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INTRCIUCTION

Probsbly more irrigation experiments have been conducted with
lucerne than with any other crop, There have been extensive tests of the
total water required for maximmm crop production, the effects of various
irrigation intervals, and ths effects of varicus lsvels of water application
per interval, However, it is not possible to generalise fram most of
the results obtained, because no sirmltanecus measurements of soil moisture
were made, For example, there is littls to be gained by irrigating
at one -, two-, or three-week intervals if ths soil can store mmple
readily available water from previous irrigetions, The data all confirm
that lucerne production is increased by yearly total water applicetions
in excess of those needed for maximum yields of most other crops,

However, little work has been done on water use by lucerne during
the intervals between cuttings, Most of the work so far done has been
concerned with the total smount of water applied, or the total amount of
water used at each cutting, i.e, the duration of studies was always more
than a month, It may be anticipated that the study of water use for
finer intervals will give a better understanding of the relation between
@op growth and water relations,

Nons of the previous irrigation experiments have takem into
consideration the smount of available water stored in the soil at the
time when irrigation was comenoced, Very littls is known about the
relation between water use, the emount of availsble water stored in the
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s0il at the beginning of the period, irrigation, and rainfall,
The field experivent carried cut wes designed to give further
information on the following questions:

(a) Is it possible to replenish the water used by lucerne by irrigation
during Adslaide summer conditions?

(b) Does lucerne make more efficient use of water under irrigated than
under natural rainfall conditions?

(c) Vhat are the impoartant factors controlling the water use under
irrigated and natursl rainfall conditions?

(d) What are the factors contralling the dry metter production under
irrigated and matural rainfall conditions?

(¢) Under irrigated conditions will lucerne be able to increase the pF
of the soil water at the lower depths; if so to what extent?

(£) Under naturel rainfall conditions, how long will lucsrns take (from
the cutset of the experiment) to inarease the pF of the scil watar at the
lower depths to permanent wilting peroentags?

(g) Wnat is the magnitude of ths differencs in soil temperature at
Yarious depths under irrigated and natural reinfall conditions?

(h) Is it possible to assess the chenges in pF of the soil water at
Ufferent depths under irrigated and metural rainfall conditions throughout
the yoar?

(1) 1Is it possible to assess the validity of water loss data calculated
£Yom Permen's equations by comparison with actual wvalues obtained?

(3) Does the growth of lucerns in the second year dspend on its
previous treatment?
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In order to provide answers to these questions, an experiment was
designed which included two main treatments:

(1) Scil moisture clways maintained as far as possible at field
Cepacity at sll dspths at all times, This will be referred to as “Irrigated®
(2) UnSer natural rainfall, This will be referred to as

"None-irrigated®,

When starting the investigations reported herein, it was decided
that valuable information could be cbtained by an intensive study of the
effects of scil maisture given ¢o plots of limited areas rather than by
less camplete studies in larger plota, The advantages of the amell plots
ares

(1) That they may be selected for unifarmity in dspth and type of soil;

(i1) That water may be more evenly applied to them than to larger areas;
end (1ii) That they permit more scourate records of dry matter production,
801 moisture oconditions and fluctuaticn,
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LITERATURE REVIEW

Since the piomeer work of Briggs and Shantz (1913a) and their
review (1913b) on the moisture relation of plants, a large mmber of pepers
desling with soil modsture - plant relationships has appeared; these have
recently been reviewed by Veihmeyer and Hendrickson (1950), by Richerds and
Wadleigh (1952), by Kelley (1954), and by Veilmeyer (1956), Only the most
important papers, and those which have appeared sinoce these extensive reviews,
will be discussed here,

Scil modsture cannot be studied by itself without reference to
other soil factors mince it affects, and is affected by, all physical,
chemical and biological proossses of the soil. However, other factors will
be mentioned only in so far as they are essential and relevant.

() Soil Molsture and Plant Growth
The movement of water takes place undsr the influence of gravity

(drainage) and under » suction gradient (capillarity). The mate of

mOovement is controlled by the size and contimdty of the pores and by such
fastors as the suction gradient and the viscosity of the water, Richards
and Wadleigh (1952) on the basis of experiments by Lewis (1937) infer that
in the molsture range in which plant growth procseds and in the sbeence
of temperature grajients, the movement of water takes places primerily in
the liquid phass, movement in the vapour phase ccmpared with this process
boing negligible, Marshall and Guxr (1954), when measuring the movement
of chlorides under isothermal conditions in soil packed in shallow cups

from which water was allowed to eveporate, ooncluded that water can move
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in the liquid phese throughout the whole range in which it is aveilsble to
plants, Russell (1550) states that water can only move through existing
water-filled passages and that it cannot move acroas or down an air specs,
Viscous resistance to flow through narrow passages increases very repidly
as they narrow and the resistance mey thua be consijersble, Baver (1956,
Pe273) sumarising various investigations, concludes that the downward
movenent of water by gravitational forces in netural soils is related to
the amount ond contimxity of non-cepillary pores (as determined by soil
structure, texture, volume changes and biological changes), to the hydration
of pores and to the resistance of eutrapped air, The effect of pore sise
distribution on s0il permesbility has been studied by several investigators
(for examples see Baver 1956, p.26k).

It can be deduoed from the various investigations of Vellmeyer
and Hendrickson (Veilmeyer 1927; Veilmeyer and Hemfricksom 1927a;
Hendriokson and Veihmeyer 1929a, 19541) that a soil oammot be partially
wetted, When a osrtain smount of water is applied to a volume of sail,
that mmount of water wets a certain depth of soil to its field ceprcity,
and downward movement or distribution below this depth prooceds only slowdy
with tize, 7o sscure further penstration more watar must be apnlisd.
The dapsh of penstration depends upon its water-holding capacity, its
relative arynsss before the water was applied and the smount of water added,
This characteristic of the scil-wetting process was pointsd out by Shants
in 1925 and an understanding of the mode of wetting of scile is clsarly

osasential to experimental work on the relation of soil moisture to



plant growth,

Thus it 1s not possible by surface applicationof water to bring
the entire volume of s0il, at all levels, to any desired moisture content
such as 10, 20 or 30 per cent. Nor is it possible to maintain scil moisture
at a thecreticsl smount such as an optimm, but only at field capacity.

As field capacity sywbolises the meximsm amount of water a well-
drained scil cen retain, and as the permsnsnt wilting percentage represents
the lowest 1imit to which malsture is reduced by growing crops, sc the range
of available water in a soil is bounied by these two limits, At one time
it was thought that both of thess can be oalaulated fram the moisture
squivalent but unfortunately this view hos besn shown to be incorrect;
hence, both mist be determined independsntly for every soil under
considsration,

The term 'field cnpacity' has been dafined by Veihmayer and
Hendrickeon (1931) as the smount of water held in ths scil after the excess
gravitationsl water has drained sway and after the rate of doward movement
of water has materially decreased, which usually takes place within two or
three days after a rainor irrigetion in pexvious scils of umiform structwre
®5d texture, However, it has also been recognised that the 'field capecity’
1 an abitrary point on the time-drainege curve (Colmen 19443 Israslson
1918; Veilmayer and Hendrickson 1931, 1949) and that the rate of drainage
frem a particulsr profile at sny time is influenced by a mmber of factors.
Same soils vihich show the phencmencn of delayed drainage, such as scme
deep uniform modsrately silty soils, cannot be said to have a field espacity

at al1, since drainege contimies to remove appreaisble quantities of water
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from them over periods of ssveral months, This is supported by the
statement of Richards (1949a) in which he suggests that same soils do not
have a field capacity as they do not seem to have a definite modsture ocontemt
at which moisture movement beoomes negligible,

Veilmeyer and Hendrickson (1949) have suggested that it can be
regarded as the starting point from which plants begin to uss water fram the
801l in the noamal functions of growth, although some water may be used
while the sail ia being irrigated and before the field capacity is reached,
They have also proposed that a soil under a given set of conditions can be
teken as having certain field capacity. They have reviewed the methods of
measuring field ocepacity in the laboratory and in the field,

It has been pointed out by Richards (1549a) that the hydraulics
of £ie1d capacity are not well understood. Baver (1956, p.266) has
reported that varicus investigators have given various tensions at which
water is held at field cepacity and deduced that very little information is
availshle regarding the tensions at which water is held at field capacity.

Various designations have been given to moisture content of the
Sal) at the time when the sodl cannot supply water et a sufficient rate te
Balntain turgor, and the plants growing om it permensnily wilt, These
include the wilting coefficient (Briggs and Shants 1912), permenent wilting
Peroantage (Hemdrickson and Veilmeyer 1929a) and the first permanent wilting
Parosntage (Firr and Reeve 1945), Sinoe the term wilting eoefficient
&%0srally indicates that it bears a definite relation to other scil properties
and also that it is derived from indirect methods it would seem prefersble
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wmmmmmmmwummbyvmm
Hendriokson in their various papers (1928, 1945, 1948, 1949 and 1950) to
indicate that determinations wers made by the direct methods, According to
Baver (1956, p.284) most indirect methods are umrelisdle, Veilmsyer and
Handriokson (1948) have indicated that the reduction of mcisture below
Mmmmummmmwmm
by evaporation, and that the moisture extraction cuxrve is essentially
horisontal after this molstwre content is reached, Howewer, they realised
thatthcpcmmntmmmnmtm\mtqmum,muamn
mammmuwmwmmmm.
They suggested that it is a satisfactory reference point from which the
smount of resdily availsble water and also the smount nseded to raise the
80il to its fleld capecity mey be caloulated, Dstailed methods of
mmmmmmmmmuww
Vailmeyer and Hendrickson (1945, 1549).

In fact the availshdlity of the water between these limits is
sti11 a metter of controversy, One school of thought holds thet water is
Squally and reedily available over the entire rangs, so that irrigating the
Plants when there is available moisture in the scil is unnecessary. Another
schoal believes that certain arop plants grow better when sail meisture is
at field qepecity sand that adverse offects result: o= the water combent of
the soil asareases.

Most of the evidence put forward to support the first view hes
been 1rodiced by Veilmeyer and his associates (Conrad snd Veilmeyer 19293
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Hendrickson and Veilmeyer 1929a, 1929b, 193h; Veihmeyer and Hendrickson
1927, 1930, 1949). Their work was caxried cut with deciduous fruit
trees with well developed root aystems, The soil used in the investigations
was mostly light sandy losm, They have shown that s moist soil has no
optimm modsture content at which the trees grew best or at which the use
of water was affected and suggested that optimum moisture conditions for
growth may therefore be taken to cover a rangs of soil moisture from meximum
1814 cepacity to about the wilting coefficient, Hendrickson and Veibmeyer
(1929a) extended this proposition to include the effect of moisture on all
types of cultivated plants and went so far as to say that so long as the
soil moisture fluctuated betwoen the field cepacity and the permanent wilting
podnt, the grower could do nothing to influence the ylelds or growth by
Bodifying the water relations betwsen plant and scil., Summarizing the
Varicus opinions and evidences in the discussion, Veibmayer and Hendrickson
(1955) concluded that *The results of imvestigation on the relation of
Plant growth to scil molsture show that the plants grow well throughout
2 Wide range of scil modsture, but some investigators questiom whether they
% 20 with equal facility throughout the entire rangs from field capecity
% the permanent wilting percentage®. |

Other studies which thwow same light on this aspect of the
AVallability are the investigations of Beckett, Blansy and Tayler (1930);
Callinen and weirberger (1932), Shaw and Swessy (1937), and Wadsworth (1934).
Thelr conclusions are in accord with Vellmeyer's hypothesis.

There is, however, snother school of thought. which holds that not
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all the water between field capacity and permanent wiling percentage is
equally available to the plant and that the growth rate of various plants
decreases as the s0il becomes drier, Even with fruit trees Lewis et al,
(Lewis, Work end Aldrich 1934k, 1935; Work end Lewis 1936) studying the
influence of moisture on the growth rate of pears found that the growth of
fruit was reduced whenever the soil moisture in the msjor portion of the
root gone fell below 70 per cent, of the available moisture,

Certain expsriments carried out on anmuals, herbacscus perennials
end ceresls are not in agreemsnt with Veilmeyer's hypothesis, Heck (1934)
found that the growth of sugarcans was retarded when the sail dried out to
only slightly below field capecity. Similarly Stoeckeler and Aamodt (1940)
fwndthntuodlingsinatmatmndobntmmmw
was approximately at field cepacity. Haynes (1948) reported that in fertile,
ununmm-.mwmmmmumwm
Redature “almost to saturation®, West and Perkman (1953) reported that
the rate of water extraction progressively dscreases over the whole range
from wetting by irrigation to the moisture content when the trees begin
to show the aign of wilting, Other investigators (Ayers, Wadleigh and
Yogistad 1943; Davis 1940; Hunter, Kelley and Somers 1950; MacGillivray
1949} Martin 1940; Wadleigh and Ayers 1945; Wadleigh and Gench 1548)
Bave cbtained results which are not in acocrd with Veilmeyer's hypothesis.
It should be noted that meny of their experiments were carried out in
900talners and may not have reproduced field oconditions.

Russell (1950, p.377) citing the work of Oppecheimer and Else
OR citrus fruit, suggested that Veilseyer's sssumption will fail on light
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8oils even whan the roots are ovenly distributed, These investigators (1941)
believe that there is no clearly definsd limit between availsble and
unavailable water and that a decrease in soil moisture undoubtedly exerts
physiological effects even shove the permanent wilting perocentege. Russell
(1950, p.377) has further pointed out that Veilmeyer's asmmrtion will fail
whenever the plant roots cannot ramify throughout the scil zone sufficiently
uniformly to extract all the ussble water fairly rapidly, for once the soil
in the izmediate neighbourhood of the plant root is in the wilting rangs,
nmmmmwmmmmwwm
Thornthwaite (1954) from the data of Halsteed oconfirms that as the sail
becomes progressively drier the ewvnporation diminishes. He also gives the
evidences from the soil moisture depletion for a sandy loem under four types
of cover (grass, oakwood, pine forests and moist sand) that the transpiration
Tate is a contimuously decreasing funotion of increasing scil dryness,
Mather (1952) quoting the experiment of Thornthwaite indiocates that water
Use does not vary greatly within a considersble renge of soil moisture value
&8 long as the soil moisture is maintaimed sbove field capecity.

Several investigators have put forward explanations of the
Ufferent results, Lewis, Work and Aldrich (1935) and Work and Lewis (1936)
BUEEeet thet the molsture perosntage of the soil in contact with the feeding
Toots may be ot or near the wilting percentsge, while at the ssme time the
maisture content a fow millimetres sway may be much Migher, In this way
the average comtent for a mormal scil ssmple would be well sbove the wilting
Perosntage at a time when the tree shows sericus nsed of water, The

Variability of soil and root distribution under some conditions are so great



L

that it is difficult to approise fram sail moisture-cantent the responsc
fruit trecs make to scil moisture availability, Furr and Teylar (1939)
stated "At the times when epparert fruit growth first showed that weter
deficit had developed it was usually possidle to find soil moisture
contents verying from within the wilting range to near the field capacity,
Evmhlmatmmmmgmtmuﬁsmmmmrwﬁmm
more umiform, veriations in solls moisture contents were so great that the
use of aversges of salle-moisture percentages proved unrelisble as a measure
of the water supply of the trees", ‘Vadleigh and Ayers (1945) and Vadleigh
(1946) have indicated that "the hyperbolic neture of the relationship
mmmmmmtm@mam.mtm
froquent finding that for ell practioal purposes, plants mey not show changes
in growth responses whils reducing the malsture percentage of sail from field
capacity to neerly the wilting percentage”,

Kremer (1949) after a review of the subject came to the conclusion
that for all prectieal purpeses in meny sendy scils water may be regarded
8 being equally availahle over most of the renge from fisld capacity to
Permenent wilting percentege as a result of the hyperbolic neture of the
Medsture tension arve., (In meny light salls, over half of the resdily
*"dladls water s held with & tenaion less than 1 atmoephere snd nearly
”WM.uﬂaatmammsmm. But in heavy clay
8alls leas then half of the resdily svailsble weter is held with a temsion
of less then 1 stmosphere, and only 75 par cemt. is held with a temsion
Of loss than 5 atmospheres. As most of the water in coarse-textwred soil,



15
such as light loam soils, is held with a tension of less than 1 atmosphere,
water can be regerded as equally available for practical purposes, dbut in
fine-textured soils, such as heavy clay, where less than half of the readily
availsble water is held with a tension of less than 1 atmosphere, a
oconsiderable part of the water in the lower part of the range 1s less
availeble than that in the upper part, In such soils, water becomes limiting
to growth before the moisture content is reduced to the permanent wilting
Peroantage., The difference in the moisture tension curves for these soils
nay account for the disagreement that has arisen as to whether or not water
is equally available to plants over the entire range from field capacity to
Permenent wilting point),

Although the problem of optirum s0il moisture for plant growth is
by no means completely solved, many of the paints of acparent disagreement
are of little significance in irrigation sgriculture, Generally the soil
moisture tension does not exoceed 1 atmosphere in many soils until most of
the available water is removed, Sinoce the transpiration rates are generally
high, the last portions of available soil moisture cannot safoly be relied
On, Hence, with most crops on non-salins soils it is best to irrigate
“hen the soil moisture tension in the root zone spproaches 1 or 2 atmospheres.

