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InTRODUCTION : THE FaACTORS AT WORK.

The aim of the present communication is to study the operation of various
environmental factors in their effects on the yield-curve of Egyptian cotton, as shown
in the existing data for analysed yield obtained by the author’s methods.

Of such factors we have especially examined the spatial one, and the sowing-date,
in Parts I and II, together with the action of a boll-destroying insect. To these
factors the present account adds more particular discussion of the effects of soil-
fertility (165, 187, 205), of soil-texture, as shown in the effects of a * hard-pan” (165,
184), of soil-depth (193), and shortage of soil-water (167, 169, 199); of the effects of
lixiviation of the upper soil by over-watering, and its converse (205); of the effects
of weather (174, etc., 185, 188), and of climate (187), the latter being shown by way
of soil temperature; of defoliation by leaf-eating insects (174), and finally, of the
effects of root-asphyxiation induced by a rise of the water-table (165-175, 191-197,
200, 204, and 207).

The data available comprise not only those collected by the author and Mr. HoLron
at Giza, from 1909 to 1913, but also the results obtained by other workers in five
other sites. It will be convenient to make a list of these at once, since the names
will recur frequently throughout the communication. Itshould be understood that
although, in most cases, some experimental treatment was being given, yet the
data represent the behaviour of a true field crop in every case cited, the general cul-
tivation of the observed plots being’ conventional.
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Data obtained at Giza, near Carro.

Terraces.—The Terrace Experiment, 1909, 1910, and 1911.
Spacing ; Sowing Date.—The Spacing and Sowing-date Experiments, 1912 and
1913.
Data obtained near Giza.

Talbio.—The Irrigation Experiment by the Survey Department at Talbia, 1912,

Data obtained in other Parts of Egypt.

Gemmdiza.—The “ Strip Experiment” on the Water-table by the Survey Depart-
ment at Gemmdiza in the Middle Delta, 1911.

Sdlaka, Mit Khaldf.—The Irrigation Experiments by the Survey Department at
Sélaka, and at Mit Khaldf, in the Middle Delta, 19183.

Neguila.—The Variety Trials conducted by Happap Bry for the author at Neguila,
in the extreme North-Western Delta, 1913.

In addition to these we shall make use of some miscellaneous data obtained by the
author at Giza and at Korashia (near Gemmdiza), during the work of propagating
pure-strain seed into bulk for distribution.

The study of these data can be confined in the main to the curves which show
the daily rate of flowering, since we have seen in the two preceding Parts that
flowering is the main determinant of yield, but in order to avoid misapprehension
we shall briefly discuss the accidental deformations of the bolling-curve from that
form which the flowering-curve would lead us to anticipate.

When studying the flowering-curve we shall deal with its three main periods,
with the existence of which we have become familiar in Parts I and II—namely, the
period of rise, followed by the period during which the curve remains horizontal at
a maximum, and the concluding period of curtailment. The ideal form is clearly
visible in curves which have been smoothed, either by taking weekly averages, or
by the more precise method of computing successive five-day means. Being thus
fawniliarised with the form of the curve under conditions of cultivation which were
as favourable as was practicable. we shall be able in the present communication to
take into account a greater variety of cultural conditions, producing various defor-
mations of the curve from this ideal form. :

But in Part II we also noted that the flowering-curve displayed remarkable and
sudden fluctuations from day to day, and that these daily fluctuations were not
accidental. In this Part we shall discuss the causes of these sudden movements,
so far as the available evidence will permit. By comparison of this evidence we
shall find definite indications that these fluctuations are not mere local manifesta-
tions, but that they are shown in varying degree simultaneously by all the cotton
plants throughout the Delta of Egypt, thus indicating that our results have some
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general significance in relation to the cotton crop of Egypt as a whole, and are not
merely isolated and particular in their interest.

To obtain such general significance it behoves us to take into careful consideration
all factors of the environment in each of our available experimental sets of data,
even though some may appear trivial, since these data have been obtained in a few
sites only, and do not of necessity represent fairly the crop of the whole country ;
the geographical position of a plot, its date of sowing, spatial allowance, dates of
irrigation, etec., may all be important, but in order to avoid encumbrance with these
details, most of them have been confined to the Appendix. Of course, the ideal
method would have been to obtain data from a number of permanent Observation
Stations, so scattered over the country as to provide a fair sample of the whole, and
preferably subjected to the ordinary cultivation and irrigation régime of the site
and season. It should also be remembered that for our present critical purpose no
data of non-analysed yield are of any use.

It might be thought that such an analysis as we propose to make would be
hampered by ¢ seasonal factors,” so it is perhaps worth while at the outset to call
the reader’s attention to the fact that there is no seasonal factor left, as such, on
the completion of our analysis. Certain peculiarities of any one season may leave an
impress on the crop; of such are a late or early flood, or a hot day in the spring, "
but these are not “ seasonal” in any vague sense.

It remains to outline the method of treatment given to the data in this present-
ment. The logical method would be to take factor by factor and discuss the opera-
tion of each one separately. Reference to the Appendix will show that such
treatment would be much too lengthy. The converse method has therefore been
adopted, by classifying the data and making a factorial analysis of them ; thus we
have dealt with the various causes which may influence the rise of the flowering-
curve by bringing together all our data on this matter, and then showing how the
date and rate of the rise have been controlled by soil-temperature, soil-fertility,
sowing-date, water supply, and so forth.

