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Summary of Thesis submitted for Ph.D degree
by Michael David Kerr
on

Comparisons of Crop Yields using a Semi-Organic
and Inorganic Fertilizers

A series of experiments is described in which a semi-organic fert-
ilizer is compared to the more widely used inorganic type. A semi-
organic fertilizer contains a base of organic materials to which is
added a mixture of inorganic salts to make up a suitable analysis. The
results from three years field trials and certain greenhouse experiments
are presented. Barley was used as the test crop in all experiments.
Biomass production and nitrogen accumulation were studied in the field

trials.

In the field trials a greater stand density was produced using the
semi-organic fertilizer as compared with an inorganic fertilizer and
no-fertilizer treatment. This difference was evident from early in the
season and was therefore attributed to relative success in germination
and/or establishment. A high salt concentration in the soil water surr-
ounding seeds has been shown to reduce the rate and final percentage
germination for a wide variety of crops. The superior stand density
produced on the semi-organic treatment was probably due to the lower
osmotic effect produced by that fertilizer. The results of the greenhouse
experiments supported this hypothesis. Field and greenhouse experiments
were not analogous with respect to the emergence observed on the no
fertilizer treatment.

Thé pattern of nitrogen uptake was different on the two fertilizer
treatments. Proportionally more nitrogen was absorbed later in the
season by plants growing on'the semi-organic treatment. This led to a
greater nitrogen content per head on the semi-organic treatment. Although
there were sigrnificantly more heads per unit area on the semi-organic
treatment there was no difference in the dry weight per head, this could
be due to prolonged photosynthesis in the heads on this treatment. Total
biomass production was similar on the two fertilized treatments but prop-
ortionally more of the weight was in the heads on the semi-organic treat-
ment. There was a strong negative correlation, later in the season,
between plant density and a) dry weight per plant and b) nitrogen content
per plant on the inorganic fertilizer treatment but this was not so on

the semi—organic—fersilizer,
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CHAPTER |

INTRODUCT I ON

1.1 Factors affecting nitrogen in the soil

In natural conditions the source of most of the nitrogen absorbed
by piants is the organic component of the soil. This organic nitrogen is
rendered available by a process of mineralization during which ammonia,
nitrite and nitrate are released. Ammonium and nitrate nitrogen cbnstitute
the main forms in which nitrogen is taken up by plant roots. Nitrite is
taken up in trace amounts only (Scarsbrook, 1965). The soil nitrogen
can be supplemented by fertilizer additions, symbiotic and non-symbiotic
fixation and rainfall. |

The rate of mineralization of soil nitrogen is affected by a wide
variety of environmental factors, e.g. soil temperature (Jenny, 1930),
soil moisture (Reitemeier, 1946), soil pH (Harmsen and van Schriven, 1955),
carbon-nitrogén ratio (Harmsen and van Schriven, 1955), and fertilization
and management. Nitrogen can also be lost from the plant/soil system in
a number of ways including leaching of nitrates into groundwater, volatal-
ization of ammonia, bacterial denitrifaction and degradation of nitrite
from acid soils. The complex of events briefly outlined above can be

summarized in what has become known as the Nitrogen Cycle (Figure 1.1)

1.2 The importance and limitations of fertilizers

Until the turn of the'century the maintenance of nitrogen levels in
farm soils was an urgent problem because agriculture depended entirely
upon natural sources of nitrogen. These were mainiy from animal and
vegetable wastes and by their very nature the supply of these materials
was limited. As a fertilizer they were inefficient and expensive in
terms of man-hours as the nutrient value was low, making it necessary to

apply them in large quantities. Since it first became possible to fix
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atmospheric nitrogen, its use as a fertilizer has roughly doubled every
ten years (Cooke, 1964). The changes over the last half-century in the
world use of nitrogenous fertilizers have been important in our progress
in overcoming natural limitations to food supplies.

‘However, fertilizer nitrogen, once applied to the plant/soil system
is subject to the same processes as that released from soil organic
matter. |t is exposed to biological immobilization and remobilization,
which, like all Qiological processes are affected by environmental
factors such as aeration, water, denitrification, chemical immobiiization,
leaching and the kind and amount of organic matter present. Too little
nitrogen limits yields and reduces quality of a crop, too much can also
reduce yields and quality and cause lodging of cereals and sometimes
make forage toxic to animals.

It has become increasingly evident that not all applied nitrogen
is taken up by ;he growing crop. From a review of nitrogen balance sheet
data collected from a large series of lysimeter experiﬁents in the United
States and U.K., Allison (1955) found that nitrogen recovery was between
21-79% of that applied. In pot experiments the recovery rates are
usually somewhat higher than in field trials where recovery rates are
generally below 50% (Martin and Skyring, 1962). This is certainly not a
new discovery, for Russell (1939) reported that cereals usually recovered
approximately a third of the nitrogen they received, potatoes, sugar beet,
and mangolds about one half, and swedes only a fifth. Recovery of
applied nitrogen is generally determined by the difference method, that
is, the difference between uptake with and without added ni trogen.

Allison (1966) in a review of his 1955 study summarized the results
as follows:-
" ], Data from lysimeters, located at various state experimental

stations, showed that an average of about 15 per cent of the added
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fertilizer nitrogen could not be accounted for in the crops,

soils, and leachates. The magnitude of the deficits were largely

independent of the form in which the nitrogen was added.

2. Data from a few greenhouse experiments that supplied adequate
information for the calculation of nitrogen balances showed that
the unaccounted for nitrogen ranged from near zero to fifty per
cent.

3. In long term field experiments, where the leached nitrogen was
not determined, the unrecovered nitrogen commoniy ranged between
fifty and seventy five per cent. The evidence indicated that
mo§t of this unrecovered nitrogen was lost through leaching, but
frequently gaseous losses appeared to be nearly as Targe.

L, It was concluded that nitrogen gains through non-symbiotic nitrogen
fixation are too small to affect appreciably the nitrogen balance.

5. The unaccounted-for nitrogen, aside from that lost by leaching,
was shown to escape as ammonia, chiefly from alkaline soils; as
nitrous oxide and nitrogen gas through denitrification; and to a
lesser extent as nitric oxide formed by the chemical decomposition
of nitrites.

6. The inadequacy of quantitative data on nitrogen loss mechanisms,
and on soil nitrogen balances, was emphasized."

Most of the mineral nitrogen lost from the soil by leaching is in
the form of nitrate. This is due to the fact that nitrate nitrogen is
highly soluble and not markedly absorbed by soil clay or soil organic
matter (Bray, 1945). Commoner (1968) in a survey of the nitrate content
of the Missouri River, showed that the amount of nitrate acquired from
the Nebraska farmlands had increased in parailel with the increasing
annual use of nitrogenous fertilizers in Nebraska since 1955 and that

high nitrate content of rivers in Illinois farmland was traceable almost
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entirely to fertilizer that drained into the groundwater.

1.3 Slow release fertilizers

Over the last decade or so, various techniques have been developed
for controlling the rate of release or production of nitrate from fert-
ilizers. These include the incorporation of nitrification retarders
(Goring, 1962a, b) into the fertilizer and methods of reducing the rate
at which nitrate is released (Parr, 1967). The ability of nitrification
retarding additives to increase yields has been demonstrated for a
variety of crops, such as upland rice (Prasad, 1966), cotton (Swezey and
Turner, 1962) and maize (Prasad and Turkhede, 1971). In Louisiana,
however, Patrick, Peterson and Turner (1968) observed that although a
nitrification inhibitor was very effective in.preventing the conversion
of ammonium to nitrate under laboratory conditions, no significant
increase in yield of rice was obtained ﬁnder field conditions. There have
been many similar reports from various workers on a wide variety of crops
(Prasad and Turkhede, 1971).

The slow release of nitrate through a growing season may not,
however, supply the plant with enough nitrogen at specific stages of
growth. Many experiments have shown that cereals absorb a large proport-
ion of their total nitrogen regquirement in the early stages of develop-
ment. Gregory (1952) states that, ''In the developing cereal plant grown
at different levels of nitrogen, over 90% of the total nitrogen taken up
by the plant has been accumulated when the dry weight is only 25% of the
final value'. Hanway (1962b) showed that corn grown in lowa on rotation
plots where nitrogen was not limiting had accumulated about 65% of its
nitrogen when only 44% of the dry weight had been accumulated.

Although these experiments {ndicate.that the nitrogen component of

a cereal fertilizer should be readily available, certain difficulties can
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occur in practice. Heavy rain soon after fertilization can leach a
large proportion of the applied nitrogen out of the rooting layers
(Morgan and Street, 1939), while high salt concentrations during periods
of drought could damage the roots of seedlings (Carter, 1967). The

latter can be particularly severe when combine drills are used (Mason,

1971) .

1.4 Semi-organic fertilizers

A possible solution to these problems might be to apply a fertil-
izer consisting of a combination of readily available and slow release
nitrogen sources. Such a combination is provided by the so called
'semi-organic! fertilizers.

The 'semi-organic' type of fertilizer would fall mid-way between
the extremes of wholly inorganic and wholly organic fertilizers. Such a
fertilizer migh; be expected to have many advantages, among which would
be a readily available source of nutrients to give plaﬁts an adequate
supply early;in their development, and a fraction from which nutrients
would be released slowly and which would not be subject to a rapid rate
of leaching in wet weather.

The organic fraction would also be a source of minor elements such
as iron, copper, zinc, manganese and molybdenum, shortages of which can
be serious. These elements are not supplied by high grade inorganic
fertilizers. Coupled with this, a semi-organic fertilizer would help to
maintain the level of soil organic matter, the importance of which is

discussed at great length by Allison (1973).

1.5 OQutline of present study

The work to be described consists of a series of experiments in

which the relative performances of barley grown with semi-organic and
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inorganic fertilizers have been assessed. The semi-organic fertilizer
used is a product of Humber Manures Ltd. of Hull and consists of an
organic base plus a mixture of inorganic additives that make up a
suitable analysis. This analysis can be varied according to the type of
crop to be fertilized. The basic experiments have been carried out on

a field scale but greenhouse trials have also been performed to test

certain hypotheses. Barley has been used as the test crop.
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CHAPTER 11

Preliminary Field Experiments 1970

2.1 Aims

The experiments were designed to compare yields using two types of
fertilizer, an inorganic énd semi-organic. For this, the first series
of experiments, small plots, 2 square yards (1.7 sq.m) in area were used.
They were located at two sites, one near Little Humber, about three
miles east of Paull on the north bank of the River Humber (grid. ref.
208223), and the other on a farm near Everingham about six miles west of
Market Weighton (grid. ref. 823418). Each site was 225 sq. yards
(186.3 sq. metres) in total area and was situated at the edge of a large
field of the same crop.

The soil at Paull is an alluvial boulder clay and at Everingham
a light sandy material derived from the glaciai outwash sands of that
area. The boulder clay soil is heavy textured and retains water very
effectively and is considered to have a good inherent fertility with pH
about 7.8. The glacial outwash sands on the other hand are fine
textured and free draining. They are generally regarded as low in
natural fertility and are susceptible to wind-blow and erosion {(pH about
6.8).

The annual rainfall at the two sites is about 25 inches (635mm).
This is characteristic of the area to the east of the Pennines. Both
fields involved in the trials had been put down to barley the previous

season.

2.2 Materials and Methods

Two fertilizers were used, a semi-organic of analysis 6%N, 6% KZO’

6% P205 and an inorganic fertilizer of the same analysis. Neither
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fertilizers were available commercially and both were in powder form.
A treatment with no added fertilizer was also included.

The semi-organic fertilizer was a mixture of an organic fraction
and an inorganic fraction containing the same salts as were present
exclusively in the inorganic fertilizer. The composition of the organic

fraction is given in Table 2,1

Table 2.1 - Composition of organic fraction in semi-organic fertilizer

Amount Ni trogen content
Material (cwts/ton) (% fresh wt.)
Castor meal 2 0.5
Poultry manure 3 0.45
Meat and bone b 1.08
Skin Meal 3 0
Organic base 8 1.2
Organic base:- _

Meat and bone 1.3 1.08
Castor meal L 0.5
Sewage sludge 15 1.4

The final organic fraction is a dry powder of analysis L.13% N,

3.61% P 0.24% K.,0. To this is added the requisite amounts of

2% 2
ammonium sulphate, potassium chloride and superphosphate to make up the
final 6:6:6 analysis. The inorganic fertilizer is comprised of these
three salts alone in a sand Qase.

Barley (cv. Julia) was used at both sites. This was the variety
being sown over the remainder of each field by the farmer.

A standard randomized block design was chosen for both trials.
There were three treatments, viz:- semi-organic, inorganic and no
fertilizer, two sampling times and four réplicates of each treatment

arrahged in four blocks. There were therefore twenty four plots in each

area. Each plot was 2 yds x 1 yd (1.82 x 0.91m) therefore having an



-10-

area of 2 sq. yds (1.7 sq.m). A 1 yd (0.91m) strip of land was left
fallow around each plot and the whole area was separated from the field
crop by a two yard strip, weeding of the fallow areas was done by hand.
In each plot, three furrows were dug approximately eight inches apart
and two yards long. Seed was sown into these furrows by hand at a

rate equivalent to 12 stone/acre (188 Kg ha-l) and the seed fertilized
with the equivalent of 5 cwts/acre (627.6 Kg ha-]) of the appropriate
fertilizer. Soil was then raked over each furrow.

Sowing took place on 2 May 1970 at Little Humber and 7 May 1970
at Everingham. It was noticed that after nearly a month, no growth
was evident at the Everingham site and upon examination of the site no
seed could be found. It was concluded that the local partridge
population had devoured it and resowing took place on 31 May.

At Little Humber the experimental plots were situated at one
corner of a large field of barley, and after several weeks it became
apparent that those plots nearest torthe drain which ran down the side
of the field, had been badly nibbled. The damage was such that one block
of replicates had to be abandoned. This left three replicates of each
treatment.

The first sample was taken from the Little Humber site on &4
August 1970. A sample consisted of the most uniform row from the three
rows sown in each plot. All plants in that row were dug up, taking as
much rooting material as possible. [Individual plants were separated in
the laboratory. From each sample twenty five plants were selected at
random the roots cut off and the number of tillers and heads noted for
each plant. Each plant was then placed in a paper envelope and dried
at 90°C for one week (to constant weight). After each plant had been
weighed the heads were removed, redried and weighed.

Uﬁfortunately the second sample from this site could not be taken

because the whoie site was devastated by a severe thunderstorm four
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days before the final harvest time.

Due to the lateness of the sowing and very uneven growth of the
plots, only one sample was taken from the Everingham site. This sample
was taken on the 6 September, the day after the remainder of the
field had been harvested.

At Everingham, all the plants occupying a plot were harvested.
Again, as much root material as possible was taken so as to identify
individual plants. Plants from each replicate plot were placed in a
large po}ythene bag and transported back to the laboratory where
individual plants were separated out and the number of plants and heads
in each plot counted. The root material was cut off and the whole
sample dried as before to constant weight. All heads were then cut off

and redried and weighed.

2.3 Results

The results are presented in Tables 2.2 and 2.3. All relevant
statistical data is presented in Appendix Il. The data was analysed by
the two way analysis of variance, as shown in Appendix |, the known
sources of variation being treatments and blocks. The results have not

been transformed.

Yield data for Little Humber

2.2a Mean total dry weight sample-](g)

L.S.D

Semi-organic Inorganic No fertilizer P=0.0 P-0.01
216.9 167.8 185.3 20.6 34,2
2.2b Mean total number of heads samEle-]
L.S.D.
Semi-organic Inorganic No fertilizer P=0.05  P=0.01

178.7 128.0 128.0 28.2 46.9



2.2c

2.2d

2.2e

2.3a

2.3b

2.3c

2,.3d
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Mean total dry weight of heads sample-‘

(g)

L.S.D.
Semi-organic Inorganic No fertilizer =0.05 P=0.01
85.73 67.37 62.12 12.80 21.22
Mean total number of tillers sample-]
L.S.D.
Semi-organic Inorganic No fertilizer P=0.05 P=0.01
207.3 144, 0 133.3 ko.7 67.5
Mean dry weight plant-](g)
: L.S.D
Semi-organic Inorganic No fertilizer P=0.05 P=0.01
8.67 6.71 7.41 1.22 2.03
Yield data for Everingham
Mean total dry weight sample-'(g)
L.S.D.
Semi-organic Inorganic No fertilizer =0.05 P=0.01
269.0 . 2414 75.3 62.4 94.5
Mean total number of plan'cssample-l
L.S.D.
Semi-organic !norganic No fertilizer P=0.05 P=0.01
255.3 237.0 115.5 L5.2 68.5
Mean total number of heads sample_]
Semi-organic Inorganic No fertilizer =0.0 P=0.01
307.8 253.0 84.3 81.9  124.0
Mean total dry weight of heads sample—](g)
L.S.D.
Semi-organic Inorganic No fertilizer P=0.05 P=0.01
113.9 85.7 20.1 28.6 43.4
Mean dry weight plant-l(g)
L.S.D.
Semi-organic Inorganic No fertilizer P=0.05 P=0.01
1.05 1.03 0.59 0.34 0.52
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2.4 Discussion

Due to the many mishaps encountered during the course of these
preliminary trials, the results obtained were not as complete as would
have been desired. The crop at Everingham had to be resown very late
in the season (May 31). This would be detrimental to the plants,

Kirby (1969a, 1969b) and Kakizaki (1937) having shown that decreases in
grain dry matter yfelds and thousand grain weights occurred at late
sowing dates. At both sites only one sample could be taken instead of
two, but despite the incompleteness of the results, certain interesting
differences emerged from the various treatments at the two sites.

At Little Humber the mean dry weight per sample of the no
fertilizer treatments was greater than the inorganic treatments, (Table
2.2a). Although the difference is not significant this is a rather
remarkable result and it must be assumed that it was a result of the
utilization of nutrients remaining in fhe soil from previous fertilizer
applications. On a dry weight per plant basis (Table 2.2e) and number
of tillers per sample (Table 2.2d) there was again, no significant
effect of the inorganic fertilizer treatment over the no fertilizer
treatment. The mean number of heads per sample (Table 2.2b) was the
same in these two treatments but the mean dry weight per sample of
heads on the no fertilizer treatment was lower than that on the inorganic
treatment although not significantly so (P>0.05, Table 2.2c). All these
results indicate a high level of residual soil fertility at this site.

The mean dry weight per sample on plots treated with semi-organic
fertilizer was significantly higher than either of the other two treat-
ments (P<0.05, Table 2.2a). This was a result of a significantly greater
humber of tillers per sample (P<0.05, Table 2.2d) and a greater dry
weight per plant (P<0.05, Table 2.2e). .

At Everingham the effect of fertilizer usage was much more marked.
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The inorganic treatment values are significantly greater than the no
fertilizer treatment values in all comparisons, at least at the 5% level
of probability (Tables 5%3a - §t3e). Perhaps the most surprising result
is the difference in the mean numbers of plants per plot (Table %.3b).
The no fertilizer treatment value is significantly lower than either of
the two fertilized treatment values (P<0.01). This would indicate either
a failure in germination and/or establishment with this treatment, due
to very low soil‘ferti]ity levels. The differences between the semi-
organic and inorganic treatments were not so marked at the Everingham
site. The mean values for the plots with semi-organic fertilizer were
always the higher but the differences were never significant. Both semi-
organic and inorganic fertilizer treatments were significantly higher
than the no fertilizer treatment in all comparisons (P<0.05 Tables ;iBa -
j§.3e). It is possible that differences between the inorganic and semi-
organic fertiii;er treatments were being masked by the extremely low
values obtained from the no fertilizer treatment. These low values con-
tribute to an enlarged overall variance and an unduly large error-mean
square component in the analysis of variance method. This could be cir-
cumvented by transforming the results by some standard method, e.g. Tog
of x or square root of x, but as these were preliminary trials and the
results largely incomplete this step was omitted.