Richards and Wadleigh (1952) in their extensive review on the
Subject examined the soil moisture extraction data of Hendrickson and
Veilmeyer and sugrested that these may not necessarily indicate that over
the lineer extraction range the soil moisture is equally available for the
maintenance of plant turgor and growth, They stress the diffioulty of

Sbtaiming relisble information fram field tests of the relation of soil
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moisture stress and the growth rate of plants in view oi' the many factors
that enter into field experi:ents, same of which are cutside experimental
control,

However, there is considersble evidenos to suggest that the
Yegetative growth of the plants is mach mors sensitive to varying degrees
of soil moisture in the availsble range than is the reproductive phase of
develomment, Even Adams, Veilmeyer and Brown (1942) found that irrigating
cotton (on both Panochs clay and fine sandy loam) caused significent
M fferences in vegetative growth dus to variations in the levels of soil
moisture within the available range, but cbserved no differences in the
Yield of cotton per plant, This was noted on both dry and sendy soil. The
results of Wiadleigh, Geuch and Magistad (1946) show that, although a dscrease
in stress below the wilting percentage gave increass in fresh weight of
guayuls, the perocentage of rubber produced decreased at tensions below
about 5 atmospheres,

At this stage it should be indicated that although transpiration
and growth are both to a large extent controlled by the amount of water in
the 8odl there is a definite demarcation between the two processes, There
18 plenty of evidenos to support the view that growth is checked a long
"ile bafare any effect on transpiration is noticed, According to Kramer
(1949) Lewis concluded that the growth of maize depends primarily on n
adequate supply of water at the growing tip, This is limited most
froquently by excessive transpiration, the restricted sbsorption caused by
dry scil being second in importence as a limiting factor, So it can be

Safely ooncluded that the growth of some plants begins to doorease almost
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a8 soon as the soil water content falls below ficld capacity before any
noticesble effect on transpiration is noticed,

When this information is oonaidered in conjunction with that cited
by Richards and Wadleigh (1952) it becames evident that water held in the
so-called range of availsble soil moisture is not equally avallable to the
Plant; the growth of the plant csases as the soil moisture a:proaches

Wilting minto

(b) lMessurement of Soil Maisture

Various attempts have been mede to determine scil modsturs without
resorting to the leboricus sampling, weighing, and drying techniques.
Although the gravimetric method using a soil auger or king tube sampler is
3t111 considered by msny a relisble method, the chief objection (in addition
to it being time - and energy - consuming), is the destruction of the
sempling location to the extent that the measurements of soil moisture can
Never be made more than once in the seme place; at ths seme tixe 1t is
misleading for studying soll moisture movements, changes, and trends, For
SXampls, if soil samples were collected at different dates from the same
£i81d and if the samples varied in soil texture any difference in moisture
Roted could equally well be aue to differences in texture as to movement of
50il molature, Several attempts have been made to eliminate and substitute
dem--firstlybymemﬂwchmgesm:pedﬁcmﬁtyuf
PUT® methy) alcohal when the moist soil is sllowed to disperse in it
thoroughly (Bouyoucos 1931), and secondly by determirdng the amount of
acetylens gas evolved when calcium carbide is mixed with the moiat soil
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(sibrisky 1935) These methods are, however, insufficiently reliable for
accurate soil moisture reasursents,

These methods, mentioned sbove, which are quite impracticsble to
the average grower faced with making day-to-day decisions, suffer from the
disadvantage that no standard scale of valuses is posaible, since the amount
 of water held in given volumes of different soil types is not related to the
foroe, or moisture tension, with which the soil perticles are holding the
S0il water, With the object of overcaming these disadventages, two methods
of measuring moisture content in gitu have been devised for general use under
field oconditions, These are (1) by electrical means, and (2) by tensiometer
Or techniques based upon the so-celled suction force of soils or capillary
tension,

There are seversl electrical methods that can be used for the
messurswent of the moisture content of the soil, These include electrode,
absorbent block and dielectric methoda.

Briggs (1899), Gardner (1898), McCorkle (1931) and Whitney, Gerdner
ard Brigps (1897) were among the first to propose to measurs the soil moisture
30 situ by means of electricsl conductance or resistance, Since ziall
Shanges in the salt content of the soil solution affected the conductivity
more than the amouit of water that was present, measuring scil melsture by
eans of eleotricsl conductivity has never proved successful. Shaw and
Baver (1939e, 1,3%), Fletoher (1939), Bouyoucos and Mick (19408, 15400),
Aoderson ang Ealefsen (1542a, 1942b), Anderson (1943), and Edlefsem and
Anderson (1941) proposed the slectrometric measurements of soil moisture in
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terms of thermal conductance, resistance, and capacitence.  Although the
thermal conductance method and the capacitance method both offer theoretical
advantages, as pointed out by Kelley et al. (1946) and Wallihan (1945) and
Others, they have not been developed to the point of beocaming cammercially
aveilable, Henoe, they have not received as much attention as the
Bouyoucos and Mick's resistance method, which is reedily svailabls,

(1) Resistance Methods,- Bouyoucos and Mick (1940a) used two parallel
elemammmmublocksdplasterofpm These blocks, often
hm“ypmbloclm,mburiodmthssoiland,af'b&theeqﬂjbﬁmhas
been estsblished between block and soil, the block will gain or lose moisture
¥ith the s0il, Klectrical resistance of the block bstween the slectrodes
veries with the moisture content and the temperature of the soil, sinos the
Salt content, oompection, texture, and dsneity of the block are constant.
Thus resistance provides an indirect measure of scil moisture when the block
18 calibrated for a partiocular soil, Changes in the salt ocontent of the soil
solution also affect the relationship of the moisture content to electrical
Tosistance, However, the error ceused by the concentration of salts in the
801l solution, is said to be minimised by the buffering action of the dissolved
calclum sulphate in the gypeum block (Bouyoucos 1951), OFf the many substances
that have been tested for their suitability as sbsarbort blocks, plaster of
Paris hur been found to exert the greatest buffering action. Altchison,
m‘”m&m(wm)mmmthattbemectofmumwhh
im‘dmthouaoihinwhidxﬂntotalsnhﬂalemtsb‘sthOJ
POT cnt,  Emmrt and Baver (4950) wiile studylng the effect of salt
%ationmmefremmuormmuockaformkmgm
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moisture readings in situ concluded that the gypsum blocks arc relisble

for measuring soil moisture when the eslinity of the irrigation water does
hot excsed 2000 parts per million of laCl, A salt concentration less than
the amount in the block has only slight effects on resistance, The main
scrious drawback is that the blocks are not very sensitive on the moist emd
of the moisture curve, The fact that they can be used only on the dry end
of the plant growth molsture range is s definite limitation in their
usefulness in the field,

Considersble work has been done to increase the rangs of sensitivity
of the gypsum block particularly towards the wet range, Colman (1946) has
introduced a scil unit resistance method for determiming soil moisture in
which fibreglass is used as the porous dielectric, Esch unit contains a
themmistor which measures the tempsrature, Colmen and Hendix (1949) have
indicated thet it is more sensitive in the wetter range (from pF O to 3.6)
and therefare covers the region in vhich the gypsum blocks are insensitive,
The chief weakness of the method is its greater sensitivity to the presence
of mualler amounts of electrolytes (Ewart and Baver 1950), Bouyoucos and Mick
(1948) and Bouyoucos (1949) have experimentsd vith a muber of new units and
Feocmended both nylon and fibreglass units as accsptable ones for the
Complete range from saturation to the wilting point, Although nylon and
fibreglass units provide greater sensitivity in the hisher ranges of soil
holsture than gypsum blocks, the seriocus cbjection to their use in the fisld
s the imperfect contact with sail alternstely wet and ary. The response of
the unit to moisture changss in the soil is often erratic end unrelisble
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under such conditions, The desirable features of the gypsum block as a buffer
and a contact medium with the soil and glass fibre as an sbsorbing medium were
Carbined in a modified fibreglass technique by Youker and Ireibelbis (1951).
The unit so designed is claimed to messure soil moisture under field conditions
from saturation to wilting, Bouyoucos (1954a) has modified his method by
mﬁﬂgacunplotenylonum.tinsidaaplastarofparilblo&. This unit
Meéasures the moiuture in the soil from near the saturation to a point above
an air-dry condition,

A considerable drawback in the use of the gypsum blocks is their
lack of Awability in the wet condition, since under these conditions the
blocks may @issolve and disintegrate in one season, a considerabls handicap
in investigations designed for long-term studies, An improveent in the
mﬂiﬁyot‘tlwblockmmdawhm&mm (1953) introduced the gypsum
block impregnated with alochol-soluble nylon resin, Bouyoucos (1954b) has
introduosd a new type of electrode adopted for gypsum blocks and has claimed
to be sensitive to change in soil molsture content at a tension renging from
about 260 to 330 am of water, Closs and Jones (1955) have described the
‘onstruction of amall cylindricsl gypsum blocks which can be used near the
®irface of the soil. Croney, Calaman and Currer (1951) have introduced a
7O tYPe of concentric eleotrode moisture gauge of small dimensions which is
Slained to have the sdventege of repid response, The incressed use of
&7p8un blocks for following soil modsture changes and scheduling irrigation
has 1ed Almed and Marsh (1955) to introduce new types of gypsum blocks cest

in tubes et € inch intervels. It is claimed that the blooks-in-tubes ides
Pomits;..



22,
(1) Quick installation of a camplete "string® of blocks, uniformly
spaced throughout the root zone.
(i4) Intimate contact between the blocks and undisturbed soil and roots.
(111) Elimination of back~fill, potential channels, compaction or loosensss,
(4v) Besy removal at end of season for laonger life,
(v) A shape in which concentric electrodes became a possibility,
Further work is necessary to substantiate these clainms,
Cummings and Chandler (1040), Kelley et al, (1946) and Slater and
Bryant (1946) have made extensive field tests to compare the cperating
officiencies of tensicmeters, sorption plugs, electrical resistance units
sod electro-thermel units under field conditions, The general conclusion
B8ams to be that the resistance method (only Bouyoucos blocks were included)
Offer the most practical epproach to soil moisture measurements in situ,
It has been shown by various investigators that the gypsum blooks
Can safely be used to measure the soil moisture tension in their sensitive
%one (Altchison and Butler 1951; Cummings and Chandler 1940; Haise and
Kelley 1946; and Kelley et al, 1546). They function best in thoss soils
that have moisture-tension curves with gradusl slopes, that is on those soils
that release moisture over a wide range of tensions (Baver 1956, p.297).
With the knowledge gained so far in ths electrical resistance
mothods for meaguring soil moisture it can be safely conoluded that the
Wlon units are more sensitive at tonsions less than 2 atmospheres and
fibreglass units cperate satisfactarily over the entire range of plant
®Vellsble moisture, but gypsum blocks function most effectively between
1 and 15 atmospheres,
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(1) Tensicmetsrs, - The principle of capillary tension has been
used by many imvestigators to measure moisture changes in the scil. The
contributions of various workers to the development aud use of tensicometers
have been reviewed by Richards (1949a).

Acoording to Richards (1945a) tensiometers have a uniqus advantage
over other modisture-measuring devices now availsble becsuse they measure
& propearty of soil water which is directly related to the work plants
mist do against surface foroe action to extract water from the soil, It
i8 said that, for some purposes, the celibration of tensicmeter readings
against so0il moisture ocontent is unnecessary.

Since the range of tensiomsters, i.e, zero tension to near one
atmosphere, includes over half of the available moisture from field
capacity to permanent wilting percentags far the fine-textured soils and
Doarly 90 per osnt. far sandy soils, the temsiometer can serve a most
useful purpose in following changes in s0il moisture,

As nons of the resistance units are as senaitive as the
tensiometer within the one atmosphere tension range, the best wy ia
'M.chtomuumtlnmjlmoishmtemiongg_gx_mldbﬂnmmtion
Of the tensiometers and the gypam blockss The two will supplement esch
Other, one covering the higher levels of water content, and the other the

Irrigation is the practice of supplementing that pert of the
actual precipitation which is availsble for orop production and to supply

Water to crops in the right amount, and when needed, Tne arount of water
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used in irrigation varies from place to pla e and from tise to tire as the
natural precipitation varies. juowledge of seasonal water requirenent of
different crops, the means b, which to determine the time of water application,
the process of effective and economical use of water by the plant, are some

of the requirements for efiective irrigation, which should be adjusted to

the s0il type, its texture, depth of the rooting of the crops, the types and
8@0 of crop, the weather and so on, Irrigation may be accamplished generally
by flooding, by means of furrows, by sprinmkling or by applying water underneath
the 1and surface by subirrigation and thus causing the ground water to rise,
0n® of the main requisites of good irrigation is the distribution of the

water in the field as evenly as posaible,

It has already been noted in an earlier context that it 1is
impracticable to attempt to maintain the rmoisture content of soil contimcusly
at any value other than saturation, fisld capacity, or permansnt wilting
Percentage, So instead of attempting to maintain a definits amount of
molsture in the s0il, the moisture content has to be allowed to fluctuate
through a definite range. Any attempt to wet the soil in the field
(Veihmeyer 1927) ar in a container (H.ndrickson snd Veilmeyer 1941) to less
than £1e1d cepacity will simply result in part being wetted to field
Capacity while the remainder is left umwatered, The most practical method
or'tudmmmectsoflimitednterwpplyonplammutoallw
the plants to ary the soil to same moisture content well below the field
Caracity or ewen approaching the permanent wilting percentage, before adding
water to bring it back to the field capecity.
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Several attempts have been rade t. control the soil moisture under
field conditions and to determine the time to irrigate the crops. In meny
attampts the regulation of time of irrigation was by such capricious methods
88 the feel or appearance of the soil or by the appearance of the crops., These
methods have never proved to be entirely satisfactory and much experimental
work has been carried out on the control of soil moisture, using resistance
blocks and tensiometers to indicate the moisture status of the soil.
Tensiameters have not, however, been used in this investigation and are not
considered further.

(1) Gypswn Blocks.- Several inmvestigators have used Bouyoucos type
blocks to determine the irrigation intervel and to control the soil moisture
Under fisld conditions, The blocks are installed at various depths,
depending upon the type of information required. The soil is then allowed
to &y cut to a predetemmined level of soil moisture tension or resistance as
indicated by the resistance readings of the block, Soil moisture tension
Teadings are obtained fram the celibration curve, and sufficient water is
added to bring the entire depth to the field cspecity.  Sinoe the
8ensitivity of the gypsum blocks startsfram about 1 atmosphers, the soil
Boisture tension will range from 1 atmosphere to 15 atmospheres above which
18 IOt avallable for ardinary growth of the plsnt.

The gypsum blocks have been used quite sucosssfully for determinming
“WﬁmmmmmmmMthmm
conditions, (Owart 1954; Hunter and Burtoh 1955; Rouse,Willhite and Miller

1955), Use of gypsum dblocke, as an econamic and efficient instrument to
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determine when and how much to irrigate, can be illustrated from the four
@ifferent irrigation treatments that were carried out on tamatoes and aweetcorn
by Schleusener, Peikert and Carclus (1949). The highest yield in both crops
were repcrted to have been cbtained from the treatment in which the total
irrigation of I inches was given according to the block readings,  Cthers
recelving three or four times as much water based on empirical methods did
hot yield so well, Unfortunately the suthors do not give the resistance
Téadings at which they irrigated but mention only that water was given when
the blocks showed the availsble maisture in the soil was less than 50 per
ocent,

To eliminate the possible danger of over-irrigating or under-
irrigating Bouyoucos (1950) introduced a practical moil moisture meter,
Calibrated to read directly in percentage of aveilsble moisture in the soil,
This iz claimed to be a simple, quick and practicel method of measuring the
8¥ailable moisture content of soils and also indicates when and how it is
D8cessary to irrigate and also the depth of pemetration of water, He
Teccmends that for all practicel purposes, the meter can be used to measure
the approximate percentage of availsble moisture in almost all soils.

In most soils fertilisers do not affect the performamnce of the
EYPRm Bloaks (Bouyoucos 1951). The effect of salt concentration wes found
to be most rrongunced in the highest level of water content and is practically
Meligible in the Jowsr level of water content, Bouyoucos considers that
€¥en 1f the 80l contalns reascnsble smounts of selts or fertilisers, the

method will give satiafactory information below 95 per cent, of available

water
content on the moisture scale, He stressed that errors in the method
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due to fertilisers are only temporary, for during the growing season the

Plant mitrients are being used up rapidly by the plants, or are bedng leached
Qut, and do not accumulate in the soil, He concludes that his study indicates
that the irrigation moisture meter is reasonably accurate fram field capacity
to the wilting percentage for practically all sodls with medium to low salt
content,

A more precise arproach to irrigation was suggested by Bouyoucos
(1952) which includes a :ew clectric autamatic irrigation system, which is at
Present mainly in use for watering in greenhouses, The nylon unit used in
the apparatus is the centre of this unit which actuates the contruller to twrm
the wate:r on and off according to the need of the soil for water, The scale
on the meter is calibrated to read from O to 100 wer cent. of available water,
He (1956) has developed e nsw alternating current type of moisture meter which
eéasures not only the percentage of availsble water but also the corresponding
resistance in ohms,

Gypsum blocks have been used extensively for determining the
irrigation interval for irrigating sugarcans on large acreages in Hawail
(Bwart 1951; see also Baver 1956, p.316)e This is reported to have saved
% Muber of irrigations, and has remilted because water was applied only when
Toadings indicated their meed, and not because a fixed interval of a mmber
Of d2ys had elapacd, Baver (1956, p.317) quoting the work of Bwart (1951)
Seems 20 indicate that irrigating the soil at a tensicn equivalent to a
resistence block reading of 5000 ohms saved sbout 27,8 acre-inches of water

80d at the seme ti.e yields of sugarcans were slightly superior to previous
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record yields fram the sane field, lluster of paris blocks are being used
Buccessively to define depths of wetting, rate of removal, irrigation interval
control in experiments, irrigation ocontrol in different soil types on = field
scale, and the location of dry spots (Hawailan Sugsr PL, Ass. 1952, p.20).

