = 2 25,1
28 3 i 2 -4 5.0
6 1 0 = 2 26,5
6 1 2 - L 18,8
7 1 0 = 2 2L, 6
7 i 2 = L 18,8
8 1 0 - 2 2L, 0
8 1 2 - L 1S.h4
ipril Clean=- 3 1 0 =2 202
18 alivebion 3 1 2 - I 25.9
6 1 0 -2 17.5
6 i 2 - b 25.0
7 1 3 = 2 23,5
7 i 2 = L 272
8 i 0 = 2 20.8
& i 2 - 1L 23,5
April Grassland 3 L 0 = 2 19,0
18 3 1 2 - L 17.4
6 1 2 = b 17.1
7 1 0 = 2 21,1
? z 2 - 5}7 lgeg
% 3. 53 had g 193?




APPENDIX IV (con

g~

&

]
[
N

inued)
SOIL &

ontinusd)

DEPTH OF
SAMPLING

Grassliend

frd fordl fonsd ot fomd frd food ot

0 - 2
2 =L
0 = 2
2 = It
O =~ 2
2 -l
0 = 2
2 = L

Olenn~ 3 1 C = 2 30.5
ciltivebad ) i 2 - b 2769
& 1 0 = 2 28,9
6 1 2 - L 26,7
7 L 0 = 2 28,5
? 3& 2 - 2»; g%ig
g:% 3; § = 2 Zggf:}
51 1 2 -~ I 26,9
liay 16 | Grassland 3 1 0 - 2 35,0
’ 3 1 2 - L 279
6 1 0 - 2 355
6 1 2 - L 7S
7 L O = 2 35.1
7 1 2 - h 28,2
8 1 G - 2 Bl
6 1 2 - i« 2%33
June 13 | Clean~ 3 1 0 = 2 el T
cilfivation 3 1 2 - I 3519
é 2. {3 hand ? Ef% a'%
5 1 L 1) 30,9
7 1 0 - 2 39.7
? 1 i 2{% ;}»a'
8 1 0 - 2 .)?e{
8 i 2 - i 31.9
3
3
4
g
7
7
8
8




DAY FEBRUARY MARCH APRIL HMAY JUHE
1 SN vee e 2 39 105
2 f? © ¢ w LR e v % 3:5
3 eéééé 8 e @ @ @ e €8 Q:gl
Z-:} * 8 % 668 LI Iﬁg sf}é
5 € 5 s 66% ® 6 & Tr ezg
6 8 @ ee‘e L L 3?5
? e & & e s & L €% afj‘g
g Ty L LR 2 a6 #l@
? ¢ % & e w ® e % @ 6 & céjig
1@ vag sbf} &6 8 013 95{3
1}- % ¢ = i’?‘ e T 92?
ie 10 cos . ir cod
13 31@ e 8 ¥ % & 6 L s s
lz-% av? ER Ty w L
}-53 % 2 8 sf? % & B LI & 6 %
1‘5 ¢11 Ty %6 & ecg ss-?
17 e 19 « 55 ses coe ee b
3-8 R} CE Gf}l agi{g %8
19 L1l Ty s cel oue
20 « 52 s 100 Tw ses
2}- %8 6 5 % oléfa oeg .12
22 T o118 Tr « 52 e 52
2:5 ® & % &23— ¢ w & aaé sog}
23}» L oaz LR L Tr
25 5 % @ 059 cgé 612% *5%
gg CEY 58 e a2§ séié é&g
27 . 36 - os D osa o 5L
28 Tr 12 Tr TS 21
29 coe e Tr Tr .12
3{3 e % ¢ .5:»? ai?fl e&%
31 e s ® g;-i%“

Total 1.94 2,03 2,83 2681 7476

ieteor
Palmer

and ente
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WDIX VI

BEXPERIMENT 1 BEHAVIOUR OF NITROGEN FERTILIZERS

RES (PARTS PER MILLION)

DAY PLOT TREATHENT
A B G 3
2 12% 32& 107 521
3 87 8%9 88 384
b 87 732 117 4231
b 1 58 99 93 Lol
2 107 779 101 329
3 69 853 82 186
L 55 733 105 358
8 1 63 592 75 253
2 Lh 553 126 361
3 L7 561 a5 333
b 5l 667 66 L63
15 1 49 155 62 208
2 51 L97 5 224
3 74 150 63 279
L Lk 383 56 260
22 i 12 295 57 106
2 9 267 37 120
3 18 323 32 116
b 22 32 32 155
29 1 i 182 2L 70
2 1 210 ol g
3 10 200 1 30
i 2 186 ih g5
36 L 5 133 22 Ll
2 L 112 10 52
3 2 133 8 36
by 1 169 7 Iy
b3 1 O 105 - 17
2 g 85 - “g
5 o 115 - 9
i O 110 e 33
71 1 8 25 - 9
2 7 25 - B
3 8 28 - 9
4 7 28 - 8
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ADDED T

FIGURES
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22 1 1.8 35
2 2 7 22
3 9 20 27
L 8 12 50
29 1 i 3 10
2 1 3 10
o) 5 2 6 G
N 2 6 53 10
36 i 1 6 1 g
2 1 5 It 11
3 1 6 7 9
Iy L 5 6 9
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APPENDIX VIII

BXPERIMENT 1 BEHAVIOUR OF HIY

DAY PLOT TREATHENRT
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OF APPLICATION
A TO GRASSLAED

DAY PLOT TREATHMERNT

5 cwt., per acre 9 cwt. per acre
o . ;%f% }%? - R O . E;%? it AW

o\D
m"‘;
b
QOO
M
g~
Ye)
&Mook

L
oo
S5
W

LRI A CU i el G LW g
X!
O
gw....)
el
}.wi
xm}

fot
Lo
R

LS it o R

Gon

-~ AT O

[o R 5 I weudt vl XS J 6 VAW o0
ot
L
i

Jd B
oo
o
i

D OV

i
§

30

KWﬂ§DM
it
it

AR B Pl W




2
Joued
2 @
<3 o ﬁ
[ H x
E o
o 2 i Pt O | MO | O | oo
i ‘,
- O 1 My
ey,
e} b 3 E
5 N P ] 0w | WO Ao | o 5o
& et o o 9 g .
- & e -
= 2 :
iy "
“n fg wh o .
£ < N )
- £ P N
e e £ Wm& o ;
z mm » Mw Amo | e MY D
Trny H i % L P g AL O 1 -
5 @ R 3 et
o i ed 5 15
e mw A
’ & -
M& < » [E0Y , |
3 3 b PRI | PO | O | g
5 & & 5 PR
© - &
i s
j5al
g
“ & B
ﬁ m pd O Py el O POV ] ed O YYD e V)
W@% ol
b 2
o
n. o,
: N 3 & o
? ww. 1 o 1




(xviii)

APPENDIX XI

RAINFALL FIGURES 1952
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