A comparison of the performance of the no fertilizer treatment at
both sites is quite revealing. On a plant dry weight comparison,
(Tables 2.2e and 2.3e), the mean value at Little Humber was 7.4lg per
plant as compared with 0.59g per plant at Everingham. On a total dry
weight basis (Tables 2.2a and 2.3a) the value at Little Humber is 185.3g
as against 75.3g at Everingham even though only a random sample of
twenty five plants per plot was taken from the Little Humber site and

the whole plot value was measured from the Everingham site. This
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corroborates very well the initial assessment of the inherent soil
fertility conditions prevailing at the two sites, although the eventual
late sowing date at Everingham would undoubtedly be a major contributing
factor.

+ On examining Tables 2.2b and 2.3c it can be seen that in the semi-
organic treatment the number of fertile tillers (i.e. number of heads)
was greater in each sample compared with the inorganic and no fertilizer
treatments. Asp}nall (1961) showed that varying nutrient regimes
altered the pattern of tiller production in Barley. Langer (1966) found
that tiller production was increased by raising the supply of nitrogen,
phosphorus and potassium, and of these elements, nitrogen seemed to be
the most important. It seemed, therefore, on the basis of the results
of the preliminary trials, that a semi-organic fertilizer might be more
efficient than a purely inorganic source in supplying the growing plant
with these nuf;ients. As nitrogen is considered the most important
nutrient in this connection, it seemed expedient to concentrate on the

uptake of this element in future trials.
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CHAPTER |11

Field Trials 1971

3.1 INTRODUCTION

As the 1970 trials had been subject to many mishaps and unforseen
difficulties, a different approach was adopted for the 1971 series. It
was concluded that most of the difficulties had arisen as a result of
using a small plot design, where a relatively minor disturbance to the
layout had far-reaching effects on the value, completeness and ease of
interpretation of the ensuing results. An experimental layout had to be
chosen that would circumvent these difficﬁlties in the field.

The 1971 trials were, therefore, on a much larger and more ambitious
scale than those attempted previously. The aim of the experiments was as
before, viz:- to compare yields of barley when semi-organic (S.0.) and
inorganic fertilizers (I.F.) were used. Two methods pf determining the
amount of each fertilizer applied were used. In the first the fertilizers
were applied in equal weights per acre, and in the second in similar
'unit values' per acre. 'Unit value' is a term which incoporates the
amount applied and the analysis of the fertilizer in question (1 unit =
1.12 1bs of plant nutrient). A series of nitrogen determinations on
samples harvested at different stages of development was undertaken in
order to gain some insight into thé nutrient releasing properties of the

fertilizers used. !

3.2 MATERI!IALS AND METHODS

Three sites were available. Two in the Yorkshire Wolds near
Wharram-le-Street (grid ref. 845657) and the other near Aldborough on
the Yorkshire Coast (grid ref. 235374). The soil at Wharram-ie-Street

was classified in 1971 by the Agricultural Advisory Council as, "weil
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drained, naturally calcareous, medium or heavy textured soils often
shallow over chalk or limestone'. The soils at the two sites were
indeed extremely shallow (depth never exceeding four inches) and almost
black in colour.

The Aldborough site was on boulder clay and the soil in this area
was in all respects similar to that described for Little Humber in
Chapter I1. AIll three sites were essentially flat and all had been
sown with barley the previous season.

All the fertilizers used in these experiments were commercially
available in 1971. The semi-organic (S.0.) fertilizer used was a hard,
compact pellet, slightly fibrous in nature. The composition of the
organic and inorganic fractions was the same as the S.0. fertilizer used
in the 1970 .trials, but they were mixed in different proportions to give
a final analysis of 9.6.6. (N.P.K.). The analysis of the inorganic fert-
ilizers (I.F;) used at Wharram-le-Street and at Aldborough was 15.10.10.
and 20.14.14. respectively. The choice of inorganic fertilizer was left
to the farmer concerned and was in keeping with his usual fertilizer
practices. The rates of application of fhe fertilizer were as follows:-

Aldborough (similar unit value per acre) Site |

Semi-organic (5.0): 3 cwts acre”! (376.5 Kg ha-]) giving 27 units N
18 units P205 and 18 units K,0 per acre.
- -1 .
Inorganic: (I.F.) 1.5 cwts acre ] (188.3 Kg ha ) 20.14.14. giving
30 units N, 21 units PZO5 and 21 units K20 per acre.

-1 .
Wharram-le-Street (similar unit value acre ) Site ||

- -1 . .
Semi-organic: 2.5 cwts acre ! (313.8 Kg ha ) 9.6.6. giving 22.5

units N, 15 units P 15 units K,0 per acre.

205 2
- -1 -
Inorganic: 1.7 cwts acre ] (213.4 Kg ha ') 15.10.10. giving 25.5

units N, 17 units P205 and 17 units K

20 per acre.
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Wharram-le-Street (same fertilizer weight acre_l) Site |11

Semi-organic: 2.5 cwts acre”! (313.8 Kg ha—') 9.6.6. giving 22.5 units
N, 15 units P205, 15 uni ts KZO per acre.
Inorganic: 2.5 cwts acre (313.8 Kg ha-') 15.10.10. giving 37.5 units

N, 25 units PZOS’ 25 units K20 per acre.

Twelve stone of Sultan barley per acre (188 Kg ha-]) were sown
at each site. The seed and fertilizer were sown using a precalibrated
combine drill, giving twenty, seven-inch rows. Sowing took place on
6 April 1971 at Aldborough (Site I) and 25 March and 26 March 1971 at
Wharram-le-Street. At each site, strips were incoporated where no fert-
ilizer (N.F.) was applied. There were therefore three treatments at
each site.

The basic plan of the experiment was a system of strips, nine in
all, at each site. Semi-organic and inorganic fertilizers were each
applied to thFee strips and the remaining three were .left unfertilized.
tach strip was then subdivided into three blocks in a direction at
right ang]e; to the orientation of the strips. Altogether therefore
there were nine blocks of each treatment (Figure 2.1).

Each strip consisted of eighty rows of plants and each strip was
approximately one acre (0.4 ha) in area. Three samples were taken from
each block during the growing period. A sampling unit consisted of a
3ft (0.91m) length of one row and the row to be sampled and the position
of the unit within the row Las determined by means of a table of random
numbers.

Plants were dug up from the sampling units to include as much
rooting material as possible, in order that individual plants could be
distinguished. Subsequent measurements wera carried out on the shoot

systems only. The samples were placed in polythene bags for transport-

ation to the laboratory.
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Figure 2.1

Diagrammatic representation of experimental layout at each site.

Letters refer to treatments, numerals refer to sample number.

a = S.0.
b = 1.F.
¢ = No fertilizer

Sampling took place at 8, 16 and 21 weeks after sowing. The 21
week sample wasltaken just before the crop was harvested. Measurements
were taken of the number of plants in a unit, their dry weight, the
number and dry weight of fruiting heads and the nitrogen content of
heads and vegetative parts.

The eight week samples were small enough to dry en masse. The
plants were dried to constant weight in an oven at 80°c. The subsequent
samples were so large, however, that it was necessary to take sub-
sampfes for the determinatton of dry weights. Each subsample consisted
of ten plants chosen at random from the sample. The air dry and oven
dry weights of each batch of ten plants were determined and the air dry
weight of the whole sample corrected accordingly. From each sample,
thirty heads were selected at random and air dry and oven dry weights
determined. The oven dry weight of the heads for a full sample was

calculated from the air dry weight as before.
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Nitrogen determinations were carried out using the standard semi-
micro-Kjeldahl sulphuric acid digestion technique followed by Markham
distillation into boric acid as described by Humphries (1956).

Data were examined by means of analysis of variance. For pract-
ical reasons it was necessary for the blocks to be arranged in a
regular pattern. There was no visible variation in slope of any of the
fields however, indeed, this was one of the criteria taken into consid-
eration when choosing them. There was also no noticeable variation in
soil colour or texture over the fields, certainly there were never any
wide divergences in pH within any of the three fields used. It was
therefore considered that a comparison of the results using analysis
of variance was valid. The results were not transformed.

The number of replicate blocks of each treatment at Site !l had

to be reduced to six because of shortage of fertilizer.

3.3  RESULTS

The analysis of variance data relevant to each table is presented
separately in Appendix Il. The least significant difference (L.S.D.)
values derived from the analyses of variance are presented with each
table (N.S. = No Significant Difference between treatments) .

Table 3.1 shows the mean dry weight per sampling unit for the
three sites at the three harvest times. This gives an assessment of

the performance of the treatments in terms of total yield of dry matter

produced.
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Table 3.1 - Mean Total Dry Weight Unit-](g)

HARVEST S.0. I.F. N.F. L.S.D
P=0.05 P=0.01

Site | - Aldborough

8 week 22.5 23.7 13.5 6.2 8.

16 week 136.3 119.2 88.3 35.9 kg .5

21 week 149.3 131.6 109.4 25.3 34.9
Site Il - Wharram-le-Street

8 week 37.8 37.4 20.6 .5 13.5

16 week 101.7 95.4 7.1 N.

2] week 114.4 97.9 72.3 13.0 18.5
Site Il - VWharram-le-Street

8 week 38.0 34.9 22.5 8.9 12.3

16 week 105.1 119.5 78.1 18.9 26 .1

21 week 145.3 106.1 96.5 27.7 38.2

As can be seen from the data presented in Table.3.1, significant

treatment differences emerge at all sites and at all sampling times

except the 16 week sample at Site Il.

At Sites Il and |11

(both at

Wharram-le-Street) the S.0. treatment gave significantly higher yialds

over both the |.F. and no fertilizer treatments in the final (21 week)

sample.

At Site | (Aldborough) the S.0. and 1.F. treatments were not

significantly different from each other but only the S.0. treatment was

significantly greater than the no fertilizer treatment (P<0.05).

These

results largely bare out the 1970 results but in this chapter the increase

in yield will be analysed more critically.

Examination of the results showing mean dry weight per plant (Table

3.2) shows that there was very little variation in the final values at

the 21 week stage regardless of treatments.
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Table 3.2 - Mean Dry Weight Plant—](g

)

HARVEST 5.0. |.F. F. L.S.D.
=0.05 P=0.01
Site | - Aldborough
8 week 0.4 0.46 .30 0.11 0.15
16 week 2.10 2.40 .60 0.50 0.70
2] week 2,30 2,40 .10 N.S. N.S.
Site |l - Wharram-le-Street
8 week 0.72 0.78 .56 N.S. N.S.
16 week 1.70 2.20 .80 N.S. N.S.
21 week 2.20 2.50 .60 0.30 0.50
Site I1l - Wharram-le-Street
8 week 0.59 0.70 .49 0.11 0.16
16 week 1.70 2.00 .40 0.27 0.37
21 week 2.00 2.50 .00 N.S. N.S.
From these results it can be seen that only at Site Il were there
any significant differences between treatments (P<0.01). This is due to
the large difference between the |.F. treatment (x=2.50g) and the N.F.
treatment (x=1.60g). So, the higher total yield obtained using S.0.

(Table 3.1)must be attributable to the differences in mean

per unit rather than the mean dry weight per plant.

fully dealt with later.

This

number of plants

aspect will be

In a comparison of the total dry weight of heads produced per

sampling unit (Table 3.3) an insight into the composition of the total dry

weight yield can be gained.
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Table 3.3 - Mean Total Dry Weight of Heads Unit-](g)

HARVEST S.0. |.F. N.F. L.S.D.
P=0.05 P=0.01

Site | - Aldborough

16 week 64.2 49,2 by.1 15.7 21.7

2] week 71.9 47 .3 43.7 9.2 12.6
Site 11 - Wharram-]e-Stréet

16 week 62.8 54.8 Lo .0 N.S. N.S.

21 week 56.6 39.8 39.0 9.4 13.4
Site Il - Wharram-le-Street

16 week 50.5 51.4 34 .9 7.5 10.3

21 week 62.8 L6 .4 43,7 9.3 12.8

At the 21 week stage, the treatments were significantly different
at all three sites. On inspection of the L.S.D. values it can be seen
that the S.0. treatment produced a supérior total dry weight of heads
over the |.F. and N.F. treatments (P<0.01). It is interesting to note
here the relatively poor performance of the |.F. treatment compared with
the N.F. treatment. At the 21 week stage there was no significant
differences between‘the |.F. and N.F. treatments at any of the sites.
The relative performance of these two treatments will be discussed more
fully later in this chapter.

The results from Table 3.3 indicate a superior head yield using
S;d. but as shown in Table ?.h only at Site | (21 week stage) was the
mean dry weight per head significantly different under the three

treatments.
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|

Table 3.4 - Mean Dry Weight Head ' (g)

HARVEST S.0. I.F. N.F. L.S.D.
P=0.05 P=0.01

Site | - Aldborough

16 week 0.54 0.52 0.52 N.S. N.S.

21 week 0.74 0.62 0.61 0.06 0.09
Site Il - Wharram~le-Street

16 week 0.67 0.67 0.68 N.S. N.S.

2] week 0.71 0.68 0.67 N.S. N.S.
Site Il - Wharram-le-Street

16 week 0.54 0.53 0.49 0.04 0.05

21 week 0.69 0.70 0.67 N.S. N.S.

Again, therefore, it seems that the superior yield of heads per
unit must be attributable to the number, rather than the dry weight of
individual heads. Data on the mean number of plants per unit are

presented in Table 3.5

Table 3.5 - Mean Number of Plants Unit-]

HARVEST S.0. |.F. N.F. L.S.D.
P=0.05 P=0.01
Site | - Aldborough
8 week 61.0 50.8 L4 9 8.9 12.4
16 week 65.5 51.6 54.8 10.8 14.8
21 week 64.8 54.3 52.2 9.3 12.8
Site 11 - Wharram-le-Street'
8 week 53.0 L7.5 39.0 N.S. N.S.
16 week 59.6 Ly 8 2.2 N.S. N.S.
2] week 52.7 38.8 L47.3 7.2 10.2
Site Ill - Wharram-le-Street
8 week 65.0  50.7  h6.0 9.2 12.7
16 week 62.0 61.1 54.8 N.S. N.S

21 week 66.0 43.0 Lo 7 10.7 14.8
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Taking the average number of plants present over the three

sampling times at each site the results shown in Table 3.6 are obtained.

Table 3.6 - Number of plants present unit-](Mean of three harvests)

S.0. |.F. N.F. L.S.D.
P=0.05 P=0.01
Site | 63.8 62.2 50.6 6.8 9.1
Site |l 55.1 L3.7 4L2.8 8.4 11.3

Site 111 64.3 51.6 50.2 6.1 8.4

As can be seen from the data in Table 3.6 the mean number of plants
per unit area present in the $.0. treated samples is significantly higher
(P<0.01) than either the I.F. or N.F. treatments at all sites.

From Table 3.5 it appear; that inequalities in plant density were
present at the 8 week stage so it is likely that they can be attributed
to differences in percentage germination and/or establishment. This
problem was investigated and the results will be presented later.

The mean numbers of heads per sampling unit (Table 3.7) reflects
the increase in plant numbers enumerated in Tables 3.5 and 3.6. At all
sites the numbers of heads per sample were significantly greater on the
strips where $.0. treatment was used, than on either of the other treat-
ments at the 21 week stage (P<0.01). This would account for the increased

total yield of heads per unit shown in Table 3.3.
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Table 3.7 - Mean Number of Heads Unit—]

HARVEST S.0. 1.F. N.F. L.S.D.
P=0.,05 P=0.01

Site | - Aldborough

16 week 117.6 96.2 78.4 15.7 21.7

21 week 97.3 74.4 72.2 11.0 15.2
-Site || - Wharram-]e-StEeet

16 week 93.8 83.2 72.2 N.S. N.S.

21 week 79.7 58.2 58.3 10.6 15.0
Site Ill - Wharram-le-Street

16 week\ 94,1 97.8 73.3 12.5 17.2

21 week 90.2 65.1 64.1 13.0 17.9

Data on the mean total Nitrogen taken up per sampling unit and
per plant at 8 and 21 weeks are presented in Tables 3.8 and 3.9 respect-

ively.

Table 3.8 - Mean Total Nitrogen Uptake Unit-](mg)

HARVEST S.0. |.F. N.F. L.S.D.
=0.05 P=0.01

Site | - Aldborough

8 week 859.20 869.40  455.00 220.40 303.34
21 week 1569.91 1293.48 1053.78 326.27 Lig.s54

Site Il - Wharram-le-Street

8 week 672.47 622,16  L421.58 204.29 290.57
21 week 1212.29  997.36  801.57 152. 31 216.63

Site Il -~ Wharram-le-Street

8 week 732.00 813.20 L464.10 233.62 321.89
21 week 1293.21 945.21 861.96 199. 45 274.81
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Table 3.9 - Mean Nitrogen Uptake Plant-](mg)

HARVEST S.0. 1.F. N.F. L.S.D.
P=0.05 P=0.01
Site | - Aldborough
8 week 13.85 17.11 10.13 3.60 L. g7
21 week 24 .56 23.82 20.19 N.S. N.S.
Site |l - Wharram-le-Street
8 week 12.68 13.10 10.94 N.S. N.S.
21 week 23.00 25.71 16.95 2.85 L. 06
Site Il - Wharram-le-Street
8 week 11.26 16.03 10.09 3.10 L. 26
21 week 19.59 21.99 17.34 2.67 3.68

The variation due to treatments was significant at all three sites
at both‘sampling times with régard to the total nitrogen uptake per unit
(Table 3.8). At the eight week stage there seems to be little differ-
ence in the total amount absorbed by the S.0. and |.F. treatments, and
in general both absorbed more nitrogen than the N.F. treatment (P<0.05) .
At the 21 week stage, however, the S$.0. treatment is seen to have
absorbed significantly more than the |.F. and N.F. treatments (P 0.05)
at sites Il and 1Il. At Site | plants on the S.0. treatment recovered
more nitrogen on average but the difference was not significant (P 0.05).
Only at Site Il did the I.F. treated crop recover significantly more
nitrogen in total than the N.F. treatment, whereas the nitrogen uptake
from the S.0. treatment wa; invariably significantly greater than the
N.F. treatment (P<0.05). |

The total nitrogen uptake was a reflection of the total number of
plants in the sample, for as inspection of Table 3.9 shows, the differ-
ence in nitrogen uptake per plant was never significant between |.F.

and S.0. treatments at the 21 week stage. The nitrogen recovery per

unit on the S5.0. strips was always greater than on |.F. treatment
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strips and considering that the total nitrogen uptake per plant in the
two treatments was never significantly different between the two treaf-
ments at the 21 week stage it is again the differences in plant density
which are responsible for the differences in total uptake. At the
eight week stage plants in the I.F. treated units had recovered signif-
icantly more nitrogen per plant than those in the $.0. treatment at
Site IIl. This might lend support to the hypothesis that a wholly
inorganic source of nitrogen would be more readily available early on
in the growing season than would a semi-organic source. However, it is
more likely that this difference is due to the greater quantity of
inorganic fertilizer applied at this site; This question will be
discussed at greater length in the next section of this chapter.