Butler (1951) using the resistance pattern diagrem of gypsum blocks
celculated the smount of vater stored and has also Gemonstrated that gypsum
block technique cen be used to study the soil roisture regime under a
simple arop rotstion, As gypsum blocks are not sensitive at approximately
field capacity or wetior, his results indicate that they are more reliable
when the soil is undergoing uniform drying and under these circumstances the
interpretation of resistance in temms of both scil moisture tension and soil
water content is possible,

Cypsum blocks have been used to measure ths ssssonel changes in
the s0il moisturs tension throughout the dspth of the soil profile (blocks
were installed up to 6 feet) and to mark the arrival of wetting and &rying
fronts for three sucosssive years (Aitchison end Holmes 1953)., It is
Buggeated that the gypsun block moisture meter may be used to detexrmive a
datun for caloulation of total available water in the sail, It has been
Shown that tho gypsum block oan be used to measure the scil moisture
changes and changes in soil modsture tension during three saccessive seasons
in the orop rotation (Butler and Presoott 1955). These authors indicated
that evapo-transpiration loss from wheat and pasture in relation to availsble
moisture can be estimated by this technique, |

It can be safely concluded that the gypsum block , within the
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limite of its sensitive range, is probably the most reliable and
Zoderately inexpensive device aveilable at present for use in the

control of the soil moisture econcmically and efficiently in sitan
in non-seline soils.
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EOPERI.ENTAL METHOUS

(e) Site snd Previous History of the Field
An area of approximately % acre was selected north-west of the

laboratories of the waite Institute on the gentie slluvial-colluvial slopes
of Pre-Cembwdan origin (Litchfield 1951), The ground surface has a slope
from southeenst to north-west; the outer corner of the plot C (Fig. 1)

¥28 at the higheet level in the experimsntal area and was taken as a
reference point, The diagonal slope from plot C to the outer corner of
Plot L was 9 foet, i,e, about 5 per cent. The slope fram socuth to north
was less than a foot, while the slope fram east to weat was about 2 feet,
It was eppreciated that the slope of the ground would render irrigation
treatments more difficult, but no other site was availsble,

During 1951-52 the fisld was fallow, Spaced plants of Medicago
iribuloides were grown in 1953 and the area was cultivated after plants had
been harvested,

(®) Desaription of the Soils

The 80ils of the area are repressntative of scil oonditions over
& major part of the Institute being daminated by red brown earth of the
Urtbraa series, There is an cocurrence of a pattern of soils with
watorworn atones and gravels associated with hydromorphic affimities.
Thess stones are found at varisble depths in the profile from 1 to 6 feet.
The s0il 1 classifies (Iitchtield 1951) as a slightly hydromorphic red
Podzolic soil, The following charscteristios were noted while sinking
the blocks;, and by reference to Litchfield's paper
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Depth Texture Clag‘ Colour
(in,) (3

0=~ 4 Ioam 18,0 Brovm

b« 9 Loem 21.8 Light red brown

9-18 Clsy L7.9 Brovm red slizhtly stony
18 - 27 Clay €1.1 Red browvn stony
27 - 36 Clay 6Ce2 ked brom stony
36 = 45 Clay 11,2 Yellow red stony
45 - 5, Cluy 37.6 Yellow red or yellow brome-stony
() Sypsum Biocks

For the present investigetion the Bouyoucoes type of gypsun block
(Bouyoucos and Mick 19,0) wos used. 411 blocks used were of standsrd shepe
with two parallel electrodes 2 iuches lor and & inch apert.

Two groups of tliese blocks of this pattern were used., These
Campriseds

(a) 300 blocks with eppropriste length of leads were obteined
from National Instrument Co. Pty. Ltd., Sydney. These will be referred
to as 'New Blociks',

(b) 100 blocks which were already in the possession of the
Inatitute, They were epproximately onc year old but had not been used,
These will be referied to as '01d Llocks',

(2) Deason of Expertaents

An aree of 0,42 acre of 140 x 130 feet was divided into three
equal blooks, Hach block was further divided into four equal plots of
size 43,3 x 35,0 fect (appraximetely 0,034 acre) each having two trestments,
A 8trip 5 feet wide on either side of the plot ami 5 feet all around the
Teld was left for barder éffect. In order to prevent the water rumdng
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off to non-irrigated plots, & drainage chemnel of 12 inches wide and 6 inches
deep was dug on the bordere of irriuated snd nonmirrigated plots, Te yield
and other morphological cbservations were therefore taken from the sampling
area of 33,3 x 25,0 feet (avproximstely 0,019 acre), The actual lay-out
followed in this work is shown to secale in Pig. 1.

(¢) Celibration plots

The border areas betwsen the plots E snd F, and K and L, each
25 x 10 feet, were utilised for calibrating the gypsum blocks under field
conditions (Fig, 2), Each plot has 18 blocks, 3 blocks in each of 6 holes,
(£) Soil-Moisture Tengion lieasurements

It wes decided to messure soil moisture tension down to five feet,
The depths selected were 6, 12, 24, 36, 48 and 6O inches, The location
of holes for the instalment of blocks within each plot were chosen by
dividing the plot imto six equal parts end a location allocated by randam
positioming in esch part., The depths 6, 24 and 48 inches were allocated
to three holes at random and the dspths 12, 36 and 60 inches were allocated
to the remsining three holes, This method of arrangement of verticael
distances between blocks wns adopted in order to determine whether or not
the depth of penetration of water was uniform throughout the profile.

Since the sverage plough depth is approximately 3% to & inches,
1t was decided that the mimimun depth at which a block ocould safely be
installed was € inches, The average block resistance readings of 6, 12,
2, 36, 48 and 60 inches were assumed to represent the values on any one
Occamion of between 0-9, 9~18, 18~30, 30-42, 42-5h and 54-66 inches

Tespectively, It will be seen that the total mmber of gypsum blocks
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required for this study was 216, Duplicated thermistors for meesuring
soil temperature st these cdepths were taken to be sufficient for correction
of block readings and thermistors were therefore placed in plot C (none
irrigated) and plot G (irrigated),
(g) Instsllations

One of the main advantages of the electric resistancs method over
gravimetric methods is that after installation the readings can be taken as
frequently as desired without destroying the ssmpling area, It is necessary,
however, for the blocks to be placed in close contact with the soil with the
mimimum disturbance of soil and vegetation, In order to eliminate as far
a8 possible the uneven germination and variable stand of lucerne due to the
trampling of the soil surface near the holes and trenches, and to aveid
brealdng the growing roots of lucerns, it was considered advisable to install
the blocks and thermistors before any cultural and sowing operations were
done, This procedure slsc has the adventege of sllowing the growing roots
of lucerne to &xy cut the sail around the blocks evenly,

(1) Ere-instailation Cperations,~ The field was first ploughed
o a dopth of 31-4 inches cn 2ist April 1954, and was subssquently harrowsd.
The experimental area and the positions of holes were marked ocut,

(141) Importance of Proper Instsllations - Clesrly the miccsss of te
*XPeriment dgpended largsly on the careful installation of the blocks, The
POt tine for ingtalling them is, if possible, when the soil is moiat, not
%Y and hard, The pecidng of the soil arcund the block and thus optimm
ottact between block and soil can be more easily cbtained in moist scil
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than when the soil is dry or is in a very wet plastic condition,

Unless the excavated soil is replaced to its originel denaity the
resistance readings may not be representative of the soil as a whole, If
thisismtdoneanartificialchamwlmybematedthrm@vdﬁdtumm
travel rapidly to the umits, so that efter a rain or irrigation soil moisture
samples at o given de th are still dry, whereas the resistance of the
corresponding umit has drorped significantly, This problem is es:eclally
serious vhen a natural soil has a layer of low permeanbility and under such
circumstances it is difficult to duplicate when refilling, On the other hang,
if the excavated soil is not pecked to the same density in its appropriate
horigon there is every possibility that heavy umnatural root growth adjecent
to the umits mey result in immoderate transpiration dreinms. A consideration
of the literature suggests that the importance of such effects has never
besn fully examined,

(1i1) Uniformity Tests of Gypsun Blogks.- Bouyoucos and Midk (1547)
Suggested a simple umiformity test for the rectangular (Bouyoucos) type blocks,
The blocks were immersed in distilled water for 24 hours, sllowing them to
become ocempletsly saturated. The resistance of each block was then measured,
Tanner, Abrams and Zubriski (1948) modified this technique by wetting the
blocks in a vaoum desiocator and found that it gave more accurate results,
thmmm(wsﬂ found that differences of resistance
deteotod with this techmique persisted in the seme arder throughout the whols
mcdsture rangs. Thcyholdthatatolmof:5p‘rm-mmh-
$imilarly, the blocks used by Pereira (1951) had a saturated resistance which

lay within 5 per cent. of the mean of 50 blooks.
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In the present investigation the grouping of gypsum blocks
followad strictly the methods used by Aitchison, Butler and Gurr (1951),
The nean res stance of the new gypsum blocks when suspendsd in air irmediately
after removal from the water waes found to be approximately 550 ohms and
blocks with resistance between 530 and 570 ohms were sccepted, In this
way 250 ‘new' blocks were selected, Similarly the old blocks with the
resistance between 900 and 1040 ohms were selected; the mean resistance
being aprroximately 1000 chins, Pifty blocks were thus selected,

(iv) Identification fass,~ The blocks and thermistors were
providad with aluninium tags bearing the name of the plot, depth and
serial mmber for eame of identification,

(v) Method,~ In this experiment the installation proocsdure
followed that of Aitchison, Butler and Gurr (1951). The blooks were placed
Parpendicular to the ground surfacs with the middle of the block at tho
appropriate depth, After installing the blocks the leads were led
downwards before being brought to the surface in order to prevent water
novement elong the wires to the blocks, All the six leads rrom one hole
were brought up to sbout 6 inches below the surface; they were then taken
in trenches 6 inches deep (photograph 1 ) to the switchboard pole. All
blocks were installed similarly in plots and a tag at the end of the
wire near the pole made it possible to identify the wire. The leads were
soldered to the switchboard after ocompleting the instalment of dblocks in
all the plots (photograph2). Soil was replaced to its original horizon
and repacked as far as possible to its originnl density. A =mmall sample
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Photograph 1.

View of trenches dug to take the wires to the

switchboard, In the background is the pole
for the switchboard, “he positlions of holes
are narked by negs,



thotogrnph 2, Reverse sice i the switchbuard,
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of excavated material froa each depth was taken for determmination of the
permanent wilting percentsge and for such other analysis that might be
required, Little difficulty was experienced when installing the blocks at
6 and 12 inches but at 24, 36, 48 and €0 inches the soil was found to be in
o plastic state, Under these circusstances the soil was moulded around
the block in the form of a 3 to &4 inch dismeter ball as suggested by
Aitchimon, But:ier and Gurr (19Y51).

(vi) Thermistor rountings and Installations,- Mounting techmique
of themistors was the same as cutlined by Aitchison (195%), It was
suggeated (Aitchison 1953) that the time lag of this typs of mounting is
wrimportant in the determination of soil temperature, iith the slow rates
of changs of temperature occurring in the soil it may be assumed that the
delay in response of thermistors was entirely negligible,  As suggested by
Altchison, Butler and Gurr (1951) duplicate thermistors irrespective of
block mmbers at each depth were used, Henoe each two vlots had 12. The
installation of thermistors was carried out as for blocks, A cold setting
¥V.C. paint was used in the field for insulation purposes (Aitchison 1952 ),
(h} Switalboard

Triple-contact phone jacks (only two contacts used) mounted on
6 foet high and 4 X 4 inch wooden posts were used for switchboard, On each
side of a pole, a bank congiating of 20 jacks was used for each plot, two
Jacks being left umsed, Where thexmistors were used, there were 30 jacks
{18 for blocks and 1. for thenmi.stors), The triple contact phons plug

(only two contacts were used) was used (photograph 3) for connscting the
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Fhotograph 3, Front view of switchboard and the triple-contact
phone Jack used to connect the bridge with the
block or thermistor, Raman mmerals are the
terriinals of thermmistors :.nd Arsbic sre for the
blocks,
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meter to the block or thermmistor, The 3/16 inch dismeter plug and jack
was found simple and easy to operate, Simot?nmmnomﬁxi);r;fd;u
ars found in rultiple~pole switches and a unifoim contact was made each
timaplugmimcrted,ﬂnyprovedtohafutandreliablo. No oconfusion
tha&acmddmuonlyommtimmmq\ﬁmdtommtmoontwts.
About 10 mimutes were required to take the roading of 18 blocks, The whole
Switahboard was covered with weather-proof containers,
() galibration

The resistence of the gypsm blocks gives only an indirsct measure
of 80il modsture or soil moisture tension, and the most importsnt step in
the use of gypsum block is the dstermination of an accurate ealibration
faotor for converting electrical resiatance of the blooks to soil madsture
content or scil modsture tension, The resistance of the gypsum blocks
(when temperaturs and other varisbles are constant) is determined directly
by the moisture content of the blocks and indirectly by the moisture content
of the soil, When the moisture content of the block is in equilibrium with
that in the soil surrounding the block, the force with which the water in
the blook is held will be the sawe as the force with which it is held in
the mirrounding soil., Thus the resistance and the moisture content of the
block will remain the sems as long as the force with which the water is held
is the sems and this will be independent of soil type.

The moisture tension in the soil waries with the moisture content
of a given soll in a given physical condition, the soil particle size, and
the pacidng of the soil, Since in any chosen position in the soil the
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siructure will tend to remain constant during the season, the wvariation in

s0il moisture tenamion shown by the block resistance will correspond to changes
in the moisture content, It may be added that there is a unique adventage
in expressing the block resistence in tems of soll moisturs tsnzion rather
than soil moisture percentage, zince it measures a property of soil water
which is directly related to the work plants must expenl to extract water
against surface foros action from the soil, Soil moisture tension is, moreever,
independent of texture, structure or composition of the soil, For this reason
it is cleor that regardless of soil type, tensions are directly compersble
with each other, A  artiaular tension in any type of scil indicates the
same degree of water availability to the plant without referencs to the nature
of the soll, Consequently there is no noceasity to calibrate for each horison
of soil when only pP* is under considexation,

() Gypsum Blocks.- Several investigators have calibrated the block
rexlstance in temms of scil moisture tenmion (Aitchison and Butler 1951;
Closs 1954; Cummings and Chandler 1940; Haise and Kelley 1946; and Taylor
1955). Aitchison and Butler (1951) suggested that the shape of an average
resistance tension ourve may be taken as representative of the shape of the
curve for each individuel block and concluded that over most of the sensitive
rangs of the blocks this curve approximates to a straight line and further,
that within this range all blocks of a perticular type have a characteristic
constant relation between pF and log B (i.e, a constant characteristic

* The terms pF is used throughout the text to dsnote the logarithm of the
tensions (expressed in an of water) of the scil water, This is not striotly
in scoordance with Schofield's (1935) definition, since it dces not include
the sffect of soluble salts.

t The texm log R is used throughout the text to demote the logaritim of the
block resistance in ohms,
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sensitivity), This is sustained by Taylor (1555) who also suggested that
umiform block resistance will permit the use of a single calibration curve,
llence there is no need to calibrate each block so long as the blocks are
selected from the mame betch, ioreover, it has been claimed (Aitchison and
Butler 19551) that the differences of block resistance persist in the same
order throughout the whole sensitive range of blocks,

The calibration of gypsum blocks for this investigation was carried
out as outlined by Aitrcison and Butler (1951) using the pressure membrane
technique developed by Richards (1941). Twelve blocks were used (6 new

and 6 old). The relation botween mean block resistance (log R) end the
corresponding pF is shown in Fig, 3. The resistence of 6 individual blocks
when they were at equilibriu: at a particular value of pF have been plotted
for both types of block indicating the range of variation in resistance

among the blocks themselves, In plain plaster blocks and in the conocentric
plugs the standard errors of sbout 12 and 15 per oent. (Taylor 1955) were
low enough to pemmit the use of a single calibration curve, It has been
further sugcested by Taylor that the standard error for the difference
between blocks, if selected as sugpested by Tauer, Abrams and Zubriski (1948)
would be less than 12 per cent. All the blocks used wexre selected from

the ssme group, and the standard error of resistence wes i3 per cent. for
nsw blocks and 15 per cent, for old blocks which mas thought not to be

great enough to affect the calibration curve, The drying curve was used
since the investigation was mostly conoerned with soil under these conditions,

It is clear from Fig. 3 that both sets of blocks are sensitlive

throughout the rangse of pF 2.9 to 42 (and highar),  The old dlocks do not,
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however, seam to be as sensitive as the new blocks, particularly at values
around pF 2,9 and 3.0, It was thought that this would not have any serious
effect on the final results as only six of these blocks were used (three each
in two plots). These two calibration curves have been used throughout this
study to convert the temperature corrected block resistance (log R) to p¥,

(11) Themmistor Calibration,- Aitchison (1953), and Richards and
Campbell (1948) have indicated that it is necessary to calibrate every
thermistor separately and this was accordingly done, The measuring bridge
and the themmistors used in the present investigation are the seme type as
desaribed by Aitchison (1952a,1953), Calibration was made in a thermos
t’laskocntaimngwaterattmdeairedtanpomtm, the cork of the tharmos
flask having two amall holes through which the themometer and the lesds
from the themistors were inserted, The thermos flask was mounted on a
small shaking platform, and a standerd thermometer graduated to 0,1°C was
used, Before taking the readings, 5 mimutes were allowed for thermistors
to core to equilibrium with the temperature of the water. Fig. & shows the
relation between dial readings of the bridge and tamperature for three
thermistars, All the curves, of which only three are shown, indicated that
an approximate linsar relationshir exists between dial readings and
temperatures., Aitchison (1953) has shown that the relation between
potenticmeter setting and thermistor temperature is linsar and accepts the
relationship betwesn themistor resistance and temperature as

erdm.oup(bﬂ)o.oouoo.o.ooooco(1)

where 2, b, and C are constants,
and T = degrees Kelvin,
Br = themmistor reaistancs,



TEMPERATURE (°C)

40 /@/7’
(¢} (o]

30

/63 (] [
20 ///

(3] ) [ J
Q/O [ J
10 9/0 ./
s
fa . 1 I Il 1
o 1O 20 30 40 5O
DIAL READINGS

Fig, 4. Calibration of 3 randomly selected thermistors using scil moisture and

temperature bridge,



Lhye

He states that the exyression -

Rp = aexp (B/T . v e o o o000 0esaae (2)
is usually used as an ap-roximation since the constant ¢ is usually small and
may be ignored for a small range of T, towever, Aitchison points ocut that
a moderate degxee of variability between thermistor temperature and
potentiometer setting may be expected for rost of these semi-conductors,
with the result that the values s and b in equation (2) may not accurately
be the same for each thermistor, He suggests that this is the reason for
the wariadbility of the slope of the curve and for the considerable displacement
between the curves, However, these curves indicate that the relationship
between the two are adequate for the degree of precision required for the
correction of block readings, for the present investigation 50 thermistors
wore calibrated to the rangs of 0 to 40°C,
(3) pF-Moisture Content Ralationship

After establishing the relationship between log R and pF, it is
neoesaary to find the relationship of pF and soil moisture content for an
undisturbed soil. This has to be done for a mmber of depths sinoe certain
soil characteristics are not constant throughout the profile,

The curve showing the relation between pF and moisture content
varios widsly between s0il media of different textural charscteristics
(Haines 1930; Rogers 1935; Richards and Lambs 1937), Furthemmore, the
soil holds more water at a given tenaion when water is being withdrssm than
when it is being added, so that at a constant tesperature the pF of the
s0il water st a given moisture content depends upon whether the moisture

ocontent is incressing or decressing. In view of the difference bstween
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the shape and position of the wetting and drying curves (Haines 1930;
Richards 1438), Russell (1950, 1.349) contended that there is no unique
pF-moisture content curve for a soil, The hysteresis effect has been
obsocrved, studied snd measured by many workers (Richards 1949a), Here as
noted earlier, the drying curve has been adopted because the s0il was in
this part of the cycle vhen most of the measure:ents were made.