As a preliminary to this classification of the data for discussion we have made an
initial presentment of it in historical sequence and graphic form (figs. 3-7) with full
descriptive legends on the page opposite to each figure. This arrangement is the
most compact and easy of reference possible with such a mass of data, and we would
call the reader’s attention to the fact that these legends, though printed in small
type, are an essential part of this communication, and are not merely repetitions of
statements made elsewhere in the text.

DATA AVAILABLE FOR ANALYSIS.

It is not necessary to deal separately with the methods employed in procuring
the data, as they were simply variations on those described in the two preceding
Parts. It is fortunate that the flowering records were obtained daily in 1909, though
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their significance was not then fully understood, so that in the two following years
the flowers were only counted once a week. The Survey Department made flower-
counts on alternate days only. Bolling data were obtained weekly in almost every
case, and daily counts were initiated in 1913. Growth-curves for the main stem
were taken daily in the Khedivial Agricultural Society’s garden at Gezira (Cairo), in
1911, and in field crop at Giza in 1912 and 1913.

The principal data are those obtained at Giza, on two sites separated by an interval
of only 200 metres. The first of these was “ The Terraces,” described below, and
used during 1909, 1910, and 1911. The other was the land employed for the
experiments described in the two preceding Parts.

Some 2 kilom. away from the Giza sites, on the road to the Pyramids, the Survey
Department conducted the Talbia Experiment in 1912, concurrently with the
Spacing Experiment.

At various sites in the Middle Delta, only a few kilometres apart, were obtained
the data from Gemmaiza (1911), Korashia propagation plots, Salaka, and Mit
Khalaf (1913), the two last and the first also being Survey Department experiments.

Lastly we have the set of data due to the voluntary assistance of (GABRIEL
Happap Bry, in 1915, from his farm at Neguila. This site is in the extreme
north-west of the Delta, not far from the Mediterranean, in a cooler climate, on
light sandy soil, and in all respects a marked contrast to Giza. The data are
therefore particularly useful.

The Terraces at Giza merit separate descrlptwn before we proceed to examine
in detail the actual data obtained.

‘Description of the Terraces at Giza.

The design and construction of the Terraces was due to the author’s former
colleague, Mr. F. Hucnes, and the Khedivial Agricultural Society. The object of
the experiment was to ascertain whether, as the present author had reason to
believe, the autumnal rise of the water-table injured the cotton plant very seriously.
By excavating some land into a series of terraces, and growing crops on these
terraces, Mr. HucHES hoped to show that the crop on the lowest terrace would
suffer most, since its roots would be immersed and asphyxiated sooner and more
extensively than those of the crops on the higher terraces, while the uppermost
terrace would be affected last and least.

The experiment was in part a failure, since the non-analysed plot yields obtained
by Mr. HueHES were disturbed by certain extraneous causes, while the analysed data
which the author obtained from observation rows on each terrace could not be fully
interpreted at the time. This interpretation has now been made possible by
subsequent research, with most useful results, since they not only provide the
demonstration of water-table effect anticipated by Mr. HueHEs, but other information

also.
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The original Terrace site was a piece of land 42 metres long and 10 metres wide.
Past the north end of this flowed a field water-channel, usually carrying water to
adjacent land, and to the Terraces when necessary. This site was excavated to
form the Terraces at the end of 1908.

An area of 25X 10 metres at the north end was demarcated as Terrace I, its
surface-level being unaltered. The remaining portion was excavated to form three
more Terraces (II, III, and IV) in steps of 40 cm., each one forming a plot 8 X 10
metres. Terrace IV was thus the lowest, and its surface was 120 cm. below that of
Terrace I.

The treatment given to the soil should be noticed carefully. In order to provide a
good seed-bed the top % metre of soil was removed from the whole area before
excavation began. On Terrace I it was simply replaced ; in other words, this terrace
was merely hoed to a depth of % metre. On the remaining terraces it was carried
away to the side of the plot, and not replaced until 40, 80, or 120 cm. of soil had
been excavated, thus forming the arrangement shown in figs. 1 and 2. Tt is clear
that the stratum of soil at a depth of 4 metre below the finished surface in each of
the terraces must have been consolidated to some extent by the naked feet of the
labourers ; the hardness of the “pan” thus formed would have been closely similar
in IT, TII, and IV, but much less in I, where the §-metre stratum could not have
been trodden upon to the same extent. We shall see that the existence of this
“hard-pan” played an important part in modifying the form of the yield-curve.

The soil having settled in place during the winter, it was well manured for the
1909 crop. No further manure was applied, so that a soil-exhaustion effect might
be expected in 1910 and 1911. '
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Fie. 1.—The Terraces : Giza, 1909-1911. Diagrammatic view-section.

The dates of irrigation are given in the Appendix, but it should be noticed that
the first few ridges at the north end, adjacent to the irrigation channel, would tend
to obtain more water than the rest, and actually obtained water by seepage when