The total nitrogen contained in the fruiting heads, shows diff-
erences at all three sites and for all treatments (Table 3.10).
Significantly more nitrogen was found in the heads of the semi-organic

treatment than in either the |.F. or N.F. treatments (P<0.01).

Table 3.10 - Total Nitrogen Uptake in Heads Unit-](mg) 21 week harvest

S.0. I.F. N.F. L.S.D.
- - - P=0.05  P=0.001
Site | 1145.26  794.36 670.61 162.60 224 .04
Site I 830.58 607.88 578.72 154.08 219.17
Site |11 857.44  637.17 598.38 130.28 179.35

This again shows the influence of the increased numbers of fruit-
ing heads (Table 3.7) as at none of the sites were there significant
differences between $.0. and |.F. treatments with regard to the nitrogen

content per head (Table 3.11)
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Table 3.11 - Nitrogen Uptake Head-](mg) 21 week harvest

$.0. I1.F. N.F. L.S.D.
P=0.05  P=0.01
Site | 11.78  10.68 9.29 1.25 1.72
Site 11 10.42  10.45 9.93 N.S. N.S.
Site 111 9.51 9.79 9. 34 N.S. N.S.

The total nitrogen contents of vegetative parts at the 21 week
stage are given in Table 3.12. At Site || the total nitrogen contents
of both the S.0. and I.F. treatments were significantly higher than the
N.F. treatment (P-0.05) while at Site Ill the S.0. treatment recoveed
significantly more nitrogen in total than either the I.F. or N.F. treat-

ments (P0.05).

Table 3.12 - Total Nitrogen Content of Vegetative Parts (mg) 21 week

harvest

S.0 I.F N.F L.S.D
"_‘ T - P=0.05 P=0.01
Site | 424.65 499,12  383.17 N.S. N.S.
Site Il 381.64 389.48 222.93 128.42 182.66
Site Il 435.80 308.46 263.58 118.13 162.76

3.4  DISCUSSION

3.4.1 Dry Matter production - comparisons of treatments and sites

The previous history of fertilizer practice at all three experi-
mental sites was a long period of inorganic fertilization. It would
seem reasonable therefore to use the inorganic fertilizer (1.F.) treat-
ment strips as 'controls' and use the ratios

N.F.value and S.0.value expressed as percentages
I.F.value I.F.value



_30_

to give a picture of the relative performances of the plants on the
three treatments over the season. Expressed in this form, the results
from Table 3.1 (mean total dry weight g per unit) for all three sites

are represented in Table 3.13.

- Table 3.13 - Total dry weight, unit-] relative to |I.F. treatment

(1.F. = 100)

Site | Site Il Site 111
HARVEST S.0. N.F. S.0. N.F. S.0. N.F.
8 week 107 57 100 55 109 64
16 week 114 74 106 75 88 65
21 week 114 83 115 73 136 94

The most striking feature of these comparisons is the gradual
improvement with time in the performance of the N.F. treated strips as
compared to the I.F. strips. This may reflect the h{gh level of res-
idual fertility at all three sites but probably also reflects the rel-
| atively low level of fertilization that was employed. The amounts of
fertilizer used were decided upon by the farmer concerned in accordance
with his normal practice and were lower than the A.D.A.S. recommendat-
jons for the spring of 1971 (approximately Lo units N per acre for
spring sown cereals). According to the review published by the Ministry
of Agriculture, Fisheries and Food in 1972 (M.A.F.F. 1572) the average
unit quantities per acre of a 15.10.10. fertilizer or equivalent,
applied to spring cereals was 57 units N, 37 units P205 and 38 units
KéO. In this respect therefore the quantity of fertilizer used through-
out these trials was somewhat low.

There is a steady increase in 5.0. ratic over the season at

I.F.

Sites | and |l and the 21 week figure is the highest at each site. At
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Site 111, 16 week harvest, the number of plants in the I.F. sample
was exceptionally high with the result that the total dry weight

exceeded that of the S.0. treatment. This is indicated in Table 3.14

where the number of plants per sampling unit for each harvest time at

each site is expressed as a percentage of the number in the I|.F. sample.

Table 3.14 - Mean Numbers of Plants unit-] Compared with the [.F.

Treatment (I.F. = 100)
Site | Site 11 Site 11
HARVEST S.0. N.F. S.0. N.F. S.0. N.F.
8 week 120.1 88.4 111.6 88.4 128.2 90.7
16 week 127.1 106.2 133.0 94 .2 101.5 89.7
21 week 119.3 96.1 135.8 121.9 153.5 115.6

As can be seen, there is considérable variation in these figures
ana no apparent trends.

The mean dry weight per plant at each site and at each harvest
time can be "corrected" for the variation in mean plant numbers per

sample using the following formula:-

W = W + b(n - n) Formula |

e o m s
Where we is the expected mean dry weight per plant,
WO is the observed mean dry weight per plant,

b is the regression coefficient between mean stand
density and mean dry weight per plant,

n is the mean number of plants per unit over the
whole season and

ng is the mean number of plants per sample

More complicated forms of the above equation are to be found in
the literature (Holliday 1960) but these refer to very wide ranges of

plant density and it is felt that the simpler formuia presented is

adequate in this case.
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Using the '‘corrected' values and also the raw data values for
mean dry weight per plant (Table 3.2) the pattern of dry weight accumu-
lation in the three treatments can be re-examined using ratio percent-

ages, the information is presented in Table 3.15 ("'corrected' values in

brackets)

Table 3.15 - Mean Dry Weight Plant-' Relative to |.F. Treatment

(IF. = 100)
Site 1 Site |} Site 11
HARVEST S.0. N.F. S.0. N.F. S.0. N.F.
8 week | 89(89.1) [65(60.9) {92(92.3) {72(55.1) {84(84.3)]70(70.0)
16 week | 88(90.5) {67(66.7)77(85.0) {82(74.1) |85(82.4)}70(73.5)
21 week | 96(97.9) |87(87.5)188(102.8){64(75.1) |80(86.8){80(83.5)

As can be seen from Table 3.15, although virtually all the values
are below 100 showing that with the I.F. treatment dr; weight per plant
was greater than with either S.0. or N.F. treatments, there was a
gradual increase in these two treatment values relative to |.F. over the
season. This relative increase in dry weight per plant, together with the
relative numbers of plants per sample produces the trends in total dry
weight per unit seen in Table 3.13. It was felt that the variation
seen in these dry matter estimates was due to sampling error and that
a similar experiment must be attempted the next year.

Total dry matter production on N.F. strips at the three sites
(Table 3.1) illustrates the differences between the two soil types. At

21 weeks the mean dry weight per sample at Sites I, Il and Il was

109.4g, 72.3g and 96.5g respectively. These results suggest that the
boulder clay soil has a greater fertility than the chalk soils though

whether this is a result of inhcrent properties or previous fertilizer
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policy is not known. It is interesting to note, however, that at the
8 week stage the samples from Sites Il and Il showed appreciably
higher dry weight than Site | for all treatments. At Sites I, Il and
I'tl mean dry weights on the N.F. treatment were 13.5g, 20.6g and 22.5¢
respectively. So initially at least, growth and dry matter production
was faster on the chalk soil than on boulder ciay. Certainly it would
be expected that the temperature of the surface soil would increase at
a faster rate over the first few months of the year in the shallow
soils over chalk than in the boulder clay soil and this could be a
contributory factor.

It would seem from the figures presented for dry matter production
that the S.0. treatment is more likely to give a higher total dry matter
yield per unit area than either |.F. or N.F. treatments. This difference
is due in large part to the greater stand density observed with the S.0.
treatment. Plants grown witﬁ S.0. of N.F. treatments either accumulated
dr* matter for a longer period or at a faster rate later in the season

as compared to the 1.F. treatment.

3.4.2 Comparisons of Nitrogen Uptake Values and Nitrogen Distribution
in the Plant Under the Various Treatments

In all treatments the pattern of nitrogen uptake was similar to
that which has been reported for cereal crops by many other investigat-
ors (Knowles and Watkin, 1931; Sayre,ll948; Hanway, 1962b). For combine
drilled cereal crops the nifrogen supply from soil and fertilizer
sources is usually greatest at sowing and gradually diminishes as the
plants develop. The result is that the nitrogen percentages on both a
green and dry weight basis decline as the plant grows. At the eight
week harvest the nitrogen content of the plants was between 2 and 4%,
but as growth and development proceeded this gradually declined until

at 21 weeks it was only about 1% (Table 3.16). Comparative figures for
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wheat (Knowles and Watkin, 1931) were a decrease from 3.6% to 0.8%.

Table 3.16 - Nitrogen Content nit”! (mg. N/g of sample)

S.0. I'.F. N.F.
Site'!| - Aldborough
8 week 38.19 36.70 33.70
21 week 10.52 9.83 9.63
Site Il - Wharram-le-Street
8 week 17.79 16.63 20.47
21 week 10.59 10.19 11.09
Site 11l - Wharram-le-Street
8 week 19.26 23.30 20.62
21 week 8.90 8.91 8.93

As can be seen the 8 week values at Site | are uniformly greater
than those at‘Sites Il and IIl, but this difference disappears by the
2] week stage. Reference to Table 3.9 (Mean Nitrogen Content Plant™))
shows that fhere was no marked difference in the nitrogen content of
the plants at Wharram-le-Street (Sites |l and 111) and at Aldborough
(Site 1) at the 8 week stage. It would seem, therefore, that over the
initial period of growth, dry matter production is unrelated to
nitrogen content. The plants growing on the Aldborough soil although
accumulating nitrogen quite Eapidly compared to Sites Il and IIl were
slower to accumulate dry ma%ter, presumably as a result of a deficiency
in some external factor, e.g. water supply.

The relative levels of nitrogen recovery between the two soil
types can be seen in Table 3.8 where, at the 21 week stage, plants
grown on N.F. treated strips had recovered 1053.78 mg.N per unit at
Site | and 801.58 mg. and 861.96 mg.N per unit at Sites Il and L1

respectively. On a nitrogen content per plant basis (Table 3.L) the
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Site | values at 21 weeks are seen to be much higher than at Sites |l
and 111 (20.19 mg.N plant-] at Site | as against 16.95 mg and 17.34 mg.N
plant_l at Sites |l and 11l respectively). Since there is no such
pattern in the dry weight per plant values presented in Table 3.2 it
seems quite likely that the crop at Site | suffered a water shortage at
some stage during the season.

From the economic viewpoint, the percentage recovery of the

applied nitrogen is of importance. Using the formula:-

.. -1 -]
N recovery (%) = Total N. uptake unit - Total N uptake unit (N.F.)

- x 100
N. applied unit

the data for total percentage recovery (heads and vegetative parts) and

percentage recovery in the heads only are presented in Table 3.17.

Table 3.17 - Percentage of Nitrogen Applied Unit-‘ Recovered in Heads
and in Whole Plant (Heads + Vegetative Parts)

TOTAL HEADS
s.0 1.F. 5.0. I.F.
Site | 93.8 39.1 86.3 20.2
Site 11 87.2 38.6 55.0 6.4
Site 111 87.4 11.5 52.3 5.8

Using data from experiments at Rothamsted, Woburn and Commercial
Farms, Cooke (1964) quotes recovery rates ranging between 22-47% for
sﬁring barley (heads only).' The values for S.0. recovery percentages
are therefore somewhat in excess of what would have been expected and
the 1.F. figures somewhat lower. Kirby (1969) and Puckeridge and
Donald (1967) have shown that, over the lower ranges at least, the
total nitrogen recovery for a variety of cereals increases with increas-
ing population density. Taking fhis into consideration and the values

presented in Table 3.5 (Mean Number of Plants Per Unit) the figures
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obtained for S.0. recovery rates are not so surprising. The recovery

of nitrogen on the |.F. treatment was very low and it is interesting

to note that this appears to be linked with a very low rate of uptake

in the later stages of growth. At the 8 week stage plants on the |.F.

treatment had taken up mo;é than 60% of the total amount of the

nitrogen absorbed, whereas on the other two treatments the proportion

was invariably less than 60% (Table 3.18). Possible reasons for these

differences in the pattern of nitrogen uptake are:-

(1) That considerable losses of the readily available nitrogen
occurred in the |.F. treatment through leaching;

(2) That mineralization of organic nitrogen on the S.0. and
N.F. treatments maintained a relatively high supply of
nitrogen throughout the growth period; and

(3) The presence of relatively large quantities of available
nitrogen at an early stage in the season suppressed the
mineralization of existing organic nitrogen or plant
utilization of this source, later in the season.

These problems will be discussed in mors detail in Chapter [V,

. =1
Table 3.18 - Percentage of the Total N Uptake Unit = Present
at the Eight Week Stage

5.0. LF. NF.
Site | 56.2 67.2 43.2
Site I 56.0 62 .4 52.6
Site 111 56.6 86.0 53.8
At Site |11 the high figure for [.F. recovery rate (86%) might

be a result of the higher level of inorganic fertilizer applied at

this site, but also reflects the low final value for total nitrogen

uptake per unit (Table 3.8).
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As was pointed out in the Introduction (1.3) an early supply of
nitrogen may well be an ideal situation in that it reduces the risk of
nitrogen loss from the system due to leaching, etc. It might be
expected that nitrogen losses through leaching could be reduced by
supplying part of the nitrogen in a form that only becomes available
slowly, e.g. as organic matter. It is important to note, however, that
the uptake of nitrogen per plant is similar én the $.0. and [.F. treat-
ments and differences in total and percentage recovery are dependent
upon the density of plants. Thus, although the pattern of uptake on
the I.F. and S.0. treatments was somewhat different, it seems likely
that the plants on both treatments were able to satisfy their require-
ments and the apparent under utilization of nitrogen on the |.F. treat-
ment was a result of the lower degree of germination or establishment.
This problem will be explored further in the next chapter where the

experiment was repeated at Site | with a higher rate of fertilizer

supply.
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3.5  SUMMARY

As a general summary to this chapter the following points could

be made:-

(1) . The semi-organic fertilizer treatment supported a higher stand
density than either the inorganic fertilizer or no fertilizer

treatments. This occurred at all three experimental sites and

the differences were significant (P<0.05).

(2) This difference in density was largely responsible for differ-
ences in total dry matter production, total nitrogen uptake and
percentage recovery of applied nitrogen as the performance of

individual plants was similar on both fertilizer treatments.
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CHAPTER |V

FIELD TRIALS 1972

4.1 INTRODUCT I ON

In the 1971 experiments the relative performance of the no fertilizer
(N.F.) treatment was surprisingly high at all sites and it is likely that
this high performance was achieved at the expense of fertilizer retained
in the soil from previous applications. It has been suggested by numerous
workers (Patterson and Watson, 1960; Viets, 1960; Gasser, 1971; Berryman,
1971; Clement, 1971) that fertilijzer materials, especially organics might
have a residuum which can be used the next season. |t was felt necessary
to investigate this possibility in the 1972 trials. An experiment was set
up at Site | (Aldborough) only, with the treatment replicates in exactly
the same positions as in the 1971 experiments. This had the advantage
that the effect of leaving strips unfertilized for two consecutive years
could be investigated. Once again the Inorganic fertilizer (1.F.) treat-
ment could be used as a 'control' since for several years previously thase
strips had been fertilized with inorganic fertilizer.

In the 1971 experiments it was felt that the frequency of sampling
was insufficient to give a clear picture of the pattern of growth of the
plants in the different treatments. [In the present experiment more
samples were taken to try to reduce the error component in the statistical
analyses, and sampling was carried out at more regularly spaced intervals,

in order to investigate the growth patterns more thoroughly.

h,2  MATERIALS AND METHODS

The experimental layout and procedure was exactly the same as in 1971.

The site chosen was at Aldborough (Site'I). The amount of fertilizer

apblied was increased and a different variety of barley was sown. The

rate of application of the fertilizers was as follows:-
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Semi-Organic (5.0.) 6 cwts acre (753 Kg ha™ ')

analysis 9.6.6. giving 54 units N, 36 units P205, and

36 units K20 acrehl

Inorganic (I.F.) 2.75 cwts acre | (345 Kg ha-])

analysis 20.14.14. giving 55 units N, 38.5 units P205

and 38.5 units K0 acre” !,
Strips with no fertilizer additions were left as before (N.F. treatment)
It can be seen therefore that the rate of application was approx-
imately double that of the previous year's experiment at this site.
Twelve stone acre—I (188 Kg ha-]) of Proctor barley was sown on 19 April
1972. The seed and fertilizer were again sown using a precalibrated
combine drill giving twenty, seven inch rows. As in 1971 there were nine
blocks of each treatment (S.0., |.F., and N.F.) arranged in parallel
strips (Fig. 2.1).At four times throughout the growing season two samples
were taken at random from each block. Each sample consisted of three
foot (0.91m) length of barley plants taken from a raﬁdomly selected row
at a randomly selected point along that row. These samples were returned
to the laboratory for analysis. Assessment of total dry weight and
nitrogen content were made for each sample as in 1971. Sampling took
place 5, 11, 17 and 19 weeks after sowing. The last sample was taken
just before the entire crop was harvested. Subsampling was performed on
the 2nd, 3rd and 4th harvests as in 1971. Each replicate value was taken
as the mean of the two samples taken from each replicate block. There

.were thus nine replicates of each treatment. Data were examined by means

of analysis of variance. The results were not transformed.

L. 3 RESULTS

Table 4.1 <hows the mean total dry weight produced per sample.
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Table 4.1 - Mean Total Dry Weight Unitﬁl(g)

Harvest S.0. 1.F. Contrbl L.S.D.
P=0.05 P=0.01
5 weeks L. 51 L 49 2.18 0.87 1.20
11 weeks 89.30 86.60 40.00 12.20 16.80
17 weeks 204.8 187.0 90.4 . 23.9 33.0
19 weeks 190.3 191.2 102.0 22,5 3.1

Both fertilizer treatments were superior to the N.F. treatment
at all sample times (P<0.01) but, as in 1971 the total yield per sample
on the S.0. treatment was not sifnificantly different from that on the
I.F. treatment. The variation due to replication was insignificant as
in 1971.

In comparison of the mean dry weight plant-] produced under the
three treatments (Table 4.2) the N.F. values are markedly lower than
either of the two fertilizer treatment values at all sampling times
(P<0.01) and the S.0. and I.F. treatments showed no significant differ-
ences at any sampling time. Reference to Table 3.2 will show that this
result is the same for both years at this site. The final values for
the mean dry weight per plant on the fertilized strips were higher than

in 1971, perhaps because larger quantities of fertilizer were applied.

Table 4.2 - Mean Dry Weight Plant_‘(g)

' L.S.D.
Harvest S.0. 1.F. Control P=0.05 — P=0.01
5 weeks 0.063 0.068 0.039 0.011 0.015
11 weeks 1.11 1.22 0.63 0.16 0.23
17 weeks 2.74 2.83 1.51 0.3k 0.47

19 weeks 2.47 2.7S5 1.46 0.34 0.47
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It can be seen from Table 4.l that the mean total dry weight per sample
at the final harvest with the N.F. treatment was very similar to that
obtained the previous year (c.f. Table 3.1). The mean dry weight per
plant at this stage, however, in 1972 was markedly lower, the two values
for 1971 and 1972 being 2.10g and 1.46g respectively. The stability in
total dry weight is the result of a general increase in the stand den-

sity in all treatments in 1972. The figures for 1972 are presented in

Table 4.3

Table 4.3 - Mean Number of Plants Unit-]

Harvest — 2.0. LF LU p=0.05 p=0.01
5 weeks 71.4 65.6 58.4 N.S. N.S.
11 weeks 80.8 71.3 63.7 7.3 10.0
17 weeks 7h4.7 67.1 61.2 8.1 11.1
19 weeks 79.1 69.7 71.4 b7 6.5

As in 1971 the S.0. treatment supported a consistently higher
stand density (P<0.05) than either I.F. or N.F. treatment over the whole
season but the differences between the S.0. and I|.F. treatments were
significant only at 11 and 19 weeks. The mean number of plants per
sample using the figures from all harvests were 76 .5, 68.6 and 63.7 for
$.0., I.F. and N.F. treatmerts respectively. At the five week stage
the variation was relatively high and the differences of means were not
significant. It can be seen from Table 4.3 that the figures for the 5
week harvest are below the seasonal average value for all treatments so
it is possible that the reason for the relatively high variability of
this sample was that it was takeﬁ before all seedlings had emerged.