(1) Laboratory Culibration,- In the present study a pressure
wembrane apparatus as developed by Richards (1941, 1947, 19492, 1549b)yas used
Controlled air pressure for the ap aratus was obtained by the use of a water
column for pressure up to 300 cn of water, and by a two stage regulator
velve i'or high pressures up to 15 atmospheres, The whole of the apparatus
was maintained at a constant temperature of 20°c,

Semples from dspths of 6, 12, 24, 36, 48 and 60 inches were taken
from an undisturbed site (plot A), put in the pressure membrane apparatus
and allowed to wet very slowly for 6 hours, The thickness of soil samples
used were o proximately 1 am, The s0il water was then subjected to various
tensions, At equilibrium, tensions were noted and moisture percentage of
soil on dry weight basis was determined, Three samples for each depth
were subjected to each tension, so that altogethar 104 ssmples ware handled.
The so0il for all depths was subjected to a series of six pF steps in order
of 2,00, 2,48, 3,02, 3,50, 4,02 and 4,20 and the results are plotted in
Fig. 5

(41) Field Calibration,~ Sinoe the relationship of pF to soil

poisture content for any soil is dependent upon a number of factors such as

slze of pertiales, derrce of carpection and smount of water present, direct
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calibration under field conditions was also attempted, It was, however,
anticipated that there might be a considsrable disparity betwsen the phyaical
behavicur of a disturbed lsboratory sample and the undisturbed material,
partioularly in heavy textured soils or lighter textured soils of low water
stebility,

Due to the large veriation between samples in soil moisture content
ascribable to structure and texture (Aitchison, Butler and Gurr 1951), & large
mmber of samples are required to esteblish a reliable field ocalibration. It
wes sugirested that due to differences in t..e soil structure the water content
of a soil horizon may wary widely from cne place to anothar in the same
horison even when the energy status of the soil moisture remsins constant
over the same distance, _

The first requisite of field calibration is to take the soil smmple
close encugh to ths block to represent the same moistuxre condition, yst not
close enough to disturb the natural so0il and moisture relations at the bloak,
The area should be large encugh to provide for repsated samplings,

Soil modisture samples were taken from the calibration plots only
on ssleoted occasions when uniform soil moisture tension ar pF conditions were
shown by all replicate blocks at that depth, as suggested by Aitchison, Butler
and Gurr (1951)s Under the oonditions of the present experiment soil samples
were taken when at a particular depth the three blocks gave similar resistance
values, Soil samples were taken with 4 inch augers from 6, 12, 2k, 36, 48
and 60 inches depth, corresponding to the depth of blocks, Samples were
placed in 4 oz. metal cream tins with tight lids and taken to the laboratory
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for determination of moisture content, On the average six semples for each
dspth at each occasion were taken on each of three occasions.

Fig, € shows the relationship between the resistance of the block
(new and old respectively) and meisture content for all the dspths, Each
moisture content value is plotted fram the sbscissa against corresponding
resistance (log R) measured on the ordinate, The pF acale is also given on
the other side of the graph for oomperison, It should be stressed that the
points shown were those obtained from the direct field sempling, while the
ourve drawn is that cbtained from pF-molsture content, and pP-log R curves,
The pointe obtained at the 6 and 12 inch depths agree fa.rly well with the
laboratory curves, while at other depths the agreament is less aatisfzotory.
The agreement at the surface may have been due to better seration of the
leborstory samples end the surface soil in the field, Under these conditions,
cerbon dioxids oan diffuse readily to the atmolphcres, At lower depths,
diffusion is restricted and the carbon dioxide level increases, thus bringing
more salts (the bicarbonates) into solution (Russell 1952) and consequently
lowering resistance at given moisture contents, This would probsbly explain
thematcrdilmoftbehboratoqmdthwwmldlpth.
Field conditions of aeration at lower depths would be difficult to duplicate
in leboratory samples, The hysteresis between wetting and drying of the
s0il may also cxplainpartoftheovemlldiff‘eromebmnthehboratm-y
and field curves, Leboratory curves are drying ourves throughout while
field ourves sre based on soil samplings interspeced by rain and depletion
periods, and thus may have been a carbination of &rying and wetting ourves,

Other probable causes for the dlscrepancy are moisture gredients in the
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leboratory semples at higher resistances and the greater swelling of the
unconfined lsboratory soil semples,
(k) Soil Moisture Constants

The moisture content over the range fram field capacity to -ermanent
wilting peroentage gives the most useful information concerning the
avallability of water in a given soil, The determination of this range
requires the measurement of two arbitrary wvalues, the flield capacity and
the pemanent wilting perocentege.

(1) Mield Capacity.- To obtain information on this point, the
soil samples were taken fram the plots of lucarns after winter rainfall,
M@a&atl,oadxof10x5futmmﬁanlynlcctodinfmdiffm
plots, The lucerne wes cut in these quadrats and the soil surfacs covered
with plastic shoets and then with corrugated iron sheets to prevent
evaporation. After 72 hours semples were taken froum depths dowm to 60
inches, Ssmples were taken from these four quadrats on four different
occoasions, Thus the results given in Tabie 1 are the msan of 16 replicates
for esch depth. The semp:.os subjected to 100 an tension of water (pF = 2..0)
have already been discussed, Results are givem in Table 1,

Mean water content estimated at pF 2,00 has been used throughout
this investigation as corresponding to field cepacity for different depths,

(1i) Pepmanent i1lting Percentsge,- Sinos the permanent wilting
murmorhuutableforagimmilanddmitimm
the lower limit of soil moisture availsble for plant growth, it is probably
the most importent of all solil oonstants,
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Table 1
Field Capacity® ond Water Contant *

at pP 2,00
Depth Mean water content Field Sempling
(20 ) at pF 2,00
é 21,19 21,27
12 22,45 21,70
2k 30,2 29.28
36 27.69 27.43
A8 25. M 24, 81
60 21,52 20,40

* Expressed as percentages of oven~dry soil

Thers are tixes ways of dstermining permanent wilting percentage.
They are:
(a) Direct field sampling during the growing season,
(b) By growing indicator plants in sealed ocontainers, end
(e) By the pressure mesbrane techmique

() Fleld Sempling - This method was tried in non-irrigated plots
but it failed to give satisfactory results, prcbebly for the following
IeasOns:~

(1) To £ind cut whether moisture extraction is camplete or nearly
80, ssveral points are necsssary and the plants must remain wilted for
at least same daya, Msmhawmmootlmtbmwﬁn
plant, This will be more or less impossible to achleve in the present

experiment since lucerne is deep rooted and at the seme time it is
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unlikely that no rain will fall during the period neceasary,

(14) Although this method gives aocurate results and is reprocucible
in succeeding yeers, it has the disadvantepe that it camnot be cbtained
dauring the growing season, since it is not advisable to allow the plants to
suffer from water shortage while they are still growing, The lucexne takes
approximately 10 or 12 weeks to flower, and under the pressat experiment it
was not possible to wait so long,

(441) With the deep rooted crop like lucerne, ssmples from the top
1 snd 2 feet of soil may ahow that it has reached the low extraction level
while below this layer samples were still high in water content, Under
these oonditions quite a considerable time will be required for the plants
to extract the svailable watar throughout all depths, Samplea that were
taken in late April show that there is atill saome available water at a depth
of 60 inches showing that while the sampling method may be quite feasible
for the top 2 feet of so0il, it does not seem to be practiceble under the
present conditions,

(iv) Conaidersble variation in the smownt of water content in the
top 2 feet was noted, probably due to layers or pockets of soil of different
texture at irregular depths below the swrfuce and uneven root distribution.
At the semo time the soils in many places are so compact and stony that the
roots may not have been able to penstrate tham, with the result that the
moisture content of these s0ils may remain sbout the same throughout the
season, It is felt that this may be one of ths important reascns why this
method failed to give satisfactory and acourats results, The uneven



51,

distribution of stony layers at the same depth and at different depths
had been noted when the gypsum blocks were gunk into the soil,

(v) Since a luocerne plsnt ray have more than 20 leaves it is very
diffiocult to judge when it has reached the wiltdng stage or gone beyond
pormensnt wilting under field conditions,

() Indicator Plants. - Iliaving failed to obtain a satisfactory
dstermination of the wilting perosntage by direct field observations a
further attempt was mads b. growing sunflower plants, using the camposite
20il samples cbtained during the installation of blocka.

The technique used in this method for determindng permanent
wilting percentage has beon described by Marshall and Williems (1942),
Sezples of s0il (sbout 600 g passed through 2 mn sieve) were placed in
small honey tins, Two replicates were used for each depth for each plot,
Thus 1his pots were used (2 replicates x 6 dspths x 12 plots), so that there
were 2 replicates for each depth in this experiment, Corrections were
made for the weight of the plant roots (assumed to be one half the wedght
of the tops) and for the water content of the roots (ssaumred to be 80 per
cent,), Results are given in Table 2,

(c) Pressure-membrene Techmique.- Richards (1952) has pointed out
that the molisture retained in a semple of soil that has been air-dried,
memmmm,mmmwtww
oqﬂhhixmﬂthﬁnmatnpnsmotwahows,appemto
boclosslynlatedtothslmhmitofntaauihbhmtheﬂoldfor
arop growth, lie contends that this physicsl determination has certain
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definite advantages ower the sunflower plant method for estimating the
wilting point of soll. The same camposite ssrple as had been used in the
sunflower method was again used in the pressure membrans apperatus, This
method hee already Leen discussed in the determination of pF-molsture content
curve, Results of the determination of permenent wilting percentsge by
sunflower method and by pressure-penbrene technique are given in Table 2,

Table 2
Permanent #ilting Percentage® and Water Content *
at pF 4 20

Depth Mean water oontent P.W,P,

(1n.) at pF 420
6 6,63 6.80
12 7.40 7. 70
2h 19,88 19.72
36 17. 7 17.92
48 16,90 16,42
60 4. 39 .01

* Expressed as percsntage of oven~dry soil

Mean water content at pF L. 20 has been used throughout this
mmwwmmmtmmwmmpmmtatpmmmum

All resistences were measured at 1000 e¢./s. seconds with a
portsble resistance bridge as described by Aitchiscn, Butler end Gurr (1951).
Readings were taken every Tuesday starting at about 9 a.m. and about three
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hours were required to oomplete the readings on all plots, Since the
block resistance readings were used to indicate the pF of the soil, no
attempt has been made to plot the resistance-time graphs; furthermore, it
was realised that the graph of changes of pF against time will probably
yield more information and give a better picture than res.stance-time graphs,
Readings were taken on paper ruled as shown in Appendix A, to allow space
for the correction for temperature, for the conversion of tamperature
corrected block resistance readings to pF and then to various conversions
leading up to the amount of water atored or used,
(m) Measurement and Recording of Temperature Data

The same hridge was used for taking temperature readings.
Whenever block reedings were taken, the resistance (dial readings) of
thermistors were also taken, The time of reading was arranged in such a
way that the soil temperaturs (in wet and dry plots) was always read
between 9,30 a.,m. and 10 a.me The dial readings of the thermistors wexe
then converted to tempsrature (°C) using individuel cslibration curve as
mentioned earlier,
(n) Temperature Correction

The resistance readings of gypsum blocks were corrected for
tmmm,udngthemmognny.mbyutm,mmﬁ
Gurr (1951).
(o) Converwion of Jog R to pF

Thaoomctedlognofoadxblockmthcnmwdto;ﬂum
the calibration curve obtained in the pressure membrane apparatus.

Conaidersble difficulties were, however, experienced in expressing
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the mesults in ter:s of pF tor every dopth, plot and treatient dus to
insensitivity of the blocks at tensions Lelow pF 2,90, It was frequently
found that in tio same plot at the sexe G5pth ooe block was zt pF 2,90 or
higher end the other two at less than pF 2,90, or vice versa. 1t also
beoanes neoessary where soveral blocks are oparating as replicates to consider
how best Lheir individual behaviour oan be represeunted to show, as accuralely
as possible, the nature of changss taking nlace. Sinoe the pF indicates
the logarithm of the cm of water tension, the use of the aritlmetic mean
of the height in cm of water column or logurithmic mean of pP would lsed to
misinterpretation, particularly where greater variation in pf oocurs end
mmmﬂmﬁmmemmnmmm“mmmgt
tensions approeching 4,20,

In view of these difficulties it wns initially proposed to adopt
m_wvmormprmams(ho.}ummsmamm)
for a given depth to give the value of pF on each ooccasion, One sericus
drab;ckofthismthodofpresentationisthatittcndstomlooktb
variebility botween and within replicates, It was therefore decided to
calwlatothﬂmdianﬁlueforuchplatandthcntoobtainthamof
the values thus determined; this final median walue was thus the value for
that particular treatrent, The adventage of the median is that it does not
weigh on wmsual extreme results too heavily.

A complete record of pPF readings over the whole period, the median
valuesforeadxplotanﬁforoaohtmtmontmslminApponﬁvalz.

Fig.?shwsﬁ:ocanbimdyqﬂxdth-mctGploufar

irrigated and non-irrigated treatments for 6 inch depth, and Fig, 8 shows
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the appropriate data for 36 inch denth, Values in the insensitive zones
MprF&%mﬁgreaterthankZOmmtabmonwaleatﬂmmctwalm,
but are plotted as 2,90 and 4, 20 respectively, These figures are included
to illustrate the nature of the graphs obtained using the median ¥ walues;
the smoothness of the curves, particularly in the noneirrigated treatments,
indioate that this method can be applied satisfectorily to express the general
trend in the chang.s of pF in the soil. In the irrigated treatments, however,
mmm&pmafmamtham,muibly&ntoﬁrfemm
time and amount of irrigation, uneven distribution and penstration of water
or uneven drying of the 80il by the lucerne roots, The oonsistenoy of the
results fram each plot is snch that each median pF velue is supported by the
reading before and after, and the smoothness of ench curve survorts the use
ot the median values,
(p) Caloulation of Moisture Percentage fram pF date

In order to calculate the totsl amount of water used by the crop,
the total amount of wster stored in the soil, how mich was saveilable to plants
or how ruch water should be arplied to the soil to reise it to its fleld
capacity, it was necessery to convert pF walues to maisture percentege. The
conversaion wes easily obtainsd from the different pP-moisture content curve
for different depths, There was little difficulty in comverting pF of those
blocks to moisture content whose values were within the sensitive renge,
i.e, from pF 2,9 to 4.2, but it was, however, more difficult to calculate ths
moisture content far those blocks whose pF wvalues at the partioular time were
below pF 2,9, The tension range of pF 2,0 to 2,9 ocovered almoat half of the

moisture rangs between field capacity and wilting peroentage, for nearly all
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the soil depths concerned in this experiment. For example, the difference
in moisture content between pF 2,0 to 2.9 for the depths of 6, 12, 2k, 36,

48 and 60 inches wes 7.2, 7.5, 6.0, 5.0, 45 and 3.5 per cent. respectively
snd between pF 2,0 to 4,2 was 146, 15.1, 10,1, 10,0, 8.8, 7.1 per cent.,
respectively, Similarly, Richards and ‘eaver (1944) concluded that the
tension range of O to 0,85 atmospheres covered about half the moisture ocontent
range betweon field ocapacity and the wilting percentage. The amount of water
between pF 2,0 and 2,9 was probably very important, jarticularly when the
total amount of water used or stored in the s0il was calculated, 1t is
likely to be most important from the point of view of the total available
water,

In another study (Butler and Presocott 1955) it was assumed that
at velues of less than pP 2,9 the so0il is at field capacity. It will be
clear lster that this would lead to srrors and that faulty conclusions might
be drawn from such assumptions,

T™he insensitivity of the blocks below pF 2,9 pressnted serious
problems when it was proposed to express results in terms of moisture
percentage, Even if the mean moisture content between pF 2.0 and 2,9 was
taken, the error would be considerable, For example, the moisture content
for 6 inch depth soil at pF 2,0 to 2,9 is 21.2 and 140 per cent, respectively.
The mean of the two would be 17.6 per cent, i.e, % 3.6 per cent. Sinoe
3,6 per cent, covered sbout 17 per cent, of the total available water for
the 6 inch depth, the procedure resulted in a discrepancy of considersble
magnituds which could not be overlooked. Finally, the method described

helow was adopted for caloulating the probable moisture content of the soil
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vwhere the btlocks indicated the values of pF of less than 2,9, All pP
values of ssnsitive blocks (i.e, those >2,9) given in Appendices Bi and Bp
were converted to moisture percentage by refexring to the pF-moisture content
curve for the depths concerned,

In a plot in which ons or two or all of thes three blocks were
within the insensitive range (i.,e, those <2,9), it sould be asmumed that
the mean moisture percentage of these blocks would always be within the
two values, In other words, the moisture content of thess blocks would be
elther at fleld capacity or at the moisture content at the value of pF 2,9
or sanswhere between those two wanlues, particularly when readings were
taken after two or three days of irrigation,

¥ith this assumption the missing values of gypsum blocks in
terms of modsture percentage were calculated in the following way:

(a) For the day concernsd the moisture percentages of all the sensitive
blocks were subtracted from or added to ths previous reading or the
following one for ths same blocks, This gave the general trend or slope
of the mean moisture content of the plot as well as of the wholes treatment,
This value is referred to as "slope walue®, In other words, this value
would give an indication of the magnitude of the expected decrease or
increase in water content in terms of modsture percentages over that
interval of time,

(b} If the mean moisture content of this plot, by taking the moisture
peroentage at pF 2,0 >f ths blocks (i.e, those <2,9) was highar than the
value when subtractsd from or added to the slope valus of the same plot
from the previous reading, then the modsture perocentage at p¥ 2,0 was
used,
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(¢) If the mean moisture content of the plot, by taking the moisture
percentege at pF 2,9 of the blocks (i,e, those <2,9) was lower than the
value when subtracted fram or added to the slope value, then the maisture
percentage at pF 2,9 was used,

(@) If the mean moisture content of the plot, by taking the moisture
percentage at pF 2,9 of the blocks (i,e, those <2,9) was higher than the
volue when subtracted fram or added to the slope value of the same plot
from the previous reading, then the slope value was taken to represent the
mean molature percentage of that plot.