The mean number of heads per sampie at 17 and 19 weeks is shcwn in
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Table 4.4. The number per sample on the S.0. treatment was higher than

on the |.F. treatment at both the 17 weeks (P=0.05) and the 19 week

(P<0.05) stage.

Table 4.4 - Mean Number of Heads Unit_]

L.S.D.
H t .0. .F. .F. —_—
narvest s-0 1.F N.F P=0.05 0=0.01
17 weeks 120.2 109.8 67.8 11.4 15.7
19 weeks 129.1 119.3 81.6 8.9 12.3

The differences presented in Table 4.4 result in a significantly
higher total dry weight of fruiting heads per semple on the S.0. treat-

ment than on the |.F. treatment.

Table 4.5 - Mean Total Dry Weight of Heads Unit—](g)'

Harvest 2-9. 1P NP =005~ p=0.01
17 weeks 87.5 73.2 4,1 9.8 13.6
19 weeks 90.7 81.2 49.7 8.7 12.0

In Table 4.6 the mean dry weight per head for the 17 and 139 week
hérvests are presented. The N.F. values are significantly lower than
either S.0. or |.F. values at both sampling times (P<0.05). Only at the

17 week harvest was the $.0. value significantly greater than the I.F.

figure (P<0.05).
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Table 4.6 - Mean Dry Weight Head—]

L.S.D.
S. . .F. —_—
Harvest 3.0 1.F N.F P=0.05 P=0.0]
17 weeks 0.72 0.67 0.61 0.04 0.06
19 weeks 0.71 0.68 0.60 0.07 0.09

The total nitrogen uptake per unit as shown in Table 4.7 portrays
an almost paraliel set of results to those of the previous season at
this site. There was no significant difference between the total amount
recovered from the two fertilizer treatments but in 1972 both values

were far in excess of that on the N.F. treatment.

Table 4.7 - Mean Total Nitrogen Uptake Unit-‘(mg.)

Harvest 2:0. 1-F B.F =005 p=0.0)
5 weeks  209.7  209.5 72.2 Wk.9 61.9
1l weeks  1392.0  1345.0  503.4 267.2 368.1
17 weeks 1508.0 1264.0 654, 4 163.9 225.9
19 weeks  1606.4  1475.7  800.4 207.4 285.7

Values for the mean nitrogen content per plant are presented in

Téble .8 and for mean total nitrogen taken into the heads in Table 4.9

-1
Table 4.8 - Mean Nitrogen Uptake Plant " (mg)

Harvest 2.0 LE EF. 0,05 p=0.01
5 weeks 2.93 3.22 1.31 0.63 0.87
ll.weeks 17.15 18.93 7.8 4.03 0.87
17 weeks 26.10 19.08 10.70 2.37 3.27

me_ om0 3 11.27 3.03 4.18
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Table 4.9 - Mean Total Nitrogen Uptake in Heads Unit-](mg)
Harvest 5.0. I.F. .F. L.5.0.
Harvest 2.0 1 N P=0.05 P=0.01
17 weeks 1045.0 822.9 480.8 133.5 183.9
19 weeks 1198.1 991.5 570.1 146 .5 201.8

The results presented in Table 4.9 show significant differences
between all three treatments (P<0.01) at both sampling times. The S.0.
treatment was found to be markedly superior to either |.F. or N.F.
treatments in this respect. This difference in total uptake is a
result of the greater number of heads per sample with the S.0. treatment
and also as the results presented in Table 4.10 show, a significantly

greater nitrogen content per head.

Table 4.10 - Mean Nitrogen Uptake Head-](mg)

Harvest 2.0 1.F. NF. 005" p0.01
17 weeks 8.62 7.48 7.01 0.98 1.34
19 weeks 9.25 8.25 6.98 1.00 1.40

The total accumulation of nitrogen in the vegetative parts and
the amount of nitrogen per vegetative shoot, i.e. the whole plant minus

the roots and the heads, are shown in Tables 4.11 and 4.12 respectively.

Table 4.11 - Mean Total Nitrogen Uptake unit™! in legetative Parts (mg)

L.S.D.
Harvest S.0. 1;5. N.F. P=0.05  P=0.0]
17 weeks 463.1 Ly 169.2 88.2 121.5

19 weeks 408.3 L84 .3 228.9 84 4 116.3



~46-

Table 4.12 - Mean Nitrogen Uptake Vegetative Shoot-](mg)

Harvest S.0. |.F. N.F. L;E;E-

—_— _— —_ —_— P=0.05 P=0.01
17 weeks 5.97 6.54 2.83 1.39 1.92
19 weeks 5.17 6.98 3.11 1.29 1.78

As can be seen in Table 4.11 the differences in nitrogen uptake
between the two fertilizer treatments are not significant either at 17
or 19 weeks, but at the 19 week stage the |.F. treatment contains sig-

nificantly more nitrogen per vegetative shoot than either $.0. or N.F.

treatments.

L.4  DISCUSS!ION

As in the previous chapter, the |.F. values can be used as
tcontrols' because of the continued use of inorganic fertilizer on
exactly the same areas in the experimental site. It is still possible

N.F. S.0. .
therefore to use -—— x 100 and -—=" x 100 ratio percentage values as

I.F. I.F.

indicators of relative performance.

L 4.1 Factors affecting dry matter production

In Table 4.13 mean densities on the S.0. and N.F. treatments
are expressed as a percentage of the |.F. values and although the
values obtained for the N.F. treatment cover approximately the same
ranges as in 1971 those obtained for the S.0. treatment are markedly
lower (Table 3.14, Site 1). Nonetheless, at two of the four sampling
times the difference in density between $.0. and |.F. treatments were
still significant (Table 4.3), probably because the error variance in

1972 was lower than in 1971. This was achicved by increasing the

number of samples.
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Table 4.13 - Mean Number of Plants Unit-] Relative to |.F. Treatment

|.F. Treatment (I.F. = 100)

Harvest 5.0. N.F.
5 weeks 108.8 89.0
11 weeks li3;3 89.3
17 weeks 111.3 91.2
19 weeks 109.2 102. 4

In Table L.14 the sample dry weights are expressed as a percent-
age of the |.F. values and again the S.0. treatment results tend to be

lower than those obtained in 1971 (Table 3.13, Site I).

Table 4.14 - Mean Total Dry Weight Unit-](l.F. = 100)
Harvest S.0. ' N.F.

5 weeks 100. 4 48.5

11 weeks 103.1 k6.2

17 weeks 109.5 4L8.3

19 weeks 99.5 53.3

There is no firm indication of late season benefit from the use
of a semi-organic fertilizer from these figures and there is no

apparent trend in the N.F. values which remained at approximately 50%

for the whole season.

The two components of total dry matter per unit area are:
(1)  Number of plants per unit area and
(2) The mean dry weight per plant.

In Table L.15 values for the latter variable are expressed as
a percentage of the I.F. value and for both the S.0. and the N.F.

treatments are consistently less than 100%. though for the $.0. treat-
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ment none of the differences are significant (P>0.05, Table 4.2).

No seasonal trends are apparent in the values presented in Table 4.15.

Table 4.15 - Mean Dry Weight Plant-] (1.F. =100)

Harvest S.0. 1.F.
5 weeks 93 57
11 weeks 91 52
17 weeks 96.5 53.5
19 weeks 88 52.5

Since stand density was consistently higher on the S.0. treatment,
it might be expected that the plants growing under these conditions
would experience greater competition than those on other treatments.

To investigate this, the regression of dry weight per sample upon

density was calculated for each treatment at each sampling time and

the results are presented in Figs. 4.1, 4.2, 4.3 and 4.4 In Table 4.16
the correlation coefficients are presented and those which are signifi-

cantly different from the |.F. coefficients are marked * (P<0.05).

Coefficients significantly different from zero correlation are marked

+(P<0.05).
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Table 4.16 - Summary of Figures 4.1 - 4 4 inclusive

Harvest Treatment Correlation Coefficient

Ist (5 week) 'S.0. 0.1467
I.F. -0.3414
N.F. 0.0558

2nd (11 weeks) S.0. 0.250 *
I.F. -0.486 +
N.F. -0.501 =

3rd (17 weeks) S.0. 0.130 =
I.F. -0.471 +
N.F. -0.634 +

hth (19 weeks) S.0. -0.146 =
I.F. -0.786
N.F. -0. 449

(* = treatment significantly different from I.F. P¢0.05)

o~
-t
n

correlation coefficient significant P<0.05)

The correlation coefficients shown in Table 4.]6 indicate that
density had no significant effect on the mean dry weight per plant
on the S.0. treated strips. As the season progressed an increasingly
negative correlation and therefore an increasingly severe effect of
density was observed in the |.F. treatment and to a slightly lesser
extent with the N.F. treatment. This could be due to nutrient
deficiency occurring in the N.F. and I.F. treatments but not in the
5.0. treatments despite the greater density of plants on the $.0.

treatment. This problem will be discussed again in section 4.4, 3.

b.4.2 pistribution of dry matter in the developing plants

Although there were no significant differences between the
I.F. and S.0. treatments in terms of total dry matter produced per

unit area, the total dry weight of heads was seen to be significantly
’

greater with the $.0. treatment (Table 4.5). This ieads to th~
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conclusion that relatively more vegetative growth took place with

the 1.F. treatment. The mean percentage contributions of the veget-

ative material to the mean total dry weight per unit were 52.3%.
57.5% and 51.3% for S.0., I.F. and N.F. respectively. The ratio of
vegetative weight to head weight in cereals is often related to
nitrogen supply especially early in development. This point will be
discussed later. (Section 4.4.3),

In a recent paper Gallagher J.N., Biscoe P.V., and Scott R.K.
(1975) showed that over a wide range of grain yields in a large
number of experiments and N.1.A.B. trials, mean weight per grain in
Proctor barley was relatively stable. Grain yield was thus strongly
dependent on the number of grains per unit ground area that a crop
was able to produce. They considered that stability of grain weight
could be achieved by:

"{(a) The number of grains per unit ground area developing
during the grain filling periocd may be géverned by the
amount of assimilate which the crop is able to supply,

(b) The crop may somehow be able to regulate the dry matter
it can supply to permit the grains to reach a nearly
constant weight irrespective of the extent of grain
set, and

(c) A combination of both (a) and (b) may occur."

From their experiments they conclude that the number of grains per
unit ground area is determined before filling of the grain begins
and that neither (a) or (c) can therefore occur. The crop may
therefore be able to adjust the amount of assimilate it can supply
e requirements of the number of grains that are to be

to meet th

filled. Once the number of grains per unit ground area has been

determined it appears that i f the amount of photosynthate produced
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by the crop is insufficient to fill these grains, translocation will
occur to compensate. Conversely if crop dry matter production
exceeds that required to fill the grains then stem dry weight will
increase rather than mean weight per grain.

In 1972 at the Aldborough site the 2nd harvest (11 week) was
taken just before (about 2 weeks) anthesis and comparisons between
the mean dry weight per plant at this stage and the final mean dry
weight of heads per plant and between mean dry weight per plant and
mean dry weight of vegetative material (stem) per plant shows that
photosynthesis was not limiting in any of the three treatments

because stem dry weight continued to increase up to the final harvest.

The amount of increase however varied between the treatments.

(Table 4.17).

- -
Table 4.17 - Measurements of mean dry weight plant ](Wp), stem (Ws)
and head wt. p]ant-l(wu) at the 2nd (2) and b4th (&)

harvests and the change in weight (1) of these plant

parts from 2 to 4 for the three treatments (g)

2 4 2 4 2
Wp Wp AWp Ws Ws AWs W, W, 'y
.0. 1.11 2.47 | +1.36 1.11 1.32 | +0.21 - 1.15 | +1.15
I.F. 1.22 2.79 | +1.57 1.22 1.66 | +0.42 - F.17 #1017
-T;: 0.63 1.4 | +0.83 |'0.63 | 0.76 { +0.13 - 0.70 { +0.70

The figures for Ws show that under the N.F. treatment between

the 2nd and Lth harvests most of the photosynthetic input (847) was

transported to, or a product of the developing heads. The correspond-

i oportions for the $.0. and |.F. treatments were 84 and 7LY
ing pr
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respectively. From Table 4.6 it can be seen that there was no
significant difference between the mean dry weight per head on the
5.0. and |.F. treatments and both of these were significantly higher
than the N.F. values. |If grain weight was stable between the three
treatments then differences in mean dry weight per head must be
attributable to numbers of grains per head. In this respect heads
produced in fhe N.F. treatment would be expected to contain less
grains. Mean dry weight per head was not significantly different
between S.0. and |.F. treatments although there were significantly
more heads per unit area in the $.0. treatment (Table 4.4). From
Table 4.17 it was noted that the propoftion of photosynthetic input
transferred to or produced by the heads was greater for S.0. treat-
ment (84%) than for I.F. treatment (74%). This difference in input
could lead to the equality in mean dry weight per head noted

previously. This problem will be discussed later.

L 4.3 Nitrogen uptake, distribution in the plant and relation to
dry matter production

The percentage recovery of applied nitrogen for the two fert-
ilizer treatments was 72.3% (53.9% in heads) and 59.9% (40.2% in
heads) for S.0. and |.F. respectively. Information on the pattern
of nitrogen uptake and re-distribution in the crop is presented in
Table 4.18, where estimates of the total uptake of nitroger per
plant at the second and.fourth harvests and of the nitrogen accumu-

lated in the heads and in the vegetative material (stem) over that

period of growth are shown.
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Table 4.18 - Measurements of the total nitrogen uptake plant-](NT)

vegetative material (Ns) and heads (NP) plant-] at the

2nd (2) and b4th (4) harvests and the changes in total

nitrogen content (A) of the fractions from 2-4 for the

three treatments (mg)

2 4 2 4 2 Y

Ny N AN Ns Ns ANs N, N, AN,
S.0. |17.15 | 20.36 | +3.21 | 17.15 [5.19 | -11.96 - 11507 +15.17
I.F. 118.93 | 21.31 | +2.38 | 18.93 | 7.12 | -11.8] - 1419 ] #1419
N.F. | 7.8 | 11.27 |+ 3.46] 7.81 |3.24 | - k.57 - 8.03| + 8.03

Figures for AN_. show that nitrogen was being absorbed by the plants

T
in all treatments during this period although there were differences
between the treatments. The allocation of absorbed nitrogen and the
redistribution of both this and the nitrogen already contained in the

plant can be assessed using the ANs and AN, figures. During this period

H
the vegetative material (ANs) showed a net loss of nitrogen and the heads

showed a net increase (ANH). The proportion is found to be 7L4.5%.

g
67.2% and 71.2% for S.0., |.F. and N.F. respectively. |t seems therefore
that proportionally more nitrogen is being transferred to the heads in
the S.0. and N.F. treatments than in the {.F. treatment during the period
li-l9 weeks. There is also'more nitrogen absorbed from the environment
in the S.0. and N.F. treatments during this period relative to I.F. (ANT).
Gregory (1952) and Hanway (1962b) showed that nitrogen accumulation
was rapid over the initial period of growth in cereals, especially when
nitrogen supply was not limiting. On Table 4.19 dry weights and nitrogen
contents per sample at the varioﬁs sampling times are expressed as a

percentage of the 19 week values.
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Table 4.19 - Percentage of final values for Total dry weight (D.W.)

and Total nitrogen uptake (N) wnit”! at various stages

in development

TREATMENT
HARVEST S.0. I.F. N.F.
D.W. N D.W. N D.W. N
5 week 2.4 13.1 2.4 14,2 2.1 9.6

11 week L6.9 | 86.7 | 45.3 | 90.5 | 39.2 | 62.9
17 week 107.6 | 93.9 | 97.8 | 8.3 | 88.6 | 81.8

19 week 100 100 100 100 100 100

It can be seen from Table 4.19 that for the $.0. and |.F. treat-
ments nitrogen uptake was rapid up to the eleven week harvest and then
levelled off, by which time less than half the total dry weight had
been accumulated. In the N.F. treatmént, nitrogen was absorbed at a
rélatively steady rate throughout the season. In Table 4.20, ni trogen
content per sample on the S.0. and N.F. treatments is expressed as a
percentage of that in the |.F. treatment and it is particularly notice~
able that as the plants develop there is a steady increase in the rela-

tive amount of nitrogen in the N.F. treatment.

Table 4.20 - Mean Total Nitrogen content unit”! (1.F. = 100)
Harvest S.0. N.F.
5 week 100.0 36.9
11 week 103.5 37.4
17 week 119.3 51.8

19 week 108.9 ) 54.2
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The corresponding values for the S.0. treatment also show a rise
during the season up to 17 weeks then a decrease. It could be argued
that variations in total dry matter per unit and the total nitrogen
content per unit over the season may be due to the fluctuating sample
size at each harvest (c.f. Table 4.13). The trends observed in Table
4.20 could therefore be artifacts produced by sampling error. Estimates
were therefore made (Formula |, Chapter [l1) of whole plant dry weight
and whole piant nitrogen content at densities corresponding to the
seasonal mean for each treatment. These figures were calculated for
each treatment at each harvest and then multiplied by the seasonal mean
number of élants per unit for each treatment. A series of 'corrected'
figures is thereby produced for mean total dry weight per unit and mean
total nitrogen content per unit at the various harvests. These figures
are presented in Table 4.21 and expressed as percentages of the 19 week

values for each treatment in Table 4.22.

Table 4.21 - Mean total dry weight g. unit-] (D.W.) and mean total

nitrogen uptake mg. per unit (N) at various harvests

(Values at mean seasonal density)

TREATMENT
HARVEST S.0. P.F. N.F.
D.W. N D.W. N D.W. N
- 5 week 4.8 1 241.7 4.7 216.1 2.5 | 84.7

11 week 84.2 |1315.0 | 85.1 ]1333.6 40.1 |497.5
17 week 209.6 |1529.2 192.8 1284.5 93.6 [659.9

19 week 189. 1597.3 {198.3 {1510.6 108.3 [793.7

~J
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Table 4.22 - Percentage of 19 week values for mean total dry weight

o -
unit (D.W.) and mean total nitrogen uptake unit ] (N)

at various harvests (data from Table 4.21)

HARVEST S.0. I.F. N.F.

D.W. N D.W. N D.W. N

5 week 2.5 15.1 2.3114.3 2.3110.7
11 week Ly L4 182.3 42.9 ] 88.3 37.0162.7
17 week 110.5 | 95.7 97.2 | 85.1 86.4 ] 83.1

19 week 100 100 100 100 100 100

The results in Table 4.21 and 4.22 are presented graphically in
Figs. 4.5 and 4.6 respectively. Reworking Table 4.20 using the figures
presented in Table 4.21 (and thereby eleiminating fluctuations due to
sample size) for mean total nitrogen uptake per unit,.Table 4.23 is

produced.