The moisture percentages oaslculated in this way are approximations
but may reascnably bs assumed to give a useful means for calculating the
total smount of water used and the amount of water required at each
irrigation, and all the calculations of water use were based on this
calculation, It is suggested that this might be a suitable method of
handling gypsum blocks when they are within insensitive range in similer
investigationa,

By way of example, the following calculations were made on the
6 inch depth data for an irrigated treatment for the day of 14th December
1954  One block of plot G (Appendix B1) gave a reading in the insensitive
range, i.e, below pF 2,9, Fram the slope value of 7th December, 3.1 per
cent, of moisture should be added to the mean moisture content of plot G
of 7th December to obtain the meen moisture content of this plot for 14th
December, It should be noted here that the values of two blocks (i.e.

those >2,9) of this plot were also taken into considerstion, If 3.1 per

ocent, was directly sdded to the mean moisture content of the wvalues of 7th
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Pecember which is 8,0 per cent, it would be 11,1 per cent, If the misaing
value was taken as at field capacity (i.e, at pF 2,0), the mean moisture
content beceme 15,1 per cent, and if it was teken as at the moisture ocontent
of the walues of pF at 2,9 then it became 12,7 per cent, Since 12,7 per
cent, would be the lowest possible under the circumstances and since it
was less than the slope wvalue of 11,1 per cent., 12,7 per cent, was then
taken to represent the mean moisture content of that plot for that time,

It should be noted, however, that not much difference was found to
the mean moisture content of all 18 blocks when considered as one umit, i.e,
vhen mean moisture content values for the whole treatrent vere smalgamated as
one, The mean moisture content for the whole treatient when considered only
for 5 plots (i.e. of 15 blocks) without considering plot G was 10,6 per cent,
But if the mean moisture content for plot G (i.e, of 18 blocks) wans taken as
12,7, then it became 11,0 per cent, If the moisture percentage of the two
blocks (i.e, those >2,9) of plot G (i,e, of 17 blocks) were also considered,
the mean moisture content becemec only 11,2 per ocent, The application of
this method under the conditions and limitations of the experiment appeared
to have little influence aon the mean moisture content for the whole
treatment,

(a) Water Use

The total amount of water used by the crop over a given time
interval depends on the weather, the stage of the growth of the plant, and
the amount of water avaeilable to plants throughout the root zone, If only
the upper part of the dry soil is wetted, losses by evaeporation are
increased and plant growth is more reduced than if the entire zone is

moistened,



60,

It is, therefore, highly desirable to apply enough water to molaten the root
zone without excessive loss by deep peroolation, and to estimate how much
water iz to be added to the crop it is nsoessary to know how muich has been
used or removed by the plant, The total amount of water used by the plants
will, however, also include the losses through evaporstion from the soil
surface, particularly iu non=irrignted plots,

The following assumed values of apperent density (Holmes private
commuication), for the different depths were used to calculate the volume
of water in inchess=-

Depth of aocil Apparent Density
(inches)

0-9 1,50

9 - 18 145

18 - 30 1.50

30 = 42 1,60
42 - 5 1.65

54 - 66 1.7

The moisture perocentage of soll expressed as percentage on dry
welght baais was converted into the volume of water in inches by the expressions

Px(AD) xD

100
Key to the symbols is given on pages 63, Ghe
Available water in any partiocular scil sample at each depth can be
caloulated when volume weight and thickness of the horison are known by the

expression:
120

Inches of available water =

oo (1)

Availsdble water in inches at any mament in time at each depth can be
calculated by the expression:
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(PO - Pl,,ao) x (AD) xD
100

B € £ 9

Anount of water in inches required at any time interval at each depth to
bring the soil back to fleld capacity can be calculated by the expression:

- PO) x (AD) x D
100

fi&o . e oo o (i44)

This amount is also equal to the deficit that has to be supplemented by
irrigation,

Amount of awvailable water stared in socil in inches from O = 66
inches can be celculated by using the expression (i) for each depth,
substituting the known walues tor Ad and D

s x g (kg x 1.5x9) + (Pypx 145 x9)

+(P,, x 1.50 x 12) + (P,)S x 1,60 x 12)

o
(Bg x 1,65 1 12) + (Pgy x .75 12)}

or (P6 x 0.135) + (P12 x 0,131) + (Pm_ x 0,180)

+ (p%x o.190)+(wa 0,200) + (PGOx G,210) v o o o o « (iV)

Total available water atored in inches from O « 66 inches at any
moment in time (t,) was calaulated by using the expression (ii) for each despth
by substituting the known walues for ADand D
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st = s { (P} x 1.5x9) + (B}, x 1.45 x 9)

+ (PY, x 1.50 x 12) + (P;G x 1,60 x 12)

+ (PZB x 1,65 x 12) + (Péo x1.75 x 12)}

1
or = (P6 x 0,135) + (P‘:Z x 0,131) + (P;J’ x 0,180)

. (19;6 x 0,190) + (PZB x 0.200)

T N

If total available water stored in inches at a second time (t4)
is Watq, then the amount of water taken fram the s0il over the tine
interval of t; to ¢4 will be given by the expression:

Wt:(‘ﬂsto-'Bt1) oa..o....o......(ﬁ)

Then for the irrigated plots the total water used over that

interval of time will be given by the expression:

Wi::Wt+R+I-.r.................(Vii)

For the non~irrigated plots the total water used over that
interval of time will be given by

Wn"Wt"’R-r-oo.ooooooo.ooooo(Vij-i)
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= Apparent Donsity (Volume weight)
= Depth of so0il in inches
Water oontent % on dry weight basis,
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Symbols Used (Continued)

Vs = Amount of available water stored in the soil (in,) frou 0-66 in, depth.

Wato = * ; » L] L] L » - v at tirne to
wst1 = L} L] ] L) ] L L] LJ ] - t‘]
Wt = Amount of water taxen frow the soil (in,) over the time interval from ¢, ~ t,

= (Weto - Wsty)
wi = Anount of water used (in,) in irrigated plots
= Wt+I+R=-1
Wn = Amount of water used (in,) in non-irrigated plots

2 Wt+Rearx

R = Rainfall (in.)

I = Irrigation (in,)
bl n M(in.)



65,

Using these velues of apparent density and the estimates of
available water (/i) obtained by the pressure membrane techrmique, the
caloulation of total avaeilable water stored using the expression (iv) to
66 inch depth gives the walue of 10,92 inches, If for the moisture
percantage for the wvalue of pF 2,0 and 42 are substituted the field capacity
estimated by the field sampling and the values obtained fram the sunflower
method, the total storsge becomes 10,335 inches, It is of interest to note
that total storage of the soil, although celoulated fram different techniques,
are in general sgreement,

The total available watexr stored on every occasion for each plot
was calculated by the expression (v) and the total water used over the time
interval by the expression (vii), Thus for ell six irrigated plots the
smount of water used was obtained separately., The mean of the six plots
was then taken to represent the water use for that treatment over that
intervel of time,

Water used for non-irrigated plots was also similarly calculated
for different plots using the expreasions (v) and (viii) and the mean wes
then taken to represent the water used by that treatment over that interval

of time,

(r) V¥ater Requirerent

The approximate amount of water required for every week for every
plot to bring the soil back to field capacity for the depth at that time
was estimated from the expression (iii), For a plot size of 43,3 x 35,0
feet the total water requirement (x) in inches (y) to a depth of 42 inches

would be equal to
x=yx80 gallona . . ... .0... (ix)
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Since same of the gypsum blocks had begun to dry out at the
dopths of 24 and 36 inches at the start of the experiment, and since the
blocks at 36 inches were taken to represent soil moisture content between
30 and 42 inches, the depth of root penetration may be assumed to be at
42 inches, Moreover, as the luocerne was only 61 days old it was thought
in this sail type, roots would not be below 42 inches,

Unfortunately it wae not possible to determine the depth of root
penetration at the beginming of the experiment, This approximate value
was considered sufficiently accurate for the purpose, having due regard to
the method of calculating the water requirement, However, on Jamuary 11th
1955, a trench of 4 x 3 x 6 feot was dug at the burder of plots A and F,
following the method for root excavation described by weaver (1926, p, 255),
On this occasion the roots in the irrigated plot A were found between the
depths of 52 and 56 inches, Subsequent water requirement was calculated
for a depth of 66 inches,

(s) Zrrigation

It was considered that for this type of experiment plastic
*Soakit! hoses would be most suitable for irrigating the lucerns,
particularly in view of the equal and even distribution of water and the
greatest possible reduction in runoff, as a result of the slow rate of
application,

The distributing unit used for watering the plots consisted of
three 1 inch diameter metal pipes, each 9 fest long, with three standard
gate valves placed at 3 feet apart, To control the amount of flow in the

distributing unit, a standard meter and a Standard gate valve were also
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vrovided at one end and the other end of the unit was sealed, This
d.stributing unit was connscted to the main distributing tap through a 50
foot length of rubber hose, This enabled the whole unit to be moved from
one plot to another and within the plot as desired without any dismuntling,
In this way the water flowing through the distributing unit and through the
Vioakit! hoses to the plot ocould be satisfactorily kept under control,

The 'Soakit' hoses were 50 feet long and 3 inch in diameter with
one end closed, They hed lines of amall holes punched in the top through
vwhich a jet of water emerged under pressure, The holes were so spaced that
the entire strip of ground was covered at ane setting and the flow of water
wes 80 regulated that a strip approxinately 5 to 6 feet wide was covered
in each application, ‘hen irrigating, the three 'Soakit' hoses were laid
out in such a way that they covered approxirately the whole plot. However,
vhen the lucerne was about 30 days old this setting had to be changed to
two dus to the height of the plants, Generally the time of watering was
arranged in such a way that three plots (A, B and D) were watered on Tuesday
and Thursday, and the other three (G, H and J) on Yednesdsy and Friday.

A close watch was kept on the plots while watering to avoid or minimise runoff,

Different rates of flow through the 'Soakit' hoses were maintained
for different plots due to differences in slopes, In order to keep runoff

to its minimmm, the faollowing rate of flow fur different plots was found

sat. .sfactory:-

Plot Rate of flow
(galls, /min, )

g ow e
apf s
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The spproximete smount of water cbtained from the expression (ix)
for different plots could not be applied due to low infiltration rate®,
quick runoff, time and other reasons, However, every week the meximum
poszible smount of water was applied to esch plot,

By the begimming of Jamusxry 1955, plants in the non-irziated
plots began to show indications of serious water shortage (photograph 4).
Since there was a oonsidersble risk of losing the lucerme stand, 1.5 inches
of water was given hy irrigatick to all the "nen-irrigated” plots on 14th,
15th and 16th Japuary 1955,

(t) Rumeff
In an irrigation experiment it is not how mach water is added that

is importsnt but how mich enters the soil, Baver (1956, p.i29) states that
the smount and velocity of runoff are dependent upom reinfall characteristics,
the slope and the aree of the land, and the ability of the soil to absarb amd
tronsmit water through profile, The smourt and velocity of runoff will be
largely determined by the amount and intensity of rain or irrigestion.

An estimete of runoff was mede in this investigation, although
precise methods ware not awailadls, Briefly, water wes collected in
a pit fed by e drainege charmel (Fig. 1) and was subsequently measured.
It was found that when the rate of flow was meintained as mentioned
serlier, no runoff cocurred at all, Water dbegins to runoff only

Infiltration rate at field capacity is approximately 0.50 in./hour
(Prescott, private cammmication),
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when the application of water exoeeds 400 gallons in one application, i,c,
about O, 5 acre-inches of water, If the smount of water applied exceeded this
amount at one application the runoff was approximately 20 per cent, The amount
of water applied was reduced by 20 per cent, in order to obtain a value for
the amount of water entering the soil when more than 0.5 inches has been
applied, This did not, however, harpen many times,

¥henever rainfall intensities were high no allowance for runoff was
made for the first 0,5 inches, but after that 20 per cent, reduction was made,
The previous soil moisturse content and the height and age of the plant were
taken into consideration befare this 20 per cent, reduction was made,
(u) Time of Cutting

In view of the productivity of lucerne, longevity of stand and the
nature of the experiment, it was decided to cut the lucerne campletely when
about 25 per cent, of the plants were flowering, It was also decided to have
two intermediate cuts between two complete cuts, For these cuts each plot
was divided into four egual blocks, each randamised into 12 quadrats of 25 sq,
links and each quadrat separated by a distance of 1 link, In every inter-
mediate cut ons quadrat from each block was removed, Four quadrats were token
from each plot, Intermediate cuts were arranged arbitrarily in such a way
that time intervals between each cut were approximately equal, Time of
cuttings (complete and intermediate) was different for the two treatments,
Thus in the irrigated plots there were three complete cuts and therefore six
additional intermsdiate cuts in the first year, and two complete cuts with
three intermediate cuts in the second ysar; in non-irrigated plots there
were four intermediate cuts or three camplete cuts or two complete cuts

in the second year (Fig, 8a).
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Fig. 8A, Diagram showing conduct of experiment.
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After the lucerne was given a camplete cut with an autoscythe 1 to
1% inches sbove ground level on 22nd November 1954, 0,50 inch irrigetion wes
given to ell the tuelve plots by sprinklers, This day was teken as the
beginning of the experiment, The lucerne was subsequently cut with a hedge
trimoer 1 to 1) inches above ground level, At camplete cuts = not at
the intermediate cuts - after the quadrats vere cut and the material removed
to the labarctories, the camplete plot was cut with an autascythe,

(v) Cuts
Cuts were carried out an the following days:=
(Irrigated Plots)
Canplete Intermediate Date Days after Days after
Cut Cut complete cut soring
First Year (1954~1955)

0 22,1145 0 61
(1 13,42, 54 24 82

(11 2741254 35 96

1 (448 10, 1055 50 111
(1 2y 1,55 % 125

(41 Te 2455 28 139

o (444 21, 2,55 h2 153
(2 9e 3455 16 169

(3 29, 3455 36 189

puet (111 18, 4e55 56 209

3econd Year (1955=1956)

0 7o 9.55 ) 350
(1 5¢10,55 28 378

(11 17.10,55 40 390

I (414 22,11,55 76 1426
(13 20,12,55 28 L5,

I (1 9. 156 48 L7

(Cont'a)
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(Continued)
(Non~irrigated Flots)
First year (1954=55)
0 22,11, 5 0 61
éi) 13,12, 54 21 82
I ii) 10, 1,55 50 111
i) 24 1.55% 14 125
i1) T 2.55 28 139
1i4) 21, 2,55 42 153
I (iv) 9. 3455 58 169
III (1) 18, 4u55 40 209
Second year (1955-1956)
0 7o 9455 0 350
(1) 5 10.55 28 578
(44) 17,10, 55 40 390
I (144) 22,1155 76 426
21) 20,12, 55 28 450
II ii) 9, 1,56 48 474
(w) Yield

In the present study it was conslidered that the most suitable way
to assess the velue of water use by the lucerne under irrigated and
non=irrigated conditions would be in terms of dry matter production, It
was also realised that the soil-water deficiency would be likely to have a
more retarding effect on vegetative growth than on the develomment of
reproductive organs,

Plot yislds were estimated by removing the herbsge fram four
quadrats, each 25 sq, links, The samples were collected separately fram
each quadrat and taken to the laboratory, These were then oven~dried at

80°C 4n o fores—draught oven for at least 13 hours and weigzhed, The mean
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dry weight of six plots was then teken to represent the yield of the treat:ents
and is expressed in hundredweight/acre,

(x) Plant Counts

Plant counts were taken on
(4) 612,195 %

(11) 22,4.1955, ond

(111) 19.1.56
to assess the effect of the treatments on the establishment and survival
of lucerns, (uadrats 4 square links in area were used, Total mumber
of lucerne plants and weeds per 4 square links were counted by throwing
quadrats randomly in the plots, Twenty throws per plot were used, The
mean of six plots was taken to represe:it the treatment and the results are

expressed as the mmber of plants per square link,



The
RESULTS
(a) Soil-Temperature Studies

Temperatures obtained fram the thermistors installed for correcting
the block resistance readings have been used to campare the different effects
of irrigation and natural rainfall on soil temperature, It will be remerbered
that temperature records had been cbtained for two plots only; plot C, a
non~irrigated plot, and plot G, an irrigated plot; these two plots have
been token as re resentative of the noneirrigated plots and irrigated plots
respectively, It should be noted, however, that 0,5 inches and 1,5 inches
of water were given by irrigation on non~irrigated plots on 22nd November
1954, and 14th, 15th and 16th Jamary 1955 respectively, Iuplicate
themistors were used for each depth in both plots.

Fig, 9 illustrates the general trends in temperatures in the two
treatments, Moan values of the two temperature readings at each depth based
on readings at intervals of approximately one week were used and plotted as
a function of time and depth and the isotherms are dramn for intervals of 2°C,
Values for the latter part of July and for the month of August and September
were not taken, and the anmsl record is consequently inounplete, Eince the
top 0-3 inches of soll is subjected to more fluctuations than deeper layers,
the isotherms are shown up to 3 inches of the soil surface; it would alearly
be inadvisable to extrapolate the isotherms to the soil surface, Similarly
it was considered lnadvisable to draw the isotherms below 66 inches, Since
the air temperature recorded at 9 a.-, (local tims) in the meteorological
observatory of the Institute (arproximately 100 yards from the experimental

site) was found to be arproximately equal to the mean tamperature of the
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day under Waite Institute conditions (Jenkinson, peirsonal cammurdcation),
the daily air temperature at 9 s.m, is taken to represent the air temperature
and is plotted amgeinst time, The amount of reinfall received and the
irrigation given are also shown,

For the sake of convemience the whole period has been divided into
First Year and Second Year. The First Year includes (a) Experimental Period
snd (b) Cbservational Period, The duration of the experimental period was
fram 22nd November 1954 to 19th April 1955. The main experiment was
conducted during this time, It should be noted that irrvigation was
terminated in plot G by 18th April 1955. The duration of the cbservetional
period was from 20th April 1955 to 12th July 1955, and during this time the
readings were taken only to follow the effect of winter rain on the
temperature distribution in soil, The period 5th October 1955 to 1Cth
Jamiary 1956 will be referred to as Second Year; during this period no
irrigation was given to any one of the plots and the lucerns was allowed
to extract water until all the available water was used down to a depth of
66 inches, For convenience the plots are still referred to as irrigated
and non=irrigated according to the treatments in the first year.

The graphic comparison of the two treatments in Fig, 9 shows
the temperature trend throughout the whole soil profile for the first and
second years, It also clearly indicates the masnitude of temperature
fluctuations in the two treatients during the experimental period, The
temperature increases progressively with increase in depth with time in

the non=irrigated plot while in the irrigated plot the increase is slow

and inconsistent., It also shows clearly that during the whole experimenta:
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period the irrigated plot was colder throughout the whole soil profile than
the non=irrigated plot,

The effect of winter rainfall in cooling the soil and thus
lowering the soil temperature progressively increases with time and depth
during the rainy season, The cooling effect of rainfall has been cbserved
by many workers (e.g. Bouyoucos 1913; Keen 1931; see also Baver 1956,
Pe383)e

Approximate scil temperature at depths of 6, 48 and 60 inches
and slightly different temperatwre at depths of 12, 2, ahd}Gindwain
both plots (Fig, 11 of 12,7,55) at the end of the first year suggest that
peroolation of rain water tends to equalise the temperature throughout the
soil profile in both plots, This effect of rain water has been cbserved by
meny investigators (see Crewford 1952), It should be noted, however,
that the soil temperature of non~irrigated plots still is higher than that
of irrigated plots at all depths except at 6, 48 and 60 inches, Although
irrigation had been discontinued throughout the winter months, at the
beginming of the second year, soil temperature of the plots which had
not been irrigated in the previous year, differed from the plot which

had besn previously irrigated,
Since the temperature differences between irrigated and non-

irrigated plots will be discussed in detail later, it is sufficient here
to mention that non-irrigated plots gave higher temperatures at nearly
all depths than the irrigated plots in the second year,
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(1) Temperature Gradients with Depths=  An examination of the

temperature data for ewery occasion will ensble a comparison to be mads of
the temperature gradient and differences at various dspths between the two
treatments in the present experiment, It would also eneble a ocamparison to
be made of the temperature gradient of the soil profile on consecutive
occaslons,

Actual temperatures used to draw isothemms for Fig, 9 have been
plotted ageinst each depth for each treatment, The date shown is that on
vhich the readings were taken, The temperature in both the treatments at
the start of the experiment (Fig, 10 for 22,11,1954) is approximately the
the same at 12 and 48 inches and not at 6, 24, 36 and 60 inches depth, a
discrepancy which is not easily understood. ‘he moisture content at
different depths at the start of the experiment (Table 3) indicates that
the differences may not be due to experin~ental error; tihs non-irrigated
plot has a higher moisture content at all deptns than the irrigated plot
except at 48 and 60 inches, and it is possible that modsture content may
have been the reason for a higher temperature, The average temperature
recorded at thess depths (Table 4) of the whole soil profile (6 to 60 inches)
on this day is approximately the same, The average temperature of the soil
profile from 6 to 60 inches and the air tempsrature (9 a,m,) are given in
Table &4,

By the beginning of December 1954 soil temperatures in the
irrigated plot began to differ from those of the non-irrigated plot, The
data (Fig, 10) for 7.12,54 clearly indicate that the soil profile down to
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Table 3

Average lloisture Content® at various depths in the

Non=irrigated and Irrigated Plots

on 22, 11,5/
Depth Non=Irrigated Irrigated
(in,)
6 1246 10,5
12 16,8 11.3
2k 23.7 23.5
36 26.9 25
48 b 2.7
60 20,3 20,5

* Expressed as percentages of oven-dry soil

RC

Table &

Soil Temperature of the Soil Profile
to 60 in.) at 10 a.m, (local time)

Date Temp, of the Ron~-Irrigated Irrigated
air 9 a.m,
(°c) (%) (°c)
1954
Nov, 22 15,0 15,9 15,8
26 21,8 18,1 17.5
Dec, 7 19,3 18,0 20,3
14 18,7 18,8 19,7
21 3.3 21,0 19.5
28 16, 6 20,9 18,6

(Contimed)
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Table 4 (Continued)

Dete i Temp, of the Hon=Irrigated Irrigated
! air 9 a.m, o o
| (o) (%) (%)

1955
Jan, &4 18,6 2.4 18,8
11 20,3 23,6 18,8
18 28,5 2361 20,2
26 33.8 25.3 20,4
Feb, 1 18,2 234 19.4
‘ 8 19.4 28 19.4
15 22,1 23,6 20,4
22 27.1 22,6 19.9
Mar, 1 22,9 22,6 18,9
8 17.8 21,2 17.8
15 15.3 20.8 173
22 25,6 22,6 18,3
30 19.1 21,0 17.3
Apr, 5 16,0 20,1 16. 3
12 26,7 20,6 17.2
19 14 18,2 15.4
26 15 16,5 1.2
May 3 12,9 15.9 b4
10 15.6 13.9 13,0
18 11.3 15.1 12,4
2 8.7 12,0 11.5
31 140 13.3 13,0
June 9 15,2 11,8 11.7
14 124 12,9 12,6
28 Tob 11.8 11.5
July 12 1.1 11.4 11.1
Oct, 5 21,3 13.9 13.2
14 21,1 13.8 13.5
18 13.8 13,6 13.5
21 17.2 14,2 13.8
25 129 14.3 14,0
Nov, 1 12,7 14,0 13.6
15 143 14,8 14,2
25 13¢5 16,0 15.5
Dec, 6 21,6 15,6 15,2
13 17.2 19.2 18.7
20 15.0 20,3 19.7
1956

Jan, 3 10.5 19.0 18,
10 20,7 22,5 2%.15

+
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48 inches in the irrigated plot has a higher temperature than the
non~-irrigated plot, This appears to be confirmed by the average temperature
of the whols profile (Table 4) but this situation appears to be only
tamporary, and on 21,12, 54 the noneirrigated plot has a higher temperature
than the irrigsted plot at all depths, The slope of the curve for 21,12, 54
indicates that the rise in temperature at the depths of 6, 12 and 24 inches
in the non~irrigated plot is greaster than the rise in temperature at the
depths of 6 and 12 inches in the irrigated plot, and there is a decreass in
temperature at 2k inches in the irxrrigated plot. The steep temperature
gradgient of the non-irrigated plot is very mariced on this day. The average
temperature of the soil profile (6 to 60 inches) of the nomeirrigated plot
on 21,12, 54 is slightly higher than that of the irrigated plot, and the
higher average tempsrature of the whole soil profile of the non~-irrigated
plot over that of the irrigsted plot is maintained throughout the experimental
period, The results sugrest that from 21,12, 54 more heat ie absorbed by
the s0il of the non~irrigated plot than by the sail of the irrigated plot.
From this time on thers is a tamperature gradient frum surfaoe soil downwards
in both treatments and the temperatures at the depths of 6, 12, 24, 36, 48
and 60 inches of non-irrigated soil are higher than the tampesratures of
the irrigated plot at 11 depths, Fig, 10 (fram 21,12, 54 ammards) indicates
that the direction of heat flow is downward in both plots,

The direction of heat flow of the non~irrigated plots appears to
be always changing in the top 12 inches suggesting that the top 12 inches
of soil is more affectsd by air temperature, It can be said that from

24 inches downwards there is a general tendency for heat to move dowmwards
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as indicated by Figs, 10 and 11 till 12,4,55, However, the data for 19.4.05
shows that the temperature gradient is in the opposite direction and seems
to0 be upwards,

The temperature of the top 24 inches is subjected to fluctuations
in the irrigated plot and the megnitude of fluctuations is higher in the
irrigated plot than in the non~irrigated plot, The direction of heat flow,
particularly in the top 24 inches, is very erratic, probably due to the
percolation of irrigation water, The slow increase in temperature at 36 inches
suggests that water did not ponetrate to that depth, The data for 19.4.55
indicate that there is a tendency for the tamperature gradient to became
estgblished from the bottom to the top. In other words, the direction of
the flow of heat is reversed, Iy the end of the experimental period,

(1.8, on 19.4,55), the highest soil temperature is at 48 inches, 1t scems
the temperature gradient from this depth is both upwards and downwards, At
the end of the experinent, the average temperature (Table 4) of the whole
soil profile was higher in the non-~irrigated plot than in the irrigated plot,

By the end of the first year (see the graph of 12,7.55) it appears
that the direction of heat flow is upwards, The average temperature
(Table 4) of the whole soil profile in both the plots on this day ia
aprroxdmately the same,

At the start of the second year (5.10,55) there is no temperature
gradient with depth in either treatment (Fig, 12); the average temperature
of the whole scil profile in both the plots is approximetely the same,

There does not seem to be any change in the direction of slops till 25th

October 1955, Fig. 11 of th.s day sugjests that there is a tendency
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of temperature gradient fram top to bottame  External envirorment seamns to
have changed the direction of temperature gradient of the top € inches on
13,12,55 while the tempersature gradient from 12 inches is downwards in both
the plots. On 10,1,56 (Fig, 12) the temperaturc gradient is steep and
downwerds. The average temperature of the whole so0il profile on this day
is approximately the same in both the plots,

(4i) Highest Temperature,= The significance of irrigation in
reducing the highest temperature reached at sach level in the soil is quite
considersble, as indicated in Table 5. A comparison of the highest
temperatures at various levels (Table 5) shows those of the irrigated plot
to be conaistently delow those of the noneirrigated plot, The temperature
differences between two trestments Cecreace with increase in depth, being
highest at 6 inches,

It is interesting to note that the soil oi the irrigated plot
has a higher moisture content (Table 5) at all depths than the
non~irrigated plot, It should be noted also that the irrigated plot was
covered with a dense vegetative growth of lucerne while on the non=irrigated
plot there was no cover at all, Attempts will be made later to discuss
the temperature differences in terms of moisture content differences and
vegetative cover,

(111) Lowest Tesperatures,- The effect of irrigation was to
produce lower temperatures in the irrigated plot than in the non~irrigated
plot at all depths, as indicated by Table 6, Although at all depths the
lowest temperatures during the experimental pexriod were recorded on the

same day, the tempexatures in the irrigated plot were oconsistently lower
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Table 5
The Highest Temperatures and Moisture Content

at wvarious depths at 10 a,m, (local tine)
in the Non-irrigated and Irrigated Plots

Experimental Period

Non-irrigated Ixrrigated
Depth . ¥oisture * §| T Moisture® PP T
(in.) (o5} o) o0y, )
6 31,2 8.2 23.9 8,0 6.6
23,6 W3
12 28.6 11,2 22,0 W 2 y AN
2, 26,3 19.9 22,8 22,4 19,9
36 2, 2 17.7 20,9 22,2 17.7
148 23,0 16,9 19,9 20,2 16,6
23,0 16,9
60 21,6 16,5 18,3 17.3 TN
21,7 15,5 18.4 17,2
21,7 15.5 18.5 17.2
21,7 15.3 18,8 17.2
21,5 U 9 18,8 17,4
21,5 14,7 18.7 17.
20,9 1, 7 . 18,7 17,1

* Expressed as peroentapges of oven-dry soil,
t PP, = Permsnent VWilting Percentage

than those in the non-irrigated plot. The average temperature (Table 4)
from 6 to 60 inches also indicates that the noneirrigated plot is warmer
thon ths irrigated plot.

It is interesting to note that on the day on which the lowest
temperatures were recorded in both treatments, the soil of the irrigated
plot has a higher moisture content (Table 6) at all depths, than that of

the non~irrigated plot,
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Table 6

The Lowest Temperatures and the Molsture Contents
at the seme date at various depths at 10 a.m,
in the Non=Irrigated and Irrigated Plots.

Experimental Perlod

NoumIrrigated Irrigated
th Temp, Date Date Moisture*®
(i) | (o) ()

6 16,1 19¢4+ 55 19.4e55 12,7
12 16,7 19,4 55 194+ 55 10.9
2 17.6 19.4.55 19.4.55 23.0
36 18,9 19.4+ 55 19.4455 21,6
48 19.9 19. 44 55 194455 2.3
60 19.8 194 55 1944 55 17.1

* Expressed as percentsges of oven~dry ;oi.l
(iv) Heat Penetration and lLoss.~ It has been suggested (Smith 1932)

that it is advisable to measure the temperature of the scil at depths below
48 inchss or more to show aocurately the total amount of heat absorbed by the
soil; records taken at Gepths less than 48 inches are less satisfactory, sinos
they are greatly affected by fluctuations in air temperatures, Ilience the
temperatures at 60 inches (maximu:. depth of study) were assumed to indicate
the total amount of heat absorbed by the soil.

The highest temperatures were recorded in both irrigated and
non=irrigated plots at 60 inch depth between 1st February and 15th March
1955 (Tabls 7). The effect of good vegetative cover in shading the soil

and thus preventing the ebsorption of solar radiation was quite noticeable as
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Table 7
Dates of Highest Temperatures at 10 a.m, (local tims)
at various depths in the Nonelrrigated and Irrigated Plots

Experimental Period

Highest Teamp. Highest Temp,
Depth oneIrrigated Irrigated
(in, ) Temp, Date Temp, Date
(oc) (°c)
|

6 31.2 26,1.55 2369 21,12, 54

23.6 18,1, 55

12 2,6 26,1455 22,0 26, 1,55
2 26,3 8.2,55 22,8 7.12.55
36 2y, 2 8.,2.55 20,9 145.12,54

48 23,0 142,55 19.9 1.3.55

23,0 8.2,55

60 21,6 1,255 Il 18,3 1.2,55

el 7 8,2,55 18. 4 8.2.55

2.7 1542, 55 18,5 15 2. 55

i, 22, 2,55 18,8 22,2, 55

215 10 3. 55 18.8 163455

2.5 843455 18,7 843455

0,7 154 34 55 18, 1503455

#

indiocated by the highest temperatures at 60 inch depth of irrigated plots,
The seme table also shows the dates at which the highest temperatures were
recorded in both the treatments at 60 inch depth, Sinos there was very
little change in temperature between ist Februsry and 15th March 1955, in
both treatments, it was very diffiocult to judge the exact tire at which the
highest temperatures were attained, It was not clear whether there was any

log in the time at which the two treatments reached the highest temperatures

at 60 inch depth, and four-weekly running means were used to smooth out
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the fluctuatione which are due to so many varying facturs and to obtain a
smooth curve, Fig. 13 shows these four weekly ruming means plotted as
a function of time, only curves for 6 and 60 inches being shown, air
tamperatures (9 e.m, ) shown are also based on four-weekly runming means,

A comperison of the curves for irrigated and non-irriganted plots
at the 60 inch dspth shows that the former lagged benind the latter by sbout
three weeks, Examination of the similarly drawn curves of non=irrigated
and irrigated soils for 12, 24, 36 and 4L8 inches indicates that the
irrignted soil at all deptis of 12, 2, 36 and 48 inches lagued about a
week behind the noneirrigeted soil, All these results indioate that the
delay in heat penetration in the irrigated plot is probably dus to the
dense vegetative cover of lucerne, The curve of 6 inches of non-irrigated
soil, however, points out that the non~irrigated soil lagged about a week
behind the irrigated soil, This rdght be due to irrigation on the
irrigated plot, Exemination of all the curves drawn for all depths
(6 and 60 inch only shown) indicates that the effect of irrigation and
vegetative cover not only resulted in the delay of heat penstration
(except at 6 inches) but also resulted, as mentioned earlisr, in reducing
the highest temperatures at all depths studied, It is clear from Pig, 14
that the time of oocurrence of highest temperatures in both plots at depths
ranging fram 6 to 60 inches is approximately a linear function of depth,
Smith (1932) also found that the time of ococurrence of the meximmn and
mimdmm soil temperatures in 1930, at depths ranging fram 1 foot to 12 feet,
was practically a linear function of depth,

It is of interest to note that the highest temperature recorded
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in the
at 6 inches depth / irrigated plot is lower than the highest temperature

recorded in 60 inches soil of non=irrigated plot (Fig. 13). This indicates
that the high vegetative cover and irrigation were more effective in reducing
the highest temperature than the 60 inches of so0il of the non=irrigatsd plot
in this experiment, It has been reported (Baver 1956, p,365; Schofield
1940) that the grass covered soil is more effective in reducing the rate

and depth of frost penetration than is the bare sail,

In both the treatments the lowest temperatures (Table 6) were
attained on the seme day during the experimental period, Irrigation and
vegetative cover reduced the lowest temperatures attained in ths present
experiment during the experircental period at all depths, In other words,
irrigation and vegetative cover did not affect the time of reaching the
lowest temperatures in the experimental period of this investigation, but
did affect the actual lowest temperature values attained,

(v) Soilepir T ture R 8.~ It is clear from Fig. 13
that from the start of the experiment the temperature at 6 inches in the
non~irrigated plot is consistently higher than the air temperature for the
greatest part of the experimental period, indicating that during this period
the direction of heat movement was upwards, It also appears that the 6 inch
soil temperaturs of the non~irrigated plot closely follows the air temperature,
suggesting that at this depth in this treatment the scile-air temperature
differences are greater at high soil temperatures than at low temperatures,
There is a steady increase in the 6 inch soil temperature of the non-irrigated
plot till the end of Jamuary 1955, but thereafter it tends to decrease.
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The dearcase in soil temperature keeps pace with the decrease in air
temperature, with the result that there is a decrease in soil-air temperature
difference, so that by the beginning of April 1955 there is virtually no
difference at all as indicated by Fig, 13. The air temperature then tends
to be higher than the soil temperature in the non=irrigated plot. This
tendency is maintained till the end of the first year.

For about tiree weaks from the start of the experiment the 6 inch
coil temperature of the irrigated plot, like the noneirrigated plot, is higher
than the air temperature and is also higher than the 6 inch soil temperature
of the non-irrigated plot. Thereafter, the 6 inch soil temperature of the
irrigated plot tends to decrease while the 6 inch scil temperature of the
non-irrigated plot tends to increase (Fig, 13). The 6 inch soil temperature
of the irrigated plot continued to decrease for about three weeks and then
increased with air te peraturs, This tendency lasted for about three weeks

nd was then followed by a constant dscrease, The 6 inch soll temperature
of the irrigated plot is lower than the air temperature throughout the
experimental period end, in fact, till the end of the first year, The
smoothness of the 6 inch scil temrerature curve of the irrigated plot, whether
decreasing or increasing, indicates that it is less subjected to fluctuations
of air temperaturcs than the 6 inch soil temperature of the non-irrigated plot.
The result tends to sugyest that irrigation and high vegetative cover iept

the 6 inch soil temperature of the irrigated plot always lower than the air
temperature in this investigation (first three wecks being an exception).