Table 4.23 - Mean total nitrogen uptake unit_] (data from Table 4.21)

I.F. = 100
Harvest S.0. N.F.
5 week 119.9 39.2
11 week 98.6 37.3
17 week 119.0 51.4
19 week 105.7 52.4

It can be seen from Fig. 4.5 that plants on the N.F. treatment
continued to absorb nitrogen and accumulate dry matter at a fairly
steady rate throughout the season. From Table L.23 it appears that
over the latter half of the season nitrogen accumulaticn was greater on

the N.F. treatment than |.F. treatment, because the ratic values incrcase



200

9
wn
o

Dry weight unit™’ (g)

)
Q

50

|

~- 61 -

Figqure 4.5

Mean total dry weight {g) unit™! and mean total nitrogen (mg)
unit™! at various harvests.

A=S0. .

Closed symbols = Dry weight
o=1.F .

Open symbols = Nitrogen uptake
O=N.F

1

A [ ] .
/-.' </
a
0
0
] .
1 1 1
11 17 18

Time {weeks)

2000
1500
=)
£
<
c
- J
[V
X
1000
[oR
- |
o
(@]
©
z
S
500 =



Percentage

- 62 -

Figure 4.6

(1972) Percentage of final dry weight and percentage of final

total hitrogen uptake at various harvests.

A
O =1.F
(o)

Closed symbols = Dry weight
Open symbols = Nitrogen uptake

110 i

100 |-

S0 +

70 |-

o
o
!

(%))
o
!

30

20 |-

10 -

Time {(weeks)



-63_

steadily from the 11 week harvest onward, Thorne (1962) found in pot
experiments with Proctor and Plumage Archer barley that nitrogen uptake
from unfertilized soil continued slowly until maturity, whereas uptake
from pots fertilized at sowing (inorganic fertilizer) was complete at
ear emergence. Over the last four weeks of her experiment plants in
the non fertilized plots absorbed 10% of their final nitrogen content
whereas there was no net income from the fertilized pots over the same
period.

In a field experiment using several varieties of barley, Watson,
Thorne and French (1958) found that nitrogen uptake continued through-
out the season (0.46 cwts N applied as 'Nitrochalk' broadcast at sowing).
After ear emergence nitrogen in the ear increased at the expense of the
shoot, so that at the final harvest the major part of the nitrogen
occurred in the grain. Over the last eight weeks of their experiment
the difference in total nitrogen content between fertilized and non-
fertilized treatments decreased showing that nitrogen.content on the
no fertilizer treatment was increasing relative to the fertilized
treatment. They offer no satisfactory explanation for this phenomena
but cite rate of mineralization of soil organic matter as a contributory
factor.

Addition of fertilizer nitrogen has been shown (Aleksic, Breeshart
and Middelboe, 1968) to have very little effect upon the rate of miner-
alization of soil organic nitrogen. It seems likely therefore that the
performance of the N.F. treatment plants is due to continued plant
uptake of, and requirement for, nitrogen relative to plants on the I.F.
treatment.

Gregory (1952) stated that in the developing cereal plant grcwn
at different levels of nitrogen, over 90% of the total nmitrogen taken
up by the plants has been accumulated when the dry weight is only 25%

of the final value. Watson et al (1958) found substantially lower
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values for rate of nitrogen uptake relative to dry weight accumulation.
In their experiments only 60% of the maximum nitrogen content was
present at 25% maximum dry weight. The corresponding values for S.0.,
[.F. and N.F. treatments are as follows:- 61%, 75% and 52% respectively
(c.f. Fig 4.6). It appears from these figures that the rate of
nitrogen uptake was faster with the |.F. treatment that either S.0. or
N.F. treatments over the early stages of grthh. The ratio of head
weight to vegetétive weight in cereals is often related to early
nitrogen uptake. Halliday (1948) observed that with small grain cereal
cfops the maximum ratio of grain to straw usually occurred in the range
of marked deficiency of nitrogen. Hence the ratio of grain to straw
usually decreases with an increase in nitrogen supply. He concluded that
increases in ratio of grain to straw from nitrogenous fertilization
could be obtained by delayed application of the fertilizer. From the
figures presented for the rates of nitrogen uptake as percentage of the
final value it would be expected that proportionally more of the total
weight would be present in the heads in the S.0. and N.F. treatments
compared to the I|.F. treatment. Reference to Table 4.17 shows that the
value th is 46.6%, 41.9% and 47.9% for S.0., |.F. and N.F. respect-
Wph
ively. These figures are from the raw data and it seems important
therefore to rework Tables 4.17 and 4.18 using estimates of plant dry
weight and nitrogen content per plant at dehsities corresponding to the

seasonal mean for each treatment. Table 4.24 corresponds to Table 4.17

and Table 4.25 corresponds to Table 4.18.
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Table 4.24 ~ Measurements of mean dry weight plant-](Wp), stem” | (Ws)

-1
and head wt. plant (WH) at the 2nd (2) and 4th (4) harvests

and the change in weight (A) of these plant parts from 2 to

L for the three treatments. All estimated at densities

equal to seasonal mean for each treatment

2 L 2 L 2 4

Wp Wp AWp Ws Ws AVs W, W, A,
S.0. | 1.10 | 2.48 | +1.38 |1.10 | 1.29 |+0.19 - 1119 | +1.19
1.F. 1 1.2h | 2,89 41,65 | 1.2h | 1.68 [+0.44 | - | 1.21 | +1.21
N.F. | 0.63 ] 1.70 |+1.07 |0.63 | 0.91 |+0.28 - ] 0.79 | +0.79

Table 4.25 - Measurements of the total nitrogen uptake plant-](NT) stem

(Ns) and heads plant-l (NH) at the 2nd (2) and b4th (&)

(
harvests and the changes in total nitrogen content (A) of
1

1

the fractions from 2-4 for the three treatments. A

estimated at densities equal to seasonal mean for each

treatment
2 4 2 L 2 4
N N AN Ns Ns ANs N, N, AN,
s.0. | 17.19] 20.80| +3.61 [ 17.19] 5.29| -11.9 | - 15.51 +15.51
A.F. | 19.44) 22,02 | +2.58 | 19.44) 7.36| -12.08} - 14.66| +14.66
N.F 7.81} 12.46 | +4.65 | ' 7.81| 3.30| - 4.51] - 9.16| + 9.16

Certain comparisons have been extracted from Tables 4.24 and

4,25 and these are presented in Table 4,26.
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and 4.25 (percentages)

WH(? W ()N TB) e NG N (2] | aN_
W
e WEU*) N NG N N
S.0. 92.2 L8.0 74.6 17.4 82.6 69.2
1.F. 72.0 L1.9 66.6 13.3 88.3 62.1
N.F. | 86.8 46.5 73.0 37.3 62.7 57.7
: . W, (4)
The grain to straw ratios ( 'H ) for the three treatments
ws: )
are 92.2%, 72.0% and 86.8%, and the proportion of the dry weight per
plant present in the heads ( wH(h) ) is 48.0%, 41.9% and 46.5% for
wp(ﬂ)

S.0., I.F.

and N.F. respectively. This shows that the contribution

to the total dry weight found in the heads is the least on the I.F.

treatment. As was mentioned previously (Halliday 1948) abundant early

nitrogen supply is associated with lower grain to straw ratios. The

ratios NT(Z) ) show that 88.3% of the final total nitrogen content

W)

per plant was present at the 2nd harvest for plants on the |.F. treat-
and N.F. treatments were 82.6%

ment. The corresponding values for S5.0.

and 62.7% respectively.

From Table 4.24 it can be seen that AWS increased during the 11

treatments. This suggests that photosynthetic

to 19 week period in all
input during this period was not iimiting and that favourable conditions
existed for grain filling. Gallagher et al (1975) in their paper on the
stability of grain weight in barley (c.v. Proctor) demonstrated that
large decreases in AW, occurred in two out of the three seasons

studied. They associated these large amounts of translocation to drought
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conditions during the period of grain filling. Under these conditions
the rate of photosynthesis in the ear, awns and upper leaves of the
canopy was found to be very low from anfhesis to maturity. In their
experiments, 2.3%, 74.2% and 33.3% of the final grain weight was attrib-
utable to translocation from the stem (1969, 1970 and 1972 seasons res-
pectively). Other’workers, however, have found little or no transloca-
tion from the vegetative material (stem) to the heads in barley.
Watson and Norman (1939) found no loss of stem dry weight as the ears
matured and similar results were presented by Watson et al (1958) and
Tﬁorne (1965). It would appear that translocation of dry matter from
the stem to aid grain filling only occurs when photosynthesis in the
ears is prevented or reduced by external factors such as water supply.
Watson and Norman (1939) in experiments where certain parts of
the barley plant were shaded to prevent photosynthesis were able to
estimate the contribution to ear dry wéight made by the various plant
fractions. Material for ear growth appeared to be de}ived as follows:-
25% from leaves and sheaths before ear emergence, 45% from the flag
leaf and top internode and 30% from assimilation by the grain itself.
Watson et al (1958) reported broadly similar values. Both of these
papers showed no close dependence of the rate of translocation of
nitrogen compounds into the ear on the rate of increase in carbohydrate
in the ears. The dry matter contribution to grain yield by assimilation
in the shoots was, however,,increased by nitrogenous fertilization and
this increase was wholly ascribable to increase in leaf area duration.
Increase in dry matter production by the ears was associated with an
increase in the photosynthetic capacity of the ears. In a field
experiment, Thorne (1962) showed that application of fertilizer
nitrogen at the time of ear emergence h;d no effect on the production

of new tillers but senescence of the leaves and of the existing shoots
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was delayed and grain yield increased correspondingly.

From table 4.25 it can be seen that the amount of nitrogen absor-

bed from the environment during the 11-19 week period was greatest on

T
2.58). This intake of nitrogen was also proportionally greatest on the

AN
N.F. treatment ( T ) and least on the |.F. treatment. Translocation

N_(4)

of nitrogen from the stem to the heads took place in all three treatments

the N.F. treatment (ANT = 4.65) and least on the I.F. treatment (AN_ =

but was greatest on the S.0. treatment and least on the N.F. treatment

( ANs )
xe

pfevented senescence of photosynthetic surfaces it might be expected that

In view of Thorne's (1962) findings that late nitrogen uptake

head weight would continue to accumulate to a later date in the $.0. and

N.F. treatments compared to the |.F. treatment. Certainly the proportion
: : N, (4)
of nitrogen found in the heads ( H )

Ny

N.F. treatments as was the proportion of the whole plant weight found in

was greatest on the S.0. and

the heads ( wH(h) ).
W, (h)

p
The greater degree of translocation of nitrogen to the head and
the greater absorption of nitrogen from the soil on the $.0. treatment
compared to the I.F. treatment could account for the fact that although
total nitrogen content per plant was not significantly different (Table
L.8) there was significantly more ni trogen per head on the S.0. treat-
men t (fable 4.10). This pattern of nitrogen distribution could lead
to prolonged photosynthetic activity in the heads on the S.0. treatment
and equivalence of dry weigét per head (Table 4.6) even though the

number of heads per unit area on the S.0. treatment was significantly

higher than on the I.F. treatment (Table 4.4).

.4 4 Relationship between stand density and nitrogen content per plant

The relationship between stand density and mean dry weight per

plant at the four harvest times has been shown in Figs. 4.1 - 4.k,
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These graphs indicate that there is no significant relationship between
density and mean dry weight per plant on the $.0. treatment, but that as
the season progressed there was an increasingly negative correlation on
the 1.F. treatment and to a lesser degree on the N.F. treatment. A
similar relationship is found to occur between stand density and the
mean nitrogen content per plant over the season. This is illustrated

in Figs. 4.7, 4.8, 4.9 and 4.10. Table 4.28 gives a summary of the

information presented in these figures.

Table 4.28 - Summary of Figures 4.7 - 4.10 inclusive

Harvest Treatment Correlation coefficient

Ist (5 week) S.0. 0.385 =*
|.F. -0.269
N.F. 0.061

2nd (11 ‘week) S.0. -0.024
lI.F. -0.468 ¢
N.F. -0.323

3rd (17 week) S.0. 0.249 =*
|.F. -0.564 +
N.F. -0.599 +

bth (19 week) S.0. -0.367
|.F. -0.627 +
N.F. -0.287

( * = treatment significantly different to I.F. P<0.05)

(+ = correlation coefficient significant P<0.05)

The correlation coefficients between mean dry weight per plant
and density, and mean nitrogen content per plant and density are

plotted against time in Fig. 4.11. As can be seen these two variables
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Figure 4.9
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Figure 4.10
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follow a very similar course throughout the season on the I.F. and N.F.
treatments. In the 5.0. treatment, however, the two variables change

in a similar way only between the 17 and 19 week harvests. This
suggests that competition for nitrogen might be responsible for the
inverse relationship between dry weight and density on the I.F. and N.F.
treatments and that it becomes effective on the S.0. treatment only

late in the season.

L.5  SUMMARY
The following points are made as a general summary to this

chapter:-

1. The S.0. treatment supports a higher stand density than ejther
I.F. or N.F. treatments.

2.7 Only in the I.F. and N.F. treatments was there a significant
(negative) correlation between stand density and mean dry weight
per plant over the course of the season.

3. The correlation between mean dry weight per plant and density
is very marked on both the |.F. and N.F. treatments, but not so
on the S.0. treatment. This could indicate that nitrogen was
not limiting dry matter production to such an extent on the
S.0. treatment.

b, The percentage recovery of applied nitrogen was greater on the
S.0. treatment than on the I.F. treatment.

5. There was no significant difference in the total dry matter
produced per unit area on the two fertilized treatments. A
greater proportion of this weight was in the heads on the S.O0.
treatment compared with the |.F. treatment.

6. The mean total nitrogen upfake per unit was not significantly

different between the $.0. and |.F. treatments but the mean
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total nitrogen uptake per unit in heads and the mean nitrogen
content per head was significantly greater in the S.0. treatment.
Plants grown with the semi-organic fertilizer absorb proportion-
ally more nitrogen later in the season than those grown with the
inorganic fertilizer. More nitrogen is also transferred from
the vegetative material to the heads. This could lead to
prolonged photosynthetic activity in the heads on the $.0.
treatment thereby compensating for the greater number of heads

per unit area found on this treatment.
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CHAPTER V

THE EFFECT OF FERTILIZER MATERIALS ON THE
GERMINATION OF BARLEY GRAINS

5.1 INTRODUCTION

Numerous workers have recorded the effects of fertilizer salts
upon the rate and completeness of germination in a wide variety of seeds
and grains. Olson and Dreier (1956) tested the effects of fertilizer
placeme?t on the germination and eventual stand density of a variety of
small grains under field conditions and in the greenhouse. They found
that severe stand reductions in the field crop resulted from only
moderate levels of fertilization (101bs N acre-]) when the water content
of the soil approached the permanent wilting point.

In laboratory experiments to determine the effects of ammonium
nitrate and muriate of potash on germination when placed in contact with
wheat seeds, Chapin and Smith (1960) concluded that:;

""(a) variation in soil moisture peréentage, from just below the
permanent wilting point to field capacity, caused but slight

variation in germination of wheat seeds when fertilizer was

not used.

(b) fertilizer salts placed with seed at planting time in
soil that was at or near field capacity had little effect
upon final germinatidn. There was some delay in seedling

emergence, however, with the heavier rates of application

causing the greatest delay.

(c) if fertilizers were placed in direct contact with the

seed and if the soil moisture was at or near the permanent
wilting point, germination was reduced greatly or even

prevented by heavy applications of fertilizers.
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(d) a given amount of nitrogen from ammonium njtrate
delayed germination more and caused greater final
losses in germination than did the same amount of

KZO supplied by muriate of potash."

Stand reduction and germination retardation of wheat both in the
field and the greenhouse using a variety of fertilizers was recorded
by Brage, Zich and Fine (1960). Much of the work done on this problem
has incorporated two variables, the amount of fertilijzer applied and
the level of soil moisture at the time of sowing. Much work has been
done on this second variable (Doneen and MacGillivray, 1943; Hunter and
Erikson, 1952; Dasberg and Mendel, 1971; Uhvits, 1946; Hadas, 1970).

In all cases low soil moisture level and/or high salt concentration
of the soil solution led to a reduced germination rate,.

In some of the experiments referred to above the amounts of
fertilizer used were less than those applied in the experiment described
in Chapter Iil, and it is possible that the concentrations of salts in
the soil solution of the I.F. treatment were responsible for the relat-
ively low densities of plants on this treatment compared with the S.0.

treatment. A series of greenhouse experiments were set up to invest-

igate this possibility.

5.2  MATERIALS AND METHODS

5.2.1 Experiment |

In the first experiment the method employed was similar to that
used by Chapin and Smith (1960). Five inch (17.8cm) plant pots were
filled with soil from the field at Aldborough (Site I). The soil was
air dried and sieved (3" mesh) to remove large particles. A circular
furrow 3.5 inches (8.9cm) in diameter was drawn in the soil surface of

-5
each pot. This gives an area equivalent to 1.2 x 10 7 acres
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(0.49 x 1072

ha) assuming 7 inches (17.8cm) between adjacent rows.

At a sowing density equivalent to twelve stone per acre (188 Kg.ha—])
the number of seeds required per pot was found to be twenty five,
Therefore twenty-five grains of dressed Proctor barley were sown at a
depth of 2'' (1.9cm) in each furrow. Fertilizer was also placed in the
furrow in a quantity calculated to give a rate of application of

3 cwts per acre (376.5 Kg ha-]) or 1.9g per pot. Eight pots were
treated with S.0. fertilizer (analysis 9.6.6.) eight with |.F. (9.6.6.)
and eight received no fertilizer (N.F.), giving twenty four pots in all.
Two watering regimes were used viz:- 100 and 200 cm3 of distilled water
every two days. This is equivalent to 0.08 inches (2.0mm) and 0.16
inches (4.1mm) of rain respectively. The pots were arranged in the

greenhouse in a standard randomized block design there being four

replicates of six treatments as follows:

Treatment Number Treatment
| No Fertilizer (N.F.), 100cm’ H,0/2 days
2 " (R} il , Zoocm3 i [N}
3 Semi-organic (S.0.), 100cm’ H,0/2 days
I,, " " 1" 200cm3 " "
5 Inorganic (1.F.), 100cm> H,0/2 days
6 i " 200cm3 1" it

The number of seedlings per pot was counted and recorded every

twenty four hours.

5.2.2 Experiment ||

This experiment was basically similar in overall design to

Experiment |, but grains were sown at di fferent times, a greater

water stress was applied and a different watering regime was used.



-80-

The Chapin and Smith (1960) method was retained and the same two fert-
ilizers at the same rates were used. The plant pots were filled as

before with air dried and sieved Aldborough soil. Each soil sample

was then brought to field_capacity (water content = 31.5% dry weight)
then left to dry out gradually. Three days after water had ceased to
~drain out of the pots, when the water content of the soil was 18.4%

dry weight, half of them were sown and fertilized as before. The
remaining pots were sown and fertilized three days later when the water
content had dropped to 10.2% dry weight. Air dry soil had a water
content of 4.2% dry weight.

There were therefore six treatments:-

Treatment No. Treatment
1 N.F. sown day 0
2 [ 1" (R} 3
3 $.0. sown day 0
L " " "3
5 |.F. sown day 0
6 t it " 3

There were four replicates of each treatment as in Expt. 1.
The number of seedlings per pot was counted every 24 hours. No water
was added at the time of sowing. After eleven days from day 0 no
seedlings had appeared and the soil was extremely dry. Two hundred
cm3 of distilled water was added to each pot on that day and a further

100 cm3 was added when the ,seedlings showed signs of wilting.

5.2.3 Experiment ||

The same basic method used in Experiment | and Il was retained.
Whereas in these two previous experiments the Inorganic fertilizer

(1.F.) was a specially prepared powdered compound of analysis 9.6.6.

the fertilizer used in Expt. I!l was the standard commercially available
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prilled compound (analysis 20.14.14.) used in the 1972 field trials.
The rates of application were also the same as in the 1972 field
trials, viz:- 6 cwts per acre (753 Kg.ha-]) Semi-organic (S.0.) and
2.75 cwts per acre (345 Kg.ha—]) Inorganic (1.F.) This rate of applic-
ation was equivalent to 3.8g per pot (S.0.) and 1.74g per pot (I.F.).

A treatment with no added fertilizer (N.F.) was included as before.

The twenty-four plant pots were filled with air dried and sieved
Aldborough soil, brought to field capacity then left to drain. Half
the pots were sown and fertilized when the soil moisture content had
dropped to 17.3% dry weight, the remaining pots were set up when the
level had dropped to 7.7% dry weight (day 5). There were therefore six

treatments as before, viz:-

Treatment No. Treatment
1 N.F. sown day 0
2 " t ()] 5
3 S.0. sown day 0
L " 1" "o
5 I.F. sown day 0
6 1" t " 5

No water was applied to the pots at the time of sowing. The first
3
watering (200 cm> per pot) took place on day 12 and 100 cm™ was added to

each pot whenever there were signs of wilting.

5.3  RESULTS AND DISCUSSION

The results of Experiment | are presented in Fig. 5.1 (N.F. =

Control). A high percentage germination was achieved in all treatments

in the first experiment, but there was a maximum di fference of five

days in the time taken to reach 90% germination between the six treat-

ments. Emergence of seedlings was recorded for both N.F. treatments

and.for the S.0. treatment at the higher watering regime (Treatment nos.
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I, 2 and 4) the first day after the regular watering regime was started.
One day later seedlings emerged in the S.0. treatment receiving 100 em’

H,0 per day and the I|.F.

) treatment at the higher watering level (Treatment

nos. 6 and 3). Twenty four hours later seedlings were present in pots in
treatment no. 5 (1.F. low water regime). So it would appear that the
presence of the fertilizer materials was reducing the rate of germination
even when there was no apparent water shortage. The slowest and most
incomplete leve} of germination was recorded under the I|.F. fertjlizer at
the lower watering level. These results agree with those obtained by
Chapin and Smith (1960). Using a silty clay loam soil at soil moisture
contents ranging from 20% - 30% dry weight they found that fertilizer
materials reduced the rate of germination of wheat seeds but by the end
of the experimental period differences in germination had disappeared.

In Experiment | the soil moisture level was not allowed to approach
the permanent’wilting point at any stage. Experiment Il was designed to
incorporate tHe effects of a water shortage on the germination rate.

Fig. 5.2 (N.F. = control) shows that following the first watering (day i1)
seedlings appeared in some pots the next day, i.e. the pots treated with
semi-organic fertilizer and those without fertilizer addition (Treatment
nos. 1, 2, 3 and 4). The appearance of seedlings in the pots treated

with inorganic fertilizer (Treatment nos. 5 and 6) was delayed by as much
as a further three days (Treatment no. 6). Furthermore, there were marked
differences in the percentage emergence under the different treatments

at the end of the experiment. With the I.F. treatments (5 and 6) 76% and
73% of the seedlings emerged respectively, with the 5.0. treatments

(3 and 4) 83% and 87% respectively and where no fertilizer was added

final percentages were 91% for both treatments (1 and 2). It can be seen

therefore that soil moisture content at the time of sowing had an apprec-

iable effect upon the rate and percentage of germination of barley grains
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especially in conjunction with the |.F. fertilizer treatment. The rate

and final germination percentage was lowest for the two inorganic fert-
ilizer treatments, treatment 6 being two full days behind treatment § in
showing seedling emergence.

- Experiments | and Il had shown that fertilizer materials in conjun-
ction with varying soil moisture levels could reduce both the rate and
completeness of germination of barley grains. The aim of Experiment |1
was to follow thé levels of fertilization used in the 1972 field trials
at two soil moisture levels at the time of sowing.

The results presented in Figure 5.3 (N.F. = control) show that
germinating seedlings were present after three days in treatment no. |
(N.F.) but the level remained very low until the first waterings took
place (day 12). The percentage emergence in the two N.F. treatments
(1 and 2) rose sharply to around 80% and thereafter rose gradually to
final values of 88% and 93% (Treatments 1 and 2 respectively). Emergence
was first recorded for treatments 3 and 4 (S.0.) on days 13 and 14, with
final values of 81% and 73% respectively. Treatments 5 and 6 (1.F.)
showed seedlings present on days 14 and 15 rising to final values of
47% and 61% respectively. As in Experiments | and Il therefore, it would
appear that at various soil moisture levels establishment is considerably
higher in the presence of a semi-organic fertilizer than an inorganic
fertilizer.

Fertilizer salts may Qe detrimental to crop production in two ways.
Firstly a chemical effect through the toxicity of certain of the constit-
uents, e.g. Biuret (Brage et al, 1960) and secondly a physical effect

through the attainment of an osmotic concentration greater than that

which can be tolerated by crop plants. Banding of seed and fertilizer

together increases the efficiency of use of fertilizers but can lead to

stand reduction (Lewis and strickland, 1944; Widdowson, Penny, Williamson
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and Cooke, 1959). For a given quantity of fertilizer nitrogen fertil-
izers are.generally most toxic, potassfum next and phosphorus next
(Carter, 1967).

The relative performance of the plants treated with inorganic
and semi-organic fertilizers resembles that obtained in the field
experiments but the relative performance of the plants without fertil-

izer is quite different. This problem will be discussed in Chapter

Vi.
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CHAPTER VI

GENERAL DISCUSSION

This study set out to investigate the efficiency of a semi-
organic fertilizer as compared to the more usual wholly inorganic type.
Although the semi-organié fertilizer has been commercially available
for many years it has never been the subject of any detailed study.
The three years of field work presented in this thesis were designed
to compare the effects of a semi-organic fertilizer and a wholly
inorganic type of fertilizer on the growth of barley and the uptake
and subsequent distribution of nitrogen in the crop. Since the first
years trials (Chapter 11) were subject to so many unforseen difficult-
ies, no further discussion of the results presented in section 2.3
will be attempted here. Special attention will be given here to a
comparison of the results from the 1971 (Chapter 111) and 1972

(Chapter 1V) trials at Aldborough location (Site 1).

6.1  COMPARISON OF RESULTS FROM 1971 and 1972 FIELD TRIALS AT SITE |

A selection of the results for various parameters from the two
seasons' field trials is presented in Table 6.1. All the figures
are those measured at the final harvests (21 week in 1971, 19 week in

1972).



Table 6.1 - Various comparisons abstracted from the 1971 & 1972 results
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on both the fertilizer treatments than in 1971 with the exception of the

mean

however, every value except density is lower in 1972 than in 1971.

dry weight per head on the S.0. treatment.

On the N.F.

treatment

The

. TREATMENT 5.0. 5.0. I.F. I.F. N.F. N.F.
YEAR 1971 1972 1971 1972 1971 1972
Mean number plants unit-] 64.8 79.1 54.3 69.7 52.2 71.4
Mean total dry weight unit-](g) 149.3 109.3 131.6 191.2 109. 4 102.0
Mean dry weight plant-](g) 2.30 2.47 2.40 2.79 2.10 1.46
Mean dry weight head-](g) 0.74 0.71 0.62 0.68 0.61 0.60
Mean total N. uptake unit—](mg) 1569.9 1606. 4 1293.4 1475.7 1053.7 800.4
In 1972 the value of every property recorded in Table 6.1 is higher

overall mean number of plants per unit for 1971 and 1972 is shown for each

treatment in Table 6.2 (figures in brackets refer to final harvest values

only),

Table 6.2 - Overall mean number of plants unit-]

S.0.

N.F.

1971
64.3
54.3
50.5

1972
76.5
68.6
63.7

1971
1972
]

84.

x 100

(81.9)
79.2 (77.9)
79.3 (73.1)

and it can be seen that there was an increase in stand density over all

three treatments in 1972 compared with 1971 though the increase for the

S.o0.

treatment was somewhat less than for the other two treatments,

There would therefore appear to be a factor which is responsible for
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the total number of seeds germinating and/or becoming established.
This factor acts to a similar degree across all treatments (as the
ratios indicate). |If as is suspected the stand density observed with
the S.0. treatment in 1971 is very close to a maximum possible value
then any factor which increases the overall stand density would affect
the S.0. treated stands to a lesser extent. This factor is likely to
be a climatic one; it cannot be a nutritionai factor as N.F. treatment
is affected to the same extent as |.F. treatment.

The average monthly rainfall in this area for the first three
months of 1971 and 1972 was 35.5mm per month and 48.2mm per month res-
pectively. For the first five months the corresponding values were
36.4mm per month and 49.5mm per month. Before sowing on 6 April 1971
there had been no appreciable rainfall (max. 2mm) in any one day for the
preceeding twenty days. In 1972 prior to sowing on 19 April there had
been a rainféll of 11.5mm (recorded in one day) just ten days previously.
The soil moisture content at the time of sowing in l9>l was 14.7%% 0.8
and in 1972 ‘was |7.7%t 0.9. The differences in plant numbers between
1971 and 1972 could therefore be attributable to more favourable
climatic conditions for germination in 1972 though it must be borne in
mind that different varieties were sown in the two years.

The substantial increase in biomass production on the fertilizer
treatments in 1972 seems to be largely a result of the increase in
density, for the increase in dry weight per plant in 1972 is only small
in each case (7.4% on the S.0. treatment and 16.2% on the |.F. treatment).
Since the increase in density appears to be a result of climatic condit-
ions it might be argued that the increase in amount of fertilizer used
in 1972 had little effect on biomass production. It has been shown,
however, (Chapter 1V) that, especially towards the end of the growth

period, there was a highly significant negative correlation betwecn
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plant dry weight and stand density on the |.F. treatment so had not

the fertilizer application been increased it seems unlikely that plant
dry weight and therefore biomass production, would have been so high.
This does not seem to apply to the $.0. treatment however, for here the
correlation was not significant. It follows that a substantial increase
in biomass production on this treatment might be achieved by increasing
sowing density.

In Table 6.3 estimates of the amounts of nitrogen absorbed by the
crop per sampling unit on the two fertilizer treatments and the amounts
left in the soil and or lost to the system by drainage, etc. are
presented for 1971 and 1972. The first value was obtained by subtract-
ing the uptake of nitrogen on the N.F. treatment from that on the res-
pective fertilizer treatment and the second by subtracting this value

from the amount of fertilizer nitrogen applied.

Table 6.3 - Fate of applied nitrogen

S.0. Treatment I.F. Treatment
1971 1972 1971 1972
Nitrogen applied
(mg) 550 1100 612 1120
Absorbed by crop 516 806 240 675
Not absorbed 34 294 372 L4s

in 1971 the amount of‘nitrogen absorbed by the crop on the $.0.
treatment was equivalent to a very high percehtage of that applied
(94%) while on the I.F. treatment it was equivalent to less than half
(39%) of that applied. In 1972 the amount retained in the soil or
lost with the drainage on the |.F. treatment was similar to the 1971
value and it can be estimated that 60% of the applied nitrogen was

absorbed. Since the N.F. trcatment received no fertilizer for two
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consecutive years, however, it could be argued that the 1971 value for
uptake of nitrogen on the N.F. treatment should be used jin the calcul-
ations. In this case the amount of fertilizer nitrogen absorbed would
be 422mg, 38% of that applied. The corresponding values for the $.0.
treatment would be 553mg and 50%. If, in general, a crop is capable of
utilising a large proportion of nitrogen supplied as semi organic fert-
ilizer as occurred in 1971, it seems that in 1972 there was a conéider-
able residuum which could have been utilized by increasing sowing
density. On the inorganic fertilizer treatment it seems that either
there is an approximately constant amount of fertilizer that is not
utilized (about 400mg per sample) or a constant proportion (about 60%)
depending upon whether 1971 or 1972 values for nitrogen taken up by the
N.F. treatment are used.

The mean number of fertile tillers per plant (e.g. number of
heads per plant) increased between 1971 and 1972 for both S.0. and I.F.
treatments despite the greater mean stand density in.l972. The number
of fertile tillers per plant in the N.F. treatment declined from 1.38
in 1971 to 1.14 in 1972. Aspinall (1961) and Langer (1966) ascribe
variation in tiller number to levels of nutrient uptake. The relation-
ship between the fertile tiller number and mean total nitrogen uptake

per unit between 1971 and 1972 can be seen in Table 6.4

-1
Table 6.4 - Differences in fertile tiller number plant (A) and mean

total nitrogen uptake unit-](B) between 1971 and 1972

A B
1972 1972
x 100 x 100
1971 1971
S.0. 108.6 102.2
I.F. 122.9 14
N.F. 82.7 75.9
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There was a considerable drop in the mean total nitrogen uptake
per unit between 1971 and 1972 in the N.F. treatment. It must be
assumed that this is a result of two seasons of unfertilized growth and
the effects of this can be seen throughout the results in this treatment.
The increase in stand density between the two years does however complic-
ate this relationship considerably.

Due to a combination of increase in stand density and two seasons
unfertilized growth the mean dry weight per plant in the N.F. treatment
drops from 2.10g in 1971 to 1.46g in 1972. The mean dry weight per
head however remains virtually constant (Table 6.1). In fact the
proportion (percentage) of the mean dry weight per plant contributed
by the fruiting head material is markedly different between the three

treatments and the two years (Table 6.5)

Table 6.5 - Proportion (%) of mean dry weight p]ant-] present in heads

1971 1972 1972

3rd Harvest 3rd Harvest Lth Harvest
S.0. 32.2 26.3 28.7
1.F. 25.8 23.7 24,2
N.F. 29.1 Lo.4 Ly

[t has already been noted (Halliday, 1948, see section 4.4 3)
that high grain to vegetative matter ratios are consistent with low
levels of nitrogen availability in barley so the sharp rise in percentage
dry weight shown by the N.F. treatment in 1972 supports the view that
these plants were suffering from nitrogen deficiency.

This was not the case in 1971 and this leads to the conclusion
that there were considerable residual level of fertilizer materials

present from preceeding seasons. The results presented here for two
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consecutive seasons unfertilized barley growth on alluvial boulder clay

soil suggest that nitrogen deficiency starts to appear after just one

year's crop.

6.2 VARIATION OF STAND DENSITY WITH TREATMENT

Perhaps the most important single factor to emerge from the various
field trials was the difference in stand density under the three treat-
ments (S.0., I.F. and N.F.). The mean number of plants per unit over
the whole season for each site and year is given in Table 6.6(a) and a

summary of the results obtained in the greenhouse experiments in Table

6.6(b)

Table 6.6(a) - Mean number plants unit-](data from all individual harvests)
1971 1972
Site | Site 11 Site |11 Site |
s.0. 63.5 55. 1 64.3 76.5
I.F. 52.2 L3.7 51.6 68.6
N.F. 50.6 L2.8 50.1 63.7

Table 6.6(b) - Summary of greenhouse experiments

Final percentage germination (average)

Expt | Expt Il Expt 111
S.0. 97.0 ' 85.0 77.0
I.F. 95.5 74.5 54.0
N.F. 99.0 91.0 90.5

In each greenhouse experiment the N.F. treatment had the greatest
number of seedlings present and the rate of germination was also faster

than either S.0. or I.F. treatments (c.f. Figs. 5.1, 5.2 and 5.3). This
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type of effect has been noted many times in greenhouse experiments.

Rader, White and Whittaker (1942) stated that 'the germination of seeds

may be prevented or established crops may be injured by the presence of

too much soluble salt in the soil. This effect is connected with the
high concentration of the soil solution and the high osmotic pressure
that results'. White and Ross (1939) had already shown that the

addition of a wide variety of fertilizer materials to soil increaséd

the osmotic pressure of the soil solution. Magistad and Reitmeier (1947)

observed that growth reduction of several crops in soil culture was

linear with increasing osmotic pressure of the substrate.

As can be seen from Table 6.6(b) and in view of the above comments
the figures for percentage germination and emergence in the greenhouse
experiments are consistent with an osmotic effect between the presence
of fertilizer material and germination reduction.

In the field experiments (Table 6.6(a) ) it is always the S$.0.
treatment that supported the greatest number of planté per unit area
and this effect is apparent from the earliest samplings (Tables 3.5
and 4,3). If, as in the greenhouse experiments, the differences in
stand density were due to osmotic effects at the germination stage then
it would be expected that the N.F. treatment would support the greatest
stand density. In fact the stand densities were very similar in the
N.F. and |.F. treatments and uniformly lower than the S.0. values.

It is possible to explain these results in two ways:-

(a) that there was no osmotic effect upon germination and stand
density in the field trials on any treatment, but the S5.0.
treatment promotes germination and establishment of seedlings
compared to I.F. and N.F. treatments, i.e. conditions in the
greenhouse experiments were not representative of-the condit-

jons apertaining in the field experiments.
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(b)  that the difference in stand density between |.F. and S.0.
treatments was due to their effects on the osmotic pressure

of the soil solution at the time of germination and the

situation in the fie]d is analogous to that observed in the

greenhouse with regard to these two treatments only. The
potential stand density in the N.F. treatment was reduced

by some other factor, e.g. die-back due to lack of nutrients

immediately after germination.

In the greenhouse experiments the rate of seedling emergence
was always quickest on the N.F. treatment. In the field experiments
the number of seedlings present at the first harvest for both 1971 and
1972 was always proportionally lower on the N.F. treatment than the
other two treatments at this stage. This is shown in Table 6.7 where
the ratio

mean number plants unit-' (1st harvest)
" L " L (whole season)

is expressed

as a percentage for each site, treatment and year.

Table 6.7 - Ratio of mean stand density (Ist harvest) to mean stand
density (whole season) expressed as a percentage

Site and Year Treatment
s.0. 1.F. N.F.
I 1971 95.6 97.3 88.7
11 1971 96.2 108.6 91.1
iy 1971 101.1 98.3 91.6
I 1972 93.3 95.9 91.7

The N.F. values presented in Table 6.7 are seen to be lower than
either $.0. or I.F. values at all sites. |If the rate of germination
and emergence was governed purely by osmotic forces in the soil then

the opposite result would have been expected.
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In an experiment to determine the effects of side-placing urea
and other nitrogen fertilizers on spring barley, Widdowson, Penny and
Williams (1964) found an average of 255 plants per square yard on no
fertilizer treated strips, 6 weeks after sowing. At the same stage
strips receiving 0.35cwt/acre ammonium sulphate (combine drilled) had
258 plants per square yard and those receiving 0.7cwt/acre ammonium
sulphate had 295 plants per square yard. |

Unfortunaéely no information on soil moisture content is given
in this paper, but it does seem that emergence of unfertilized plants
can be slower when no fertilizer additions are present in the field.
This indicates that in the N.F. treatment field and greenhouse experi-
ments were not analogous.