It is interesting to note that for about three weeks from the start

of the experiment the 6 inch soil of both plots had a higher temperature
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than the air temperature, Thereafter the non=irrigated plot had a higher
temperature while the irrigated plot had a lower temperature than the air
temperature, Since at the start of the experiment the lucerre was completely
cut, the field was virtually bare, ani the absenoce of cover might be the reason
for the 6 inch soil of both plots having a higher temperature than the air,
This lasts only for a few weeks, and after about three weeks the effect of
the treatment begins to appesr on the 6 inch soil temperature of both plots,
The temperature of the non~irrigated plot is higher then air temperature as
the shading of the soil by lucerns goes on decressing with time, while in
the irrigated plot the oconstant shading of the soil by actively growing
lucern¢ keeps the temperature low, with the result that the 6 inch soil
temperature of the irrigated plot never exceeds that of the air temperature,

At the start of the experiment the 60 inch soil temperature of
both plots was lower than the air temperature (Fig, 13). The 60 inch soil
temperature in the non~-irrigated plot tends to be lower than the air
temperature till the end of February 1955. Thereafter, the 60 inch soil
temperature of this plot exceeds air temperature till the end of the
experimental period, and in fact till the end of the first year,

Irrigation and high vegetative cover kept the 60 inch soil
temperature of the irrigated plot oconsistently lower than the air temperature
t111 the end of the experimental period, Thereafter, the 60 inch sail
temperature of this plot tends to be higher than the air temperature till
the end of the first year, It is of interest to note that at the end of
the first year the 60 inch soil temperature of both plots is approximately

the same, as indicated by Fig, 13.
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Exeminations of sinilarly drawn curves for the depths of 12,
24, 36 snd 48 inches (not shown) of both the treatrents suggest:

(a) The 12, 24, 36, and 48 inch soil temperatures of the non~
irrigated plot are lower than the air temperature for about 3., 5, 10 and
12 woeeks respectively, Thereafter the soil temperature at these different
depths is always higher than the air temperaturc till the end of the
experi ental period, and in fact till the end of the first year, 12 inch
being an exosption, After the experimental period the air temperature

is higher than the 12 inch soil tempersture till the end of the first
year. The difference in time taken by the soil temperature of 12, 24, 36
and 48 inches of non=irrigated plot to exceed the air temperature indicates
the dclay in heat penetration with depth, If this difference in time is
plotted against depth, it is seen that the time taken to exceed the air
tormerature is approximately a linear function of depth,

(b) The irrigation and high vegetative cover in the irrigated
plot keeps the soil temperature at 12, 24, 36 and 48 inches lower than
the air temperature throughout the experimental period, and in fact till
the end of the first year, 36 and 48 inches being an exception, The 36
and 48 inches of scil then tend to have higher temperatures than the air
taperature after the experimental period and are maintained till the

end of the first year,

(vi) Soil Temperature observation subseguent to fxperimental and
(bservational Periods [ Second Yearl - It is evident from

Fig. 13 that in the seocond year the 6 inch soil of both plots was at
approxinately the same temperature till the end of the inwvestigations,

However, the 60 inch soil of the nonmirrigated plot was consistently
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hisher than that of the irrigated plot except at the beginmdng, It has
already been mentioned that these curves drawn are based on four-weekly
running means,

Examinations of similarly drawn curves for 12, 24, 36 and 48 inches
(not shown) for both plots suggest:-

(1) At the beginmdng of the second year the 12, 24, and 36 inch
soils of non=irrigated plots were at higher temperatures than those of
irrigated plots, This tendency i maintained till the and cf the
investigation,

(2) Although at the beginning the tamperature differences of the
48 inch coil of both plots are irregular, later on the 48 inch suil of the
non=irrigated plot tends to be at a higher temperature with increasing
difference with time than in the irrigated plot.

The temperature data of all depths for all occasions of the second
year (Fig, 12) were subjscted to statistical analysis in an endeavour to
£4nd out whether the repetition of the experiment, under similar conditions,
vill oconsistently give differences of the seme order (or at least in the
sare direction),

The mean difference for the whole period and the standard error
of difference over the wiole period are given in Table 8, It is clear
from Table 8 =

(1) at 6 inches there is no significant difference in the mean
temperature of irrigated and non-irrigated plots over the whole period,

(2) The meen scil tempsratures of 12, 24 and 36 inches of



Mean Difference of Temperature (°C) and Standard Error

Table 8

of the Differsnce over Whole Period

Seoord year
Soil depth (in,) 6 12 2 36 48 (o)
e period for ® 0.13% | o84% | o7 % | 0.59% | 0,20% | o.u3 %
3tandard Error of difference
over whole period .15 °%¢ | %0.17 % | 20,13 % |0.28 °c | 20,13 % |Zo0.21 %
Level of Significance K. Se 0. 1% 0. 1% 5% N, Se 54

26



Table 9§

of the Difference over periods I and II for

48 and 60 inches

lean Difference of Temperature (OC) and Standasrd Error

Period I Period II
Soil Mean S K. Level of Mean S.E Level of |
I(bptl)x Difference Significance Difference Significance
in,
L8 0,06 % ¥ 0,18 % N, S, o.37 % ¥o20 % o
60 0.12 % 2o0.38 % N.S, Q.56 °c $o.25 % 54

*¢6
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non-irrigated plots are significantly (P = 0,001, 0,001 and 0,05) higher
than the mean temperature of the corresponding dspths in the irrigated plots,

(3) There is no significant difference in the mean temperature
of the s0il of 48 inches in irrigated and non=irrigated plots over the
vhole period, Examination of four-weekly runming means of temperature
of these two plots susgests that the temperature variation can be split
into two periods; one period (5.10,55 - 15,11,55) in which there are no
significant differences and the other period (after 25.11,55) in which
ths mean temperature of the noneirripgated plots is higher than the mean
temperature of the corresponding depth in the irrigated plots which would
be significant only at 7 per oent, level (Table 9).

(4) Similarly the data of the 60 inch sadl temperature of both
plots were examined, but it was found that there are no significant
differences in one period (5.10.55 = 21,10,55) and the other period
(after 25,10,55) the rean temperature of the noneirrigated plots is
significantly (P = ,05) higher than the msan temperature of the
corresponding depth in the irrigated plots (Table 9),

(b) Plant Counts
Examination of Table 10 suggests:

(1) Irrigated Plots
(1) Under constant irrigation the mmber of luocerne plants per

square link was reduced fram 6,5 to 4.3 (significant at P = 0,05).
(2) Under constant irr.gation for about 5 months the rammber

of w.eds per square link fell fram 0,83 to zero,



95.

Table 10

per square link

Nurber of Plants (Lucerne and ieeds)

Non-irrigated Plots

Irrigated Plots

ilots
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Lucerns  iieeds
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(11) Noneirrigated Plots

(1) The mmber of lucerns plants per square link is significantly
(¢ = 0,05) reduced from 5.7 to 3.1 in about five months,

(2) No reduction in the total muber of weeds per square link
could be found,

The data of 22,4, 55 indicate that there is no difference in the
number of lucerne plants per square link in irrigated and non~irrigeted
treatirents,

(1ii) Secound Year,= There is no significant difference between the
mmber of luocerne plants per square link in the irrigated and non~irrigated
plots at the end of the sscond year. It is of imterest to note that during
the second year there has beun oamplete suppression of weeds in the

non~irrigated plots, probably due tc adeguate moisture in winter,

(c) Soil-Moisture Tension Measurements
The general trend in soil moisture tension (pF) in non~irrigated

and irrigated treatments is presented in Fig, 15, Weekly median pF wvalues
of both treatments (Appendioces By and 82) have been plotted as a function
of depth and time, Fig. 15 shows isopleths of pP 2,90, 3.22, 3.59, 3.87
and 4, 20 respectively, Different types of hatching show the areas with
PP 2,90, 2,90=3,22, 3,22-3455, 3¢55~3.87, 3.87-4s 20 and >4, 20. The amount
of rainfall received and the irrigation given (arpropriate allowancs being
rnade for runoff) are also shown,

For the sake of convenientce the whole period has been divided into

#irst Year and Seoond Year, Ths first year includes (a) Experimental Period



SOIL DEPTH (FT)

| I T { | IRRIGATED ! { | ' !

( | \

\‘! \
‘NOVL F)ECA JAN. FEB. MAR. APR . h‘AAY‘ Jl‘JNE‘ JULY {«UG; SEPT. ocT. NOV I DEC, JAN,
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—_— | |] | . 1R M == B L]
RAINFALL LY TION IRRIGATION COMPLETE INTERMEDIATE ofF <290 290-3.22 322-~355 3155-387 387-420 >4 20
(IRRGATED) (NON - IRRIGATED) cut cut
Fig. 15, Changes in soil - moisture tension under irrigated and non-irrigated

lucerne.
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and (b) Observational reriod, The duration of the experimental reriod was
fram 22nd November 1954 to 19th April 1955, during which time the main
experiment was conducted, It should be noted that irrigstion was
terminated in irrigated plots by 18th April 1955, It should also be noted,
however, that 0,5 inches and 1,5 inches of water were given by irrigation
on non-irrigated plots on the 22nd November 1954 and on 14th, 15th and
16th Jermary 1955 respectively, The duration of the cbservational period
was fram 20th April 1555 to 7th Septamber 1955 and during this time the
readings were taken only to follow the depth of penetration of winter
rainfall, The period 7th September 1955 to 10th Jamuary 1956 will be
referred to as Second Year; during this period no irrigation was given to
any of the plots and the lucerne was allowed to extract water until all
aveilable water was used down to a depth of 66 inchss, For convenience
the plots are still referred to as irrigated and noneirrigated according
to the treatments in the first year,

In order to indicate the probable effects of rain and irrigation
on the changes of the pF of the soil water at different depths in both
treatments, the following assumptions were taken into oonsideratiom in
preparing the diagram (Fig. 15).

(1) Thewe will always be a definite line of demarcation between
dry and wet soll when water is added to the soil,

(2) The wotting front will move with depth and time depending on
the amount and duration of rain or irrigation,

(3) The decrease in pF of the soil water at a ocertain depth
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denutes that the water must have infiltrated at least to that depth and
that the pF of the soil watexr of the whole profile including the surface
layer must have been at cne stage at less then 2,90,

(4) If the smount of water added by rain or irrigation (a' propriate
allowence being made for runoff) and the initial moisture ocontent of the
s80il of the different harizons is known, the appropriate depth of
penetration of water can be obiained,

(5) Knowing the depth of pemetration of water, it appears safe to
assume that for ans or two deys, depending upcn the Guration and qusntity
of rain or irrigstion, the pF of tha sail water of the whole profile to
that depth would be less than 2, 90,

The graphic comparison of the two treatments in Pig, 15 shows
the changes in ths pF of the soil water throughout the whols soil profile
for first and mecond years, The pF of the soil water increases
progreasively with incresse in depth with time in the non~irrigated plots,
while in the irrigated plots the inorease is slow and inconsistent., Sinos
it is reasonably well established thut the extent to which moisture is
removed from the soll depends lsrgely on the concentration of roots in
the soil (Aldrich, Work and Lowis 1935; Veilmoyer and Hendricksom 1938),
it may be asmmed that the slopes of isopleths of different pP give
a qualitative indiocation of the distribution of active roots, It also
shows clearly that during the wholes experimental period the pF of the soil
water throughout the whole profile in the irrigated plots is never greater
than 4, 20, while in the non~irrigated plots the pF of the soil water is
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greater than 4, 20 for the :ost part of the experimental period,

Fig, 15 also demonstrates that the weekly irrigation could not
maintain the pP of the s0il water of the whole profile at ax below 2,90,
It is seen that undsr the scil type and the crop studied it wus possible
to maintain only the top 2} feet and this was also only partially achieved,

The effect of winter rain in lowering the pP of the soil water
at different depths progressively increnses with time and depth, It may
be seen that at the opening of the season the response of 1 and 2 foot depth
levals in both treatents is very rardd, There seerms to be & considsrable
delay before tha wetting front reached the 4 and 5 foot lewels, This
dslsy will, however, depend on the amount of rainfall, initial moisture
content of the soil, thidmess of the plant cover and availability of
vater for downward movement as well as on the permeability of the soil,
Altchison and Holmes (1953) sus;ested that during an average winter season
in Adeslside the € foot level profile becames wet about four months after
the first substantial falls of rain, However, the wetting front (Fig, 15)
roached 5; feet about two months after the first fall of rain (i.e, mid-
July 1955) in this experiment, This is probably due to an unusually wet
winter, 15.36 inches being recorded in May, June and July.

The pF of the soil water throughout the whole profile was less
than 2,90 till the beginning of Cctober. Fram then, the pF continues to
increase throughout the whole profile, At the end of December 1355
the pF of the s0il water of the whole profile is greater than 4,20 and so0
remains til1 the end of the experimental period (i.e. 10.1.56) in both
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treatments,
Exsmination of Plg, 15 sugrestss
(1) Non-irrigated Plotg

(1) At the start of the experiment the pF of the soil water of
the whole profile is not umiform; in the top 3 feet it is greater than
2,90 while at 3-5} feet it is less than 2,90,

(2) The stesp drop of isopleths of 3,87 at the depth of the
top 1 foot in the begiming of Deocember 1954 indicates that the extraction
of water by the plants was probably greatest at that time, The isopleths
of 2,90, 3,22 and 3,55 show a steady slope indicating that the plants were
extracting water probably at a wxiform rate,

(3) By the end of December 1954 the pF of the soil water at all
depths was greater than 2,90, indicating that the active roots are
extracting water from deeper horizons, Conrad and Veihmeyer (1929) also
concluded that moisture is absorbed fram progressively expanding sones
if there is no material addition of moisture during the season, During
this time the pF of the scil water of the top 2} feet is greater than 4 20,

(4) By the beginming of Jamuary 1955, the pF of the soil water
of the top 2) feet is greater than 4,20 while at the lower depths it is
less than 4,20, It is of interest to note the sudden vertical drop in
the isopleths of 3,22, 355 and 3.87 indlcating that the demend for water
fran lover depths beceme more severe as the available water in the top
2% fest was depleted.

(5) The 1,5 inches of irrigation given on 1Ath, 15th and 16th

Jamery 1955 lessened the damand for water fram the lower dspths as
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indicated by tho changing behavicur of the isopleths of 3,05, 3.87 and 4 20
which became almost horigontal, As soon as the 1,5 inches of irrigation
water was used by the lucerne, the isopleths of 3,55 and 3,87 changed
their horizontal pattern to the vertical, indicating that the plants were
again extracting water from the desper layers,

(6) By the beginning of February 1955 the pF of the soil water
in the top 3% feet was groeter than 4, 20 while deeper layers were still
less than &, 20,

(7) By the end of July the pF of the soil water at all depths
was less than 2,90 due to percolation of winter rain and ranained
practically unchanged till the beginning of October,

(8) The fact that the pF of the s0il water of the whole profile
from the end of July to the beginming of October remainsd practically
unchanged, suggests that during this period the water use by lucerns was
either equal to or less than the rainfall,

(41) Irrigated Plots

(1) At the outset of the experiment the pF of the soil water of
the top 3 feet was greater than 2,90 while that of 3-5; feet was less
than 2,90,

(2) Irrigation was sble to maintain the pF of the soil water
of the top 2} feet below 3,55 for most of the experimental period,

(3) The change in the pF of the soil water below 2} feet probably
indiocates the activities of roots below this layer, The parallel behaviour
of the isopleths of 3,22 end 3.55 gives a qualitative indication of the
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extraction of water along with depth and time,

(4) Trequent irrigatior at the surface eppears to lossen the
demand for watsr fras the dseper layers as indicated by the isopleths of -
2,90, 3,22 and 3,55,

(5) The lucerne rocts under the present expariment werc not able
to increase the pF of the soil water at 5; foot level above 3,22 during
the experimental period.

(6) The fact that the pF of the soil water at 5. feet depth
is reduced to 2,90 in about two months fram the outset of the experiment
and from 2,90 to 3,22 in about tlree months, indioates that under frequent
irrigation lucerne takes quite a considsrable time to misec the pP of the
s0il water fram less than 2,90 to 3, 22,

(7) A quick incresse in pP of the soil water of the top 2} feet
to 3.55 and even to 3,87 indicates that most of the absordbing roots are
present in this layer, During five ycars' studiss on the weter uptake
by alfalfa in an irrigation soil Bowen (1938) found that 77 per cent.
of totel water used was taken from the top 3 feet of soil, Under frequent
irrigation (*wst® or little moisture siress) alfalfa utilised 85 per cent.
of the total water used from the surface 4 feet of soil (Stanberry 1955)
and at that time the percentage of root distribution (by weight) to 3 feet
was 82,6 per oent,

(8) By the end of July 1955 ths pF of the poil water at all
depths was less than 2,90 due to percolation of winter rain snd remained
practicelly unchanged till the beginming of Octodber, sugresting that auring
this period the water use by lucerne was either equal toc or less than ths
rainfall,
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(1i1) sSecond Year.- The extraction of water by lucerne in both
non-irrigated and irrigated plots decreases with increase in depth and the
rate of extraction is ;xeatest in the top 1 or 2 feet, so that the availsble
water is first depleted from those layers as indicated by the differences
in the slopes of the isopleths of 2,90, 3,22, 3,45, 3,87 and 4,20 (Fig. 15).
The shift in the isopleth of 4,20 is probably due to intermittent rainfall,

The differences in the rate of extraction at different depths at
different pF can be explained in terms of perocentage of roct concentration at
different depths as well as in terms of differences in tho slopes of the
pF-moisture content curve, which are different for different depths,

An analysis of pF deta (Appendices B4y and Bp) for all plots at
all depths showed that there were slight differences in the final median
pF values of non-irrigated and irrigated plota, In spite of the alight
differences in the firal median pF values of non-irrigated and irrigated
plots, the variability among the plot velues is so great that the
differences are not stat.stically significant,

(d) Soil-Moisture Calculations

It has already been mentioned that all individual pF data were
converted to moisture percentage by the pF-moisture content ocurve
appropriate to the depth, Means of thuee walues for each depth were then
taken to represent the moisture status of that depth for the plot and the
mean of six plots was taken to represent the moisture status of the treatment.
As an example, Tables 1 and 2 (Appendix C) summarise the average
moisture content of two plots; plot B (irrigated) and plot C (non-irrigated)

with the dates and amount of rain and irrigation water applied (appropriate
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allowance being meds for runoff).