The differences in germination and establishment between the S.0.
and |.F. treatments are roughly comparable between the greenhouse and
the field experiments, and the figures for rainfall and soil moisture
content mentioned in section 6.1 illustrate the point.that the Plain
of Holderness is one of the driest areas in the country. It would seem
inevitable therefore that soil moisture stresses would develop and at
the time of sowing the surface soil could be extremely dry. In fact,
farmers will only sow their crops when the soil surface is dry to avoid
soi | compaction by the heavy machinery. As demonstrated in the green-
house experiments, under conditions of low soil moisture content,
inorganic fertilizers reduce the rate of emergence to a greater extent
than a semi-organic fertilizer. The high rate of emergence on the
N.F. treatment in the greenhouse could possibly be due to higher soil
temperatures than in the field, leading to adequate nutrient uptake
from the soil.

There is no evidence from these results of a promoting effect on

germination due to the presence of the semi-organic fertilizer. Thc
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difference in the stand densities in the field and greenhouse experi-

ments between the $5.0. and I.F. treatments is most likely due to
their differing effects on the concentration of the soil solution when
soil moisture content was very low. Germination and emergence of the
grains on the N.F. treatment in the field was delayed and reduced

presumably by nutrient deficiency, a condition not repeated in the

greenhouse.

6.3 CONCLUSION

Throughout this study various aspects of the growth of barley
under three different fertilizer treatments have been discussed. In
conclusion the following general comparisons can be made between semi-
organic and inorganic fertilizers:-

(a)  On the semi-organic fertilizer a higher stand density was
produﬁed.

(b) A higher total head weight in proportion to thé total dry matter
per unit area was produced on the semi-organic fertilizer.

(c) Proportionally more of the total nitrogen absorbed was in the
heads on the semi-organic fertilizer.

(d)  On the semi-organic fertilizer proportionally less nitrogen

was absorbed early in the growth period but later in the

season the rate of absorptién was higher than from the

inorganic fertilizer.

(e) A semi-organic fertilizer was more efficient in supplying
nitrogen to the crop. This was especially so when the two
fertilizers were applied at low levels per unit area.

(f) Individual plant weight was invariably higher on the inorganic

fertilizer.
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Therefore it has become apparent that a semi-organic fertilizer

has properties which are of great economic and agricultural

importance.



APPENDICES
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APPENDIX | - Example of method used in analysis of variance computation

The method employed follows Bailey (1959)

Table 3.5 - Mean number of plants unit-] (Site 111)
"" REPLICATES TREATMENT | TREATMENT
TREATMENTS - TOTALS MEANS
1 2 3 4 5 6 7 8
[ s.0. 59 | 67 | 59| 95| 63| 72| 60| 68| 51 594 66.0
|.F. 36 51 34 38 48 L5 54 39 42 387 L3.0
N.F. 60 | 64 | 49 | 55 47 | 29 | 60 55 28 447 49.7
REPLICATE -
TOTALS 155 182 142 188 158 146 174 162 121 1428
The basic calculations are:-
Total number of observations = 27 2
Grand Total, G = 1428. Correction Factor, C = E7 = 75525.3

Total sums of squares about the mean

Sum of square for treatments =

Sum of squares for replicates

\O| —

1

(59)% + (67)

2

.+ (28)% - ¢ = 5536.7
2 2 2
(594)° + (387)° + (447)° - ¢ = 2520.7

=3 (155)2 + (182)2 ... +(121)2 -C=1174.0

The resultant analysis of variance table can now be cémpleted as follows:-

SOURCE OF | DEGREES OF | SUM OF VARIANCE
VARIATION | FREEDOM squares | MEAN SQUARE | “eatio
TOTAL 26 5536.7
TREATMENTS 2 2520.7 1260. 34 10.95
REPLICATES 11740 14675 1.28
ERROR 16 1842.0. 115.12

Standard error of the mean = 2 x 115.12 = 5.28

9

Least significant difference (L.S.D.)

L.S.D. 0.05

L'S°D'0.0]

2.12 x 5.28

2.92 x 5.28

= %(0.05) or (0.01
10.73
14.80

) x 5.28
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The variance ratio (F) P = 0.05 with 2 and 16 degrees of freedom

is read from tables as F216 = 3.63

The variance ratio (F) P = 0.05 with 8 and 16 degrees of freedom

is read from tables as F8]6 = 2.59

From the analysis of variance table presented we find that F
treatments

= 10.95 which exceeds 3.63 and the effect of treatments is significant

P 0.05

F . = 1.28 which is less than 2.59 and therefore the effect
replicates

of replication is not significant.

In Appendix |l the level of significance of the variance ratio (F) is

shown as follows:-

N.S. = Not significant

%

= Significant P = 0.05

%
%

0.01

= Significant P

*
e
b1

= Significant P 0.01
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APPENDIX Il = Analysis of variance data for tables in text

Chapter 11

2.2a Mean total dry weight sample-‘ - Little Humber

et of Vortation 6.t geon squere | Voritnce _Level of
Total 8

Treatments 2 1856 .41 22 .48 %%
Blocks 2 518.83 6.27 N.S.
Error L 82.59

2.2b Mean Total Number of Heads Sample_] - Little Humber

Source of Variation d.f. Mean Square Vagéi?ge Siéi??:czgce
Total 8

Treatments 2 2567.11 16.50

Blocks 2 227.11 1.46 N.S.
Error L 155.61

2.2c Mean Total Dry Weight of Heads Sample-] - Little Humber

. . Variance Level of
Source of Variation d.f. Mean Square Ratio Significance
Total 8
Treatments 2 L61.00 14.47 *
Blocks 2 80.47 2.53 N.S.
Error 4 31.85

2.2d Mean Total Number of Tillers Sample-] - Little Humber

Source of Variation d.f. Mean Square Va;éi?ge Si;iri:czgce
Total 8 .

Treatments 2 4800.5 14.9 %
Blocks 2 864.8 2.7 N.S.
Error 4 321.9

2.2e Mean Dry Weight Plant-' - Little Humber

Source of Variation d.f. Mean Square Vaggi?ge Siéi??:czice
Total 8

Treatments 2 2.97 10.61 *
Blocks 2 0.83 2.96 N.S.

0 28

!
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2.3a Mean Total Dry Weight of SamEJe-] - Everingham

Source of Variation d.f. Mean Square ME%%%$%S
Total 11

Treatments 2 43953.82 33.80
Blocks 3 6759.24 5.20
Error 6 1300.27

2.3b Mean Total Number of Plants Sample-] - Everingham

Source of Variation d.f. Mean Square !Egé%?gg
Total 11

Treatments 2 23083.59 33.84
Blocks 3 5382.97 7.89
Error 6

2.3c Mean Total Number of Heads Sample—] - Everingham

Source of Variation d.f. Mean Square !3%%%?59
Total 11

Treatments 2 54284, 25 24 .26
Blocks 3 11049.56 I 9k
Error 6

2.3d Mean Total Dry Weight of Heads Samgle-] - Everingham

Level of
Significance

Level of
Significance

bl

Level of
Significance

Source of Variation d.f. Mean Square !E%%%%%S
Total 1

Treatments 2 9257.67 33.81
Blocks 3 1424 .74 5.20
Error 6 273.87

2,3e Mean Dry Weight Plant”! - Everingham

Source of Variation d.f. Mean Square Yi%é%?%i
Total 11

Treatments 2 0.27 6.75
Blocks 3 0.02 0.50
Error 6 0.04 '

*

b

Level of
Significance

Level of
Significance

N.S.
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CHAPTER |11

3,1 Mean Total Dry Weight Unit—]

Site | - Aldborough
Harvest Source of Variation d.f. Mean Square Varia?ce Level of
: Ratio  Significance

8 weeks Total 26
Treatments 2 372.0 9.7
Replicates 8 103.4 2.9
Error 16 38.3

16 weeks Total 26
Treatments 2 5314.0 L.o11 %
Replicates 8 1054.0 0.82 N.S.
Error 16 1293.0

2] weeks Total 26
Treatments 2 3590 5.60 %
Replicates 8 582.4 0.91 N.S.
Error 16 641.2

Site Il - Wharram-le-Street

8 weeks Total 17
Treatments 2 278.80 - 10.62 %%
Replicates 5 8.62 0.16 N.S.
Error 10 54 49

16 weeks Total 17
Treatments 2 1569.0 3.07 N.S.
Replicates 5 489.9 0.96 N.S
Error 10 511.0

21 weeks Total 17 .
Treatments 2 2705.0 26.4 xkk
Replicates 5 195.1 1.9 N.S.

Error 10 102.7
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3.1 Contd.
Harvest Source of Variation d.f. Mean Square YELLHﬁZE _Eflfl_gi
Ratio  Significance

site |1l = Wharram-le-Street

8 weeks Total _ 26
Treatments 2 607.6 7.62 RS
Replicates 8 53.1 0.67 N.S.
Error 16 79.7

16 weeks  Total 26
Treatments 2 kgoo.o 11.15 *k
Replicates 8 390.8 1.09 N.S.
Error 16 358.6

21 weeks Total 26
Treatments 2 6008.0 7.82 ok
Replicates 8 2052.0 2.67 N.S.

Error 16 768.2
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3.2 Mean Dry Weight Plant_]

Site | - Aldborough
Harvest Source of Variation d.f. Mean Square Varia?ce Level of
Ratio Significance

8 weeks Total 26
Treatments 2 0.058 5.95 5
Replicates 8 0.022 2.22 N.S.
Error 16 0.010

16 weeks Total 26
Treatments 2 1.19 5.07 %
Replicates 8 0.11 0,48 N.S.
Error 16 0.24

21 weeks Total 26
Treatments 2 0.24 1.38 N.S.
Replicates 8 0.06 0.34 N.S.
Error 16 0.18

Site Il - Wharram-le-Street

8 weeks Total 17
Treatments 2 0.085 3.84 N.S
Replicates 5 0.009 " 0.44 N.S
Error 10 0.022

16 weeks Total 17
Treatments 2 0.45 2.16 N.S.
Replicates 5 0.18 0.91 N.S.
Error 10 0.21

21 weeks Total 17
Treatments 2 1.39 21.00 Sk
Replicates 5 1.16 2.37 N.S.

Error 10 0.07
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3.2 Contd.
Harvest Source of Variation d.f. Mean Square YEﬁiéQEE Level of
Ratio Significance

Site Il - Wharram-le~Street

8 weeks Total 26 .
Treatments 2 0.103 7.98 s
Replicates 8 0.018 1.36 N.S.
Error 16 0.012

16 weeks Total 26
Treatments 2 0669 9.149 K%
Replicates 8 0.031 0.4k N.S.
Error 16 0.071

21 weeks Total 26
Treatments 2 0.508 2.63 N.S.
Replicates 8 0.295 1.53 N.S.

Error 16 0.193
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3.3 Mean Total Dry Weight of Heads Unit-]

Site | - Aldborough
Harvest Source of Variation d.f. Mean Square Variance Level of
Ratio Significance

16 weeks  Total 26
Treatments 2 1234 .0 4.9 o
Replicates 8 276.6 1.1 N.S.
Error 16 247.6

21 weeks Total 26
Treatments 2 2119.0 25.3 sk
Replicates 8 101.9 1.2 N.S.
Error 16 83.8

Site Il - Wharram-le-Street

16 weeks  Total 17
Treatments 2 286.3 2.46 N.S.
Replicates 5 161.1 1.38 N.S.
Error 10 116.5

21 weeks Total 17
Treatments 2 594.9
Replicates 5 39.26 11.11 ok
Error 10 53.54 . 0.73 N.S.

Site 11}l - Wharram=-le-Street

16 weeks Total 26
Treatments 2 669.99 12.57 Wk
Replicates 8 92.02 1.75 N.S.
Error 16 53.30

21 weeks Total 26 .
Treatments 2 966. 1 11.20 “
Replicates 8 272.6 3.16 %

Error 16 86.3



-109-

3.4 Mean Dry Weight Head

Site | - Aldborough
Harvest Source of Variation d.f. Mean Square Variance = Llevel of
Ratio  Significance

16 weeks Total 26
Treatment . 2 0.001 0.16 N.S.
Replicate 8 0.003 0.48 N.S.
Error 16 0.006

21 weeks Total 26
Treatment 2 0.05 10.6 %%
Replicate 8 0.003 0.53 N.S.
Error 16 0.005

Site Il - Wharram-le-Street

16 weeks Total 17
Treatments 2 0.0004 0.06 N.S.
Replicate 5 0.0003 0.50 N.S.
Error 10 0.006

21 weeks Total 17
Treatments 2 0.0022 0.24 N.S.
Replicates 5 0.0017 0.19 N.S.
Error 10 0.0092

Site Il - Wharram-le-Street

16 weeks Total 26
Treatment 2 0.006 L. ok *
Replicate 8 0.003 1.68 N.S.
Error 16 0.002

2] weeks Total 26
Treatments 2 0.0027 1.96 N;S.
Replicate 8 0.0064 L.65 =

Error 16 0.0014
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3.5 Mean Number of Plants Unit—]

Site | - Aldborough
Harvest Source of Variation d.f. Mean Square ~M§LLEQES .EEX?] of
Ratio Significance

8 weeks Total 26
Treatments ) 2 598.1 7.38 foke
Replicates 8 133.4 1.65 N.S.
Error 16 81.1

16 weeks  Total 26
Treatments 2 L38.8 416 %
Replicates 8 193.4 1.70 N.S.
Error 16 116 .2

21 weeks Total 26
Treatments 2 L06.8 4. 67 *
Replicates 8 64.8 0.75 N.S.
Error 16 87.0

Site Il - Wharram-le-Street

8 weeks Total 17
Treatments 2 298.5 3.56 N.S.
Replicates 5 Ly 8 0.53 N.S.
Error 10 84.0

16 weeks Total 17
Treatments 2 533.4 3.10 N.S.
Replicates 5 152.9 0.90 N.S.
Error 10 172.1

21 weeks Total 17 N
Treatments 2 292.1 9.43 wode
Replicates 5 34.7 1.12 N.S
Error 10 30.9

Site Ill - Wharram-le-Street

8 weeks Total 26 .
Treatments 2 879.15 10. 4h £
Replicates 8 138.23 1.64 N.S.
Error 16 84.23

16 weeks Total ‘ 26
Treatments 2 139.6 1.18 N.S.
Replicates 8 101.9 0.90 N.S.
Error 16 118.1

21 weeks Total 26
Treatments 2 1260.3 10.95 i
Replicates 8 146.7 1.28 N.S.

Error 16 5.1
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3.7 Mean Number of Heads Unit !

Site | - Aldborough
Harvest Source of Variation d.f. Mean Square Variapce Level of
Ratio Significance

16 weeks Total 26
Treatments 2 34571.0 5.76 %
Replicates 8 633.7 .06 NS
Error 16

21 weeks Total 26
Treatments 2 1748 14,43 RO
Replicates 8 215.8 1.78 N.S.
Error 16 121.2

Site Il - Wharram-le-Street

16 weeks Total 17
Treatments 2 704 .2 2.81 N.S
Replicates 5 256.5 1.02 N.S
Error 10 251.0

21 weeks Total 17
Treatments 2 917.4 13.63 oEd
Replicates 5 1221 1.81 N.S.
Error 10 67.3

Site 11l - Wharram-le-Street

16 weeks Total 26 g
Treatments 2 1564.0 10.05 w=
Replicates 8 196.0 1.26 N.S.
Error 16 155.7

21 weeks  Total 26 L
Treatments 2 1970.0 11.66 ks
Replicates 8 254 .6 b5l N.S.

Error 16 168.9



3.8 - Total Nitrogen Uptake Unit |
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gite | - Aldborough

Harvest Source of Variation d. Mean Square

8 weeks Total 26 ¢
Treatments 2 0.5028x10
Replicates 8 0.]06lx102
Error 16 0.4863x10

21 weeks Total 26 6
Treatments 2 0.5060x10S
Replicates 8 0.3393x106
Error 16 0.1066x10

Site Il - Wharram-le-Street

8 weeks Total 17
Treatments 2 105700
Replicates 5 4582
Error 10 25220

21 weeks Total 17 6
Treatments 2 0.238 x 10
Replicates 5 0.116 x 10
Error 10 0.140 x 10

Site Il - Wharram-le-Street

8 weeks Total 26 6
Treatments 2 0.3005x10
Replicates 8 0.3086x105
Error 16 0.5466x10

21 weeks Total 26 6
Treatments 2 0.4707x10
Replicates 8 0.|Ol9x]05
Error 16 0.3983x10

Variance Level of
Ratio  Significance
10.34

2.18 N.S.
L. 75 *

0.32 N.S.
419 %

0.20 N.S.
]6.98 sk
0.83 N.S.
0.56 N.S.
11.82 ¥

2.56 N.S.
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3,9 - Nitrogen Uptake Plant-]

Site | - Aldborough

Harvest Source of Variation d.f. Mean Square Variance Level of
Ratio Significance

8 weeks Total 26
Treatments 2 101.20 7.67 S
Replicates 8 18.11 1.37 N.S.
Error 16 13.18

21 weeks Total 26
Treatments 2 32.8 1.35 N.S
Replicates 8 L. 12 0.17 N.S
Error 16 24,29

Site Il - Wharram-le-Street

8 weeks Total 17
Treatments 2 L.64 0.L46 N.S.
Replicates 5 3.97 0.40 N.S.
Error 10 9.90

21 weeks Total 17
Treatments 2 104 .34 34.69
Replicates 5 10.37 3.45
Error 10 3.01

Site Il - Wharram-le-Street

8 weeks Total 26 -
Treatments 2 71.66 7.43 ’f’
Replicates 8 9.28 0.96 N.S.
Error 16 9.6’-}

21 weeks Total 26
Treatments 2 38.23 5.45 *
Replicates 8 16.95 2.42

Error 16 7.01
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3.10 - Total Nitrogen Uptake in Heads Unit-]

Source of Variation d.f. Mean Square
Site | - Aldborough
Total - 26 6
Treatments 2 0.5456x10
Replicates 8 0.2536x10
Error 16
Site Il -~ Wharram-le-Street
Total 17 6
Treatments 2 0.114x10
Replicates 5 8534.0 5
Error 10 0.144x10
Site Ill - Wharram-le-Street
Total 26 6
Treatments 2 0.1757x10
Replicates 8 0.478L4x10
Error 16 0.1699x10
3.11 - Nitrogen Uptake Head_]
Site | - Aldborough
Total 26
Treatments 2 13.55
Replicates 8 0.84
Error 16 1.57
Site Il - Wharram-le-Street
Total 17
Treatments 2 0.72
Replicates ' 5 0.48
Error 10 2.28
Site 11! - Wharram-le-Street
Total 26
Treatments 2 0-53
Replicates 8 1.0
Error 16 0.35

2] Week Harvest

Variance Level of
Ratio Significance
20.62 %k

0.96 N.S.
7.94
0.60 N.S
10.34
2.82

21 Week Harvest

8.63

0.54 N.S
0.32 N.S.
0.21 N.S.
1.43 N.S.
2‘97 %
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3.12 - Total Nitrogen Content of Vegetative Parts

21 Week Harvest

Site | - Aldborough
Vari Level of
Source of Variation d.f.. Mean Square —E%é%Q%S Significance

Total 26 .
Treatments 2 34990 1.30 N.S.
Replicates 8 26040 0.96 N.S.
Error 16

Site Il - Wharram-le-Street
Total ‘ 17 5
Treatments 2 0.5299x10 5.32 %
Replicates 5 6277 0.63 N.S.
Error 10 9967

Site Il - Wharram~le-Street
Total 26 5
Treatments 2 0.7333x105 5.25
Replicates 8 0.3210x105 2.30 N.S

Error 16 0.1397x10
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CHAPTER 1V

4,1 - Mean Total Dry Weight Unit-]

Variance Level of

Harvest  Source of Variation d.f. Mean Square Ratio  Significance

5 weeks Total 26
Treatments 2 16.18 21.69 Bk
Replicates 8 0.73 1.0 N.S.
Error 16 0.75

11 weeks Total 26
Treatments 2 6897.0 46 .54 Kk
Replicates 8 226.6 1.53 N.S.
Error 16 148.2

17 weeks Total 26
Treatments 2 O.BMIthOS 59.52 wdek
Replicates 8 1085.0 1.89 N.S.
Error 16 573.6

19 weeks Total 26 ‘ 5

Treatments 2 0.236L4x10 L6 .5 Kk
Replicates 8 520.6 1.02 N.S.

Error 16 508.3
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4.2 - Mean Dry Weight Plant—]

£ Variance Level of

Harvest  Source of Variation d. Mean Square - e
Ratio Significance

5 weeks Total 26
Treatments 2 0.0022 22.08 ok
Replicates 8 0.0001 1.00 N.S.
Error 16 0.0001

11 weeks Total 26
Treatments 2 0.880 31.43 lk
Replicates 8 0.044 1.57 N.S.
Error 16 0.028

17 weeks Total 26
Treatments 2 4 .92 4.5 Fdek
Replicates 8 0.20 1.61 N.S.
Error 16 0.12

19 weeks Total 26
Treatments 2 4 45 37.33 fk
Replicates 8 0.18 1.47 N.S.
Error 16 0.12

4,3 - Mean Number of Plants Unit-]

5 weeks Total 26
Treatments 2 381.4 2.4 N.S
Replicates 8 102.4 0.65 N.S
Error 16 156.7

11 weeks Total 26
Treatments 2 661.1 12.49 %k
Replicates 8 75.5 1.5 N.S.
Error 16 52.9

17 weeks Total ' 26
Treatments 2 2.6 6.42 X
Replicates 8 78.9 1.23 N.S.
Error 16 64.7

19 weeks Total 26

Treatments 2 226.7 %k
Replicates 8 37.9 1.73 N.S.
Error - 16 21.9
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L. 4 - Mean Number of Heads Unit-]

Harvest Source of Variation d.f. Mean Square Variaqce .Leye} of
: Ratio Significance

17 weeks Total 26
Treatments 2 6920.0 53.23 Ffek
Replicates 8 266.1 2.05 N.S.
Error 16 130.0

19 weeks Total 26
Treatments 2 5662.0 71.25 Kk
Replicates 8 119.6 1.51 N.S.
Error 16 79.47

L. 5 - Mean Total Dry Weight of Heads Unit_l

17 weeks Total 26
Treatments 2 Li19.0 L5 .53 Fkk
Replicates 8 263.6 2.72 N.S.
Error 16 97.1

19 weeks Total 26

: Treatments 2 4146.0 55.1 wdek
Replicates 8 1.7 1.5 N.S.
Error 16 75.3

L.6 - Mean Dry Weight Head !

17 weeks Total 26
Treatments 2 0.0256 14. 20 %k
Replicates 8 0.0049 2.70 ?
Error 16 0.0018

19 weeks Total ‘ 26
Treatments 2 0.0301 6.86 *
Replicates 8 0.0029 0.66 N.S.
Error 16 0.0044
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L.7 - Mean Total Nitrogen Uptake Unit_l

Harvest Source of Variation d.f. Mean Square Variance = Level of
Ratio Significance

5 weeks Total 26 5
Treatments 2 0.5256x10 26.03 K
Replicates 8 3457 1.7 N.S.
Error 16 2019

11 weeks Total 26 7
Treatments 2 0.2227)(]05 31.16 Sk
Replicates 8 0.3268x105 0.46 N.S.
Error 16 0.7148x10

17 weeks Total 26 7
Treatments 2 0. ]738)(]05 6&58 P
Replicates 8 0.6926x10 2.57 N.S.
Error 16 0.2692x10

19 weeks Total 26 7
Treatments 2 0.]68L}x105 39.11 s
Replicates 8 0.5777x105 1.34 N.S.
Error 16 0.4305x10

4,8 - Mean Nitrogen Uptake Plant !

5 weeks Total 26
Treatments 2 9.51 . 24.09 il
Replicates 8 0.55 1.39 N.S.
Error 16 0.39

11 weeks Total 26
Treatments 2 320.2 19.86 ok
Replicates 8 2.72 0.20 N.S.
Error 16 16.12

17 weeks Total 26

' Treatments 2 239.L46 42 .08 %k
Replicates 8 9.10 1.60 N.S.
Error 16 5.69

19 weeks Total 26
Treatments 2 276.31 28.66 xdk
Replicates 8 14.35 1.49 N.S.

Error 16 9.64



4,9 - Mean Total Nitrogen Uptake in Heads Unit

-120-~

]

Harvest Source of Variation .f. Mean Square

17 weeks Total 26 6
Treatments 2 0.7259xI10
Replicates 8 0.%823x102
Error 16 0.1785x10

19 weeks Total 26 6
Treatments 2 0.92]7x10S
Replicates 8 0.33O7x105
Error 16 0.2149x10

L,10 - Mean Nitrogen Uptake Head_]

17 weeks Total 26
Treatments 2 6.02
Replicates 8 1.33
Error 16 0.94

19 weeks Total 26
Treatments 2 12.42
Replicates 8 0.96
Error 16 1.04

4,11 - Mean Total Nitrogen Uptake in Vegetative Parts

17 weeks

19 weeks

Total
Treatments
Replicates
Error

Total
Treatments
Replicates
Error

26
2
8

16

26
2
8

16

0.2638x106
0.1191x10
7783.0

0.1922c|06

5373.9
7127.6

-1
L.12 - Mean Nitrogen Uptake Vegetative Shoot

17 weeks

19 weeks

Total '
Treatments
Replicates
Error

Total
Treatments
Replicates
Error

26
2
8

16

26
2
8

16

36.02
2.4
1.94

33.79
1.31
1.65

Variance Level of
Ratio Significance
40 .67

2.70
Lo . 89 s
1.54 N.S.
6.1_40 PE
1.42 N.S.
11.94 %
0.93 N.S.
33.89 kX
1.53 N.S.
26.96 T
0.75 N.S.
]8.5[‘ S
1.24 N.S.
20.48 ik
0.79 N.S.



BIBLIOGRAPHY



-121-

ALEKSIC, Z., BROESHART, H. and MIDDLEBOE, V., 1968. The effect of

nitrogen fertilization on the release of soil nitrogen.
Plant and Soil, 29 (3), 474-478.

ALLISON, F.E., 1955. The enigma of soil nitrogen balance sheets.
Advances in Agronomy, 7, 213-250.

ALLISON, F.E., 1965. Evaluation of incoming and outgoing processes
that affect soil nitrogen.

In:- Soil Nitrogen. Agronomy, 10, 573-606
eds; Bartholomew and Clark.

ALLISON, F.E., 1966. The fate of nitrogen applied to soils.
Advances in Agronomy, 18, 219-258,

ALLISON, F.E., 1973. Developments in soil science 3: Soil organic
matter and its role in crop production. Elesevier S.P.C.

ASPINALL, D., 1961. The control of tillering in the barley plant I.
The pattern of tillering and its relation to nutrient
supply. Australian Journal of Biological Science, 14,

493-505.

BAILEY, N.T.J., 1959. Statistical methods in Biology. English
Universities Press Ltd.

BERRYMAN, C., 1971. Residual effects of nitrogen in continuous btarley.
Tech. Bull. Min. Ag. Fish & Fd. London, 20, 179-182.

BRAGE, B.L., ZICH, W.R. and FINE, L.0., 1960. The germination of small
grain and corn as influenced by urea and other
nitrogenous fertilizers. Soil Sci. Soc. Am. Proc., 24,

294-296.

BRAY, R.H., 1954, A nutrient mobility concept of soil-plant relation-
ships. Soil Science, 78, 9-22.

CARTER, 0.G., 1967. The effect of chemical fertilizers on seedling
establishment. Aust. J. Expt. Agric. and An. Husb., 7/,
174-180.

CHAPIN, J.S. and SMITH, F.W., 1960. Germination of wheat at various
levels of soil moisture as affected by applications of
ammonium nitrate and muriate of potash. Soil Science,

8a, 322-327..

CLEMENT, C.R., 1971. Residual effects of nitrogen and potassium
applied to grass. Tech. Bull. Min. Ag. Fish & Fd.
London, 20, 283-295.

COMMONER, B., 1968. Threats to the integrity of the nitrogen cycle.
Nitrogen compounds in soil water, atmosphere and
precipitation. In:- Global Effects of Environmental

Pollution, ed. Singer (1968).

COOKE, G.W., 1964. Nitrogen fertilizers. Proc. Fert. Soc., 80, 2-88.



-122-

DASBERG, S. and MENDFL, Koy 1971, The effect of soil water and
aeration on seed germination. J. Exptl. Bot., 22,

992-998.

GALLAGHER, J.N. ,:BI?COE, Fﬁ\f., and SCOTT R.K. 1
and its environment. v. apops 275,

T Barle
Stablllty of grainy
-, 12, 319-336,

GORING, C.A.l., 1962a. Control of nitrification by 2-chloro-6
(Trichloromethyl) pyridine. Soil Science, 93, 211-218.

GORING, C.A.l., 1962b. Control of nitrification by 2-chloro-6
(Trichloromethyl) pyridine. Soil Science, 93, 431-439.

GREGORY, F.G., 1952. The control of growth and reproduction by
external factors. Rpt. 13th Intern. Hort. Cong., 1,
96-105.

HADAS, A., 1970. Factors affecting seed germination under soil
moisture stress. Israel J. Agric. Res. 20, 3-1hk,

HALLIDAY, D.J., 1948. Nitrogen for Cereals. Jealots Hill Res. Sta.
Bull. 6.

HANWAY, J.J., 1962a. Corn growth and composition in relation to soil
‘ fertility: |I. Growth of different plant parts and
relation between leaf weight and grain yield.
Agron. J., 54, 145-148,

HANWAY, J.J., 1962b. Corn growth and composition in relation to soil
fertility: Il. Uptake of N, P and K and their distribu-
tion in different plant parts during the growing season.
Agron. J., 54, 217-222.

HARMSEN, G.W., and VAN SCHREVEN, D.A., 1955. Mineralization of
organic nitrogen in soil. Advances in Agronomy, 7,

300-398.

HOLLIDAY, R., 1960. Plant population and crop yield. Part |. Fld.
Crops Abst., 13, 159-167.

HUMPHRIES, E.C., 1956. Detection and estimation of the major elements
In:- Modern Methods of Plant Analysis; eds. Peach and

Tracey. Vol. |, 479-481.

HUNTER, J.R., and ERICKSON, A.E., 1952. Relation of seed germination
to soil moisture tension. Agron. J., 44, 107-109.

JENNY, H., 1930. A study on the influence of climate upon the qitrogen
and organic matter content of the soil. Missouri Agr.

Expt. Sta. Res. Bull., 152.

KAKIZAKI, Y., and SUZUKI, S., 1937. Studies on the physiology of earing
in wheat. J. Imp. Agric. Expt. Stn., 3, 41-92.



-123-

KIRBY, E.J.M., 1969. Plant density and yield in cereals. HN.A.A.S
Quart. Rev., 80, 139-145, '

KIRBY, E.J.M., 1969a. The effect of sowing date and plant density on
barley. Ann. App. Biol., 63, 513-521,

KIRBY, E.J.M., 1969b. The effects of daylength upon the deve lopment
and growth of wheat, barley and oats. FId. Crops
Abst., 22, 1-7.

KNOWLES, F. and WATKIN, J.E., 1931. The assimilation and translocation
of plant nutrients in wheat during growth. J. Agric.
Sci., 21, 612-637,

LANGER, R.H.M., 1966. Mineral nutrition of grasses and cereals.
In:- The growth of grasses and cereals; eds. Milthorpe
and lvins. Butterworths, London, 213-226.

LEWIS, A.H. and STRICKLAND, J., 1944, The placement of fertilizers
(ii) Cereals. J. Agric. Sci., 34, 73-75.

M.A.F.F., 1972. M.A.F.F. & A.D.A.S. 'closed' conference of advisory
soil scientists, fertilizer and lime committee.
SS/FLC/104.

MAGISTAD, 0.C. and REITMEIER, R.F., 1943, Soil solution concentrations
at the wilting point and their correlation with plant
growth. Soil Science, 55, 351-360.

MARTIN, A.E., and SKYRING, G.W., 1962. Losses of nitrogen from the
soil/plant system. Commonw. Bur. Pastures, Field
Crops Bull., 46, 19-34,

MASON, M.G., 1971. Effects of urea, ammonium nitrate and superphos-
phate on establishment of cereals, linseed and rape.
Aust. J. Expt. Agric. and An. Husb., 11, 662-669.

MORGAN, M.F. and STREET, 0.E., 1939. Seasonal water and nitrate
leachings in relation to soil and source of fertilizer

nitrogen. Conn. Agr. Expt. Sta. Bull., 429.

OLSON, R.A. and DREIER, A.F., 1956. Fertilizer placement for small
grains in relation to crop stand and nutrient efficiency

in Nebraska. Soil Sci. Soc. Am. Broc., 20, 19-24.

PARR, J.F., 1967. Biochemical considerations for increasing the
efficiency of nitrogen fertilizers. Soils Fert., 30,

207-213.

PATRICK, W.H. Jnr., PETERSON, F.J. and TURNER, F.T., 1968. Nitrificat-
ion inhibitors for lowland rice. Soil Science, 105(2),

103-105.

PATTERSON, H.D. and WATSON, D.J., 1960.- Rep. Rothamsted Expt. Sta.
for 1959, 164-168.



-124-

PRASAD, R., 1966: Slow acting nitrogenous fertilizers and nitrifica-
tion inhibitors. Fert. News (lIndia), 11(2), 27-32.

PRASAD, R. and TURKHEDE, B.B., 1971. In:- Prasad, R., Rajale, G.B.
and Lakhdive, B.A. Nitrification retarders and s low
release nitrogen fertilizers. Advances in Agronomy ,

23’ 337-383.

PUCKERIDGE, D.W. and DONALD, C.M., 1967. Competition among wheat

plants sown at a wide range of densities. Aust. J.
Agric. Res., 18, 193-211.

RADER, L.F., WHITE, L.M. and WHITTAKER, C.W., 1943. Salt index per

unit of plant nutrients supplied for representative
materials. Soil Science, 55, 201-218.

REITMEIER, R.F., 1946. Effect of moisture content on the dissolved
and exchangeable ions of soils of arid regions.
Soil Science, 61, 195-214,

RUSSELL, E.J., 1939. Fertilizers in Modern Agriculture. Ministry of
Agriculture, H.M.S.0., Bull. 28, 16-20.

SAYRE, J.D., 1948. Mineral accumulation in corn. Plant Phys., 23,
267-281.

SCARSBROOK, C.E., 1965. Nitrogen Availability. In:- Soil Nitrogen.
Agronomy, 10, 481-502. eds. Bartholomew and Clark.

SWEZEY, A.W. and TURNER, G.0., 1962. Crop experiments on the effect
of 2-chloro-6-(Trichloromethyl) Pyridine for the control
of nitrification of ammonium and urea fertilizers.

Agron. J., 54, 532-535.

THORNE, G.N., 1962. Effect of applying nitrogen to cereals in the
spring or at ear emergence. J. Agric. Sci., 58, 89-96.

THORNE, G.N., 1965. Photosynthesis of ears and flag leaves of wheat
and barley. Ann. Bot. Lond., 29, 317-329.

UHVITS, R., 1946. Effect of osmotic pressure on water absorption and
germination of Alfalfa seeds. Am. J. Bot., 33, 278-285,

VJETS, F.G. Jnr., 1960. Recovery of fertilizer nitrogen on irrigated
and dryland soils of the Western States. Trans. 7th
Inter. Cong. Soil Sci., 2, 486-493.

WATSON, D.J., THORNE, G.N. and FRENCH, S.A.W., 1958. Physiological
causes of differences in grain yield between varieties
of barley. Ann. Bot., n.j. 22, 321-352.

WHITE, L.M. and ROSS, W.H., 1939. Effect of various grades of fertil-
izer on the salt content of the soil solution. Jour.

Agr. Res., 59, 81-99.

WIDDOWSON, F.V., PENNY, A and WILLIAMS, R.J.B. Side placing urea
and other nitrogen fertilizers for spring barley.

J. Agric. Sci., 62, 73-79.



-]25_

WIDDOWSON, F.V., PENNY, A., WILLIAMS, R.J.B. and COOKE, G.W., 1959.
The value of calcium nitrate for spring sown cereals.
J. Agric. Sci., 52, 200-205.



	356591_3565910000
	356591_3565910001
	356591_3565910002
	356591_3565910003
	356591_3565910004
	356591_3565910005
	356591_3565910006
	356591_3565910007
	356591_3565910008
	356591_3565910009
	356591_3565910010
	356591_3565910011
	356591_3565910012
	356591_3565910013
	356591_3565910014
	356591_3565910015
	356591_3565910016
	356591_3565910017
	356591_3565910018
	356591_3565910019
	356591_3565910020
	356591_3565910021
	356591_3565910022
	356591_3565910023
	356591_3565910024
	356591_3565910025
	356591_3565910026
	356591_3565910027
	356591_3565910028
	356591_3565910029
	356591_3565910030
	356591_3565910031
	356591_3565910032
	356591_3565910033
	356591_3565910034
	356591_3565910035
	356591_3565910036
	356591_3565910037
	356591_3565910038
	356591_3565910039
	356591_3565910040
	356591_3565910041
	356591_3565910042
	356591_3565910043
	356591_3565910044
	356591_3565910045
	356591_3565910046
	356591_3565910047
	356591_3565910048
	356591_3565910049
	356591_3565910050
	356591_3565910051
	356591_3565910052
	356591_3565910053
	356591_3565910054
	356591_3565910055
	356591_3565910056
	356591_3565910057
	356591_3565910058
	356591_3565910059
	356591_3565910060
	356591_3565910061
	356591_3565910062
	356591_3565910063
	356591_3565910064
	356591_3565910065
	356591_3565910066
	356591_3565910067
	356591_3565910068
	356591_3565910069
	356591_3565910070
	356591_3565910071
	356591_3565910072
	356591_3565910073
	356591_3565910074
	356591_3565910075
	356591_3565910076
	356591_3565910077
	356591_3565910078
	356591_3565910079
	356591_3565910080
	356591_3565910081
	356591_3565910082
	356591_3565910083
	356591_3565910084
	356591_3565910085
	356591_3565910086
	356591_3565910087
	356591_3565910088
	356591_3565910089
	356591_3565910090
	356591_3565910091
	356591_3565910092
	356591_3565910093
	356591_3565910094
	356591_3565910095
	356591_3565910096
	356591_3565910097
	356591_3565910098
	356591_3565910099
	356591_3565910100
	356591_3565910101
	356591_3565910102
	356591_3565910103
	356591_3565910104
	356591_3565910105
	356591_3565910106
	356591_3565910107
	356591_3565910108
	356591_3565910109
	356591_3565910110
	356591_3565910111
	356591_3565910112
	356591_3565910113
	356591_3565910114
	356591_3565910115
	356591_3565910116
	356591_3565910117
	356591_3565910118
	356591_3565910119
	356591_3565910120
	356591_3565910121
	356591_3565910122
	356591_3565910123
	356591_3565910124
	356591_3565910125
	356591_3565910126
	356591_3565910127
	356591_3565910128
	356591_3565910129
	356591_3565910130
	356591_3565910131