Mg, 16 shows the anproximate weekly waristicn in moisture content
of the whole profile in the nou=irrvigated and irrigated plots, Since the
changes in pF in both trestments have already been described, no attempt
will be mande to describe the changee in soil moictwre content,

(1) Total Availsble Wator Stored.,- Fig, 17 shows the trend in total

aveilable water stored (inches) from 0=66 inchos, sgainst time, in irrigated
plots, Each line indicates ths total available water stored (inches) to
that depth fraan the surface,

The methods used to caloulate the availsble water (inches) at
each depth and the total available water stored (inches) in the whole profile
have already buen described, Table 11 shows the mean moisture conteut (i)
and the available water (inches) between pF 2,00 and 420 at each depth,

The totnl availlable water stored, then
from 0°=9" is 1,97 {iiches)
o"-18" " 3% *
0%"=30% * 577 -
7.66 *

o™=y 2"
0%~54* " 9.42 .
o%=66" * 10,92 *

In Fig. 17 the scale of ordinate is so choscn that it represents
the total amount of aveilable water (inches) stored in the whole soil profile.
The lines of A5, A1g, Asg, 4,2, Asy, and AgG indicate the total aveilable
water stored (inches) from O=9, 0-18, 0-30, O=42, O-5k and O-66 inches

dspth respectively against time,
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Table 11

Mean Vater Content*® and Awvailable Water between
pP 2,00 and 4 20 at different depths

Depth of ater Content | Water Content| Available water | Available water
Soil at pF 2,00 at pP 4,20 Content betwoen | stored between
pF 2,00 and pF 2,00 and 4,20
4, 20

(in.) (%) (%) (%) (in.)
0-9 21,2 6.6 1 6 1,97
9-18 22,5 1.4 15.1 1.97

18-30 30,0 19.9 10,1 1.83

30=42 27,7 17.7 10,0 1.89

42=51 25.7 16.9 8.8 1,76

5h=66 21.5 U by 7.1 1. 50

shovm) 18t
(1)
(11)
(111)

(1v)
(v)
(v1)

* Expressed as perosntage of oven-dry soil

The purpose of presenting Fig, 17 (ixrigated plots only being

it in icates the history of availeble water stored

it indicates the amount of availeble water stored at each depth

it indicates the total avallable water stored for the whole

profile

narrowing of lines indicates the &rying of soil

widendng of lines indicates the wetting of soil

it is easy to follow the trend of available water stored in

any desired layer of the profile,
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(e) Ltfect of VWater Use on Dry Matter Production

For the sake of convenience the whole period has been divided into
First Year and Second Year, The duration of the first year was from
22nd iiovember 1954 to 19th April 1955, The main experirent wa: conducted
during this time, It should be noted that irrigation was terminated in
irrigated plots by i8th April 1955, The duration of the second year was
from 7th September 1955 to 10th Jamuary 1956, During this period no
irrigation was given to any one of the plots and the lucerne was allowed to
extract water until all the available water was used down to the depth of
66 inches, For coauvenience the plots are still referred to as irrigated
and non-irrigated according to the treatments in the first year.

Again, for convenience the first, seocond and third camplete cuts
of the firast year experiment will be referred to throughout as Harvest I,
I and IiT and the camplete cuts of the seocond year as Harvest IV and V
respectively for both treatments,

The cwmulative yield of dry matter of lucerns (owts per acre) and
cumlative water used” (inches per acre) of six irrigated plots end six
non-irrigated plots are given in Tables 12 and 13, These tables show the
average yield of each ulot, the average cumulative yleld of dry matter of
each treatment, and the amount of water added by rain and irrigation
(a:propriate allowance being made for runoff) for each :lot and treatment.
The date shown is the day on which the cuts were taken,

If the totel amount of water stored in the soil on any occasion
was greater than the total amount of water in the s0il of the previous

occasion, the increase in the amount was subtracted fram the total amount

*This includes plant transpiration, surface evaporation and perocolation
of water below sampling depths, if any.
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Table 12
Cumilative VYater Used (Inches/amg, and Cumulative Yield of Iry Matter
(Cwt. /acre

Irrigeted Plots
Harvest = I (23,11.1954 to 10,1,1955)

First Cutting (13,12, 54)

Plot A B D G H J Mean
a 0,5 5% 0,82 0,80 0,64 0,58 0, 64
D 1,53 1.53 1.53 1.53 1.53 1.53 1.53
¢ 0,81 2,68 1,63 1,21 1,67 1.79 1.63
d 2,8, 47 3,98 3.5 3.8 39 3. 80

Second Cutting (27,12, 54)
a 1,87 Jele2 135 11 3.39 3.62 2,63
P 0,00 0,00 0,00 0,00 0,00 0,00 0,00
(] 1.}9 -009}" 10’"\5 1091 "101‘" .008 0.‘00
a 610 7.19 678 7. 56 6,09 Te 2> 6,83

Tield 16,18 22,96 16,48 30,69 146 18,87 19.%%

Third Cutting (10.1.55)

3,10 1. 46 2,13 3. 76 2,89 1,80 2,52
0,05 0,05 0,05 0,05 G055 0,05 0,05
0,0 2,76 0,80 =0,19 0,41 1,02 0. 73

8.85 11,46 9,76 11.18 9,44k 10,10 10, 13
Tield 33,62 38,36 2698 43.35 25,67 27,61 32,60

™ oUp

- Irrigation water applied (inchos/acre)
Rein (inches)

= From the soil (inches)

« Cumilated Total of Water Used (inches/acre)

o6 0 9 P
|}
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Teble 12 (Cont'a)

Harvest =« II (14,1.55 to 21.2,55)

First Cutting (24 1.55)

Plot A B D G H J ¥ean
P 0, 0,00 G, 00 0,00 0,00 G, 00 0,00
c Ooab '0056 '0069 "1071 3o$ 1011 0042
d 3.2 243 3.06 3el3 3,68 2,98 3.15

Yield 9, 52 9,02 10,09 174 13,05 12,03 11,41

Second Cutting (7.2.55)

b 0,07 0,07 0,07 0,07 0,07 0,07 0,07
c 0032 0077 2035 1om -1057 0.01 0056
a

6,99 633 T7.13 6,56 648 572 6o Sht

Third Cutting (21.2,55)

a 0,00 0, 00 0, 00 0,00 0,00 0, 00 0,00
D 2 2,1 2 21 241k 214 2, 14
e 1.45 1,58 <0,10 1,06 1,67 0,57 1o Ol
d 10,58 10,05 9,17 973 10,29  8.43 9.72

Yield 37.15 3610 31,72 37.53 3429 3293 395



Flot

Yield

Yield

Yield

p oup A oop

a o

A
3.7
0,05

-1. 50
2,26
7.02

2,67
0. 11
-0. 29

&5
28, 94

0. 98
1.26
0,06

17.05
35.37
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Table 12 (Cont'd)

Hervest - IIT (22.2.55 to 18.455)

First Cutting (9.3.55)

B D G H
4o 2h 3.81 4352 3632
0, 05 0,05 0,05 0, 05
‘1077 '1017 "2011\8 '1092

2.52 2,69 1.89 1.45
9,57 8,99 10,04k 9,43

1.7 2, 6l 2,30 2,48
0. 114 0. 11 0, 11 0, 11
1.09 0.29 0. 26 0, 22

5 51 5073 456 U426
28,62 23,8t 3205 27,91

Third Cutting (18,4 55)

1.% 1.% 0095 10102
1,26 1.26 1. 26 1. 26
0.62 «0,15 1,08 =0,14

897 812 7.85 680
37,72 32,63 42,0h 31,79

J
4,91
0. 05

-10 65

3¢ 31
955

3¢35
0. 11

1ok

791
30. 51

2,26
1.26
0.09

11,52
37.87

Mean
4.05
0.05

-1 . 75

2.35
910

2,54
0, 11
O.45

Se k5
28, 64

1.“1
1,26
0. 26

8,38
36 2
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Table 13

Cumilative 7ater Used (Inches/acre), and Cumulative Yield of Dry Matter
(Cwt./Acre).

Non=Irrigated Plots

Harvest - I (2311.1954 to 10,1,1955)
First Cutting (13,12, 54)
Plot c E F I K L Moan

a Q5 0,5 0% o5 05 0,50 0. 50
b 153 153 1453 1,53 1.53 1.53 1.53
c 2,89 3588 1,47 2,30 1.8 1.58 233
d 492 5.9 3.50 433 3 3. 61 4 36
Yield 87 7.61 & 7.62 4LT5 &8 6.90
Second Cutting (10,1,55)
a 000. 000 000 G600 06,00 0,00 Q, 00
b 005 005 005 005 0,05 0,05 0,05
c 38, 1,72 360 1,6t 1,68 3k 2,65
4 8,81 7.8  7.15 599 5.6+ 7.10 7,06
Yield 16,67 13,71 13.48 849 517 7.3 10, 81
a - Irrigation water ai:lied (inches/ncre)
b - Rain (inches)
¢ = Fran the scil (inches)
d =~ Cumlated Total of Vater Used (inches/acre)
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Table 13 (Cont'd)

Harvest II (11,1.55 to 9.3.55)

First Cutting (2 1.55)

Flot C E F K . L Mean
a 1,50 1.50 1.50 1,50 1.50 1.50 1.50
b 0,00 0, 00 0,00 0,00 0, 00 0,00 0, 00
¢ =0,40 1.07 =0, 06 Q0,02 0. 42 -0, 28 0,13
d 1. 10 2. 57 1o dtds 1.52 1,92 1.22 1.63
Yield 1,82 2,220 5¢92 2,18 T 45 2.69 3.7

Second Cutting (7.2,55)

a 0,00 0, 00 0, 00 0,00 0. 00 0, 00 0, 00

b 0,07 0,07 0,07 0,07 0,07 0,07 0,07

c 1,05 0, 32 0,85 0, 79 0. 55 0. 73 0, 72

a 222 2,96 2,36 2,38 2. 54 2,02 2,42

Yield 4.83 5667 7o 7k 6.04 14,03 9. 69 8,00
Third Cutting (21.2,55)

a 0,00 0. 00 0, 00 0, 00 0. 00 0,00 0, 00

D 21 2,14 2,14 2,1 2,14 2,14 2,1

e 0,01 0,00 =0, 14 0,11  =0,02 0,02 0, 00

. Ny 510 4,36 4,63 4,66 4,18 456

Yield 9.5 13,93 20,36 1247 16,59  17.34 15,03
Fourth Cutting (9, 3.55)

b 0,05 0,05 0,05 0,05 0,05 0,05 0,05

e 0,16 0. 29 0.21  =0,05 0, 24 0, 28 0.19

a 458 Se laly 4,62 4,63 195 451 4,80

Yield 12,67 16,04 25.43 1271 .21 23,37 18,92
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Toble 13 (Cont'd)

llarvest III (10.3.55 to 138.4.52)

First Cutting (18.455)

rlot c E ¥ I K L Hoan

000 9,20 000 0,00 0,00 Q. 0,00
137 137 137 .37 .37 .37 1.537
027 <034k ~Got6  -0b9 0,25 0,31 -0.35

1,10 1,03 0,91 0.8 1.1 1,06 1,02
Hold LU0 &0 553 G433 602 603 251

a6 owp
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of water added by rain and irrigation to obtain the total amount of water
used by the luoerns during that interval of time, and the amount is given
in Tables 12 and 13 by negative (-) aign., If the total amount of water in
t:.6 s0il on the occaalon was lower than the total amount of water stored in
ths soil of the previous occasion, the decrease in the amount was added to
the amount of rain and irrigation to get the total amount of water used by
lucerne during that interval of time,

It has already heen mentioned that even quantities of water could
not be applied to all aix irrigated plots, It is apparent fram Table 12
that this resulted in uneven amounts of water being taken from the soil or
added to the soil,

Sinoce no record of water use and production of dry matter was
obtained immediately before the start of the harvest, it has beon assumed
that at the beginming of ewery harvest the dry matter production and water
uss are arproximately sero, This has been done on the assumption that in
the absence of water use, there is no dry matter production, This
assumption may not be true in the strict sense but it was thought that even
if small amounts of water were used and dry matter production occurred at
the outset of each harvest, such amounts would not be great enough to alter
the slope of tha curve for that harvest, This has been assumed for all
harvests in both the trestments for both years,

(1) Irxigated Plots,~ Mean cumlative curves showing the relation
between dry matter production and water use for harwests I, II and III are
given in Figs, 18, 19 and 20, Cumilative yisld of Aary matter has been

plotted against the cumilative water use for each plot and for each cutting,



HARVEST — I (IRRIGATED)

[ON ]
40—
[ON :]
O A
w o6
6 30—
<
S
3z OJ
) o}
| OH
x -
s
= [-I¢ ]
<
2
>
g 20—
[« IV}
w
@]
S A®D
w
> ®H
w +
2
.
35
2 @G
g 10— Y FIRST CUTTING
O e SECOND CUTTING
D 0 THIRD CUTTING
H
[ I}
[ + DERIVED FROM YIELD:TIME,
- A WATER USED :TIME RELATIONSHIPS
+
0o 1 l |
@] 5 10 {5

CUMULATIVE WATER USED — IN/ACRE

Fig. 18, Relation between cumilative yield of dry matter (cwt/acre)
and cumulative amount of water used (in./acre) in irrigated
plots - Harvest I,



HARVEST — II (iRRIGATED)

40—
60 a0
B
-
OH
J O
D
Bdy g ©
J 30—
a
V)
«
S
z
[©)
I — H
W
-
— J AD
«
p3
>
20—
o
fa) oo
uw
(0]
a
@
-
> [
s H
[
< JO
-
=)
S 10— O.DA ® FRST CUTTING
3 B @ ®  SECOND CUTTING
0] THIRD CUTTING
+ DERIVED FROM YIELD:TIME,
- WATER USED :TIME RELATIONSHIPS
+
fo) 1 l |
©) 5 10 )

CUMULATIVE WATER USED — IN./ACRE
Fig. 19. Relation between cumulative yield of dry matter (cwt/acre)
and cumilative amount of water used (in./acre) in irrigated
plots - Harvest II.



HARVEST —I0 (IRRIGATED)

[0
40—
o)} J
+
- A O
+
)
(¢ W O H ©
w
< 301 2
<
~ A0 4
= OH
z
@]
|
o
w
»— @0
’_
<
>
>
ax 20p—
fa)
w
O
fa
_4
w
> -
w
>
’_
<
5
% 10— GO, °. ® FIRST CUTTING
O He ® D @  SECOND CUTTING
O THIRD CUTTING
® A
+ DERIVED FROM “IELD:TIME,
- WATER USED :TIME RELATIONSHIPS
+
o l 1 1
O 5 10 15

CUMULATIVE WATER USED ~ IN/ACRE
Fig., 20, Relation between cumlative yield of dry matter (cwt/acre) and
cumilative amount of water used (in,/acre) in irrigated plots -
Harvest II1I,



11l

To show the general cuve of each plot in relation to dry matter production
and water use, individual plots are indicated in the diagram. Thia ensbles
a carparison to be made of the cwmmulative water-yicld curve of individual
plots with the msan curve,

In order to obtain the approximate relation between cumilative
Yield of dry matter and cumulative water use between cuttings, dry matter and
weter used ourves were each drawn against time, Frun these curves
a proximately weekly values of yield of dry matter and water use were cbtained,
One or two values (depending upon the duration of the autting) betwsen each
cutting are shown in Figs, 18, 19 and 20, These derived velues appear to
fit reasocnably well, Examination of Figs, 18, 19 and 20 sugpests that:-

(1) As might be expected, as the cwuletive water supply increascs,
80 too do the cumilative yield of dry matter and the quantity of water used,
The increase is slow at the outset of esch harvest, then increasing very
rapidly and finally gradually dscreasing,

(2) Relatively high and contimxus moisture supply is comducive
to the production of &ry matter, Similar results have besn reported by
many workers (e.g. Beckett and iunshee 1932; Schwalen and Wharton 1530; and
see also Richards and Wadleigh 1952),

(3) The differences in the ascending and desocending portions of
the curves of the three harvests sugpest that sone other factors dexides
water supply and usc were controlling the rate of growth,

(4) All the three curves of the three harvests start with different
slopes and remain slightly different from each other; however, all the

curves appear to extrapolate to the same point, suggesting that in all
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the harvests the maximum production will be the same indspendent of the
amount of water used,

Hervest I

Plots D, H and J all indicate a genaral relationship and all data
seam to lie on the same curve sug esting that their rate of water use and
rate of dry matter production are similar, On the other hand, plot G
shows a consistently higher yleld and lower watar use than the othsr five
plots, Plots 4 and B show an irregular relationship between water use and

dry matter production,

Haxvept II
All plots show increasing dry matter prodnction with increasing

water use, Plot D gave alightly lower yield only im tie sscond cutting,
The points of plots B and G follow the zame path of curve showing ldgher
production of dry matter and less water use than the remaining four plots,

Harvest III

*lots B end G still show higher production of dry matter and less
water use than the other four, Four of the plots show a steady decrease
in the production of dry matter in the third cutting, plots D and J belng
the sxoceptions,

It is evident fram Table 12 and Figs, 18, 19 and 20 that plot G
always gave higher yields with smaller amounts of water used compared with
other plots, It is suggested that a possible reason for this discrepancy
might be that plot G was almost flat, resulting in more ewven distribution

of watex,
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From the inspection of curves (Figs, 18, 19 and 20) it is clear
that the relation between cumulative water use and cumulative yield of dry
mat er is not unique, Since curulative water used or total water loss
fram Jactively growing lucerne ficld is approximately the transpiration loss
(assuming that surface evaporation is negligible campared with plant
transpiration), any external factors that will influence transpiration will
also affect the water loss, There is a strong indication that when water—
supply is non-limiting, (as may be assumed here), the trenspiration loss or
water loss is mostly influenced by weather (Pemman 1956; Schofield and
Perman 1948; Schofield 1950, 1952; and Thernthwaite 1948), Since
envirommental factors will be disocussed in detail later, it is sufficient
+0 mention here that the dif.erences in slope of ths curves could be
expleined in terms of those factors,

(11) Non-irrigated Plots,- The relation between the amount of water
used and dry matter production is shown as a mean amsulative curve in Fig, 21
for harvest:I and II, Since harvest III hed only one cut, no curve is
shown, Approximately weekly values of cumilative yleld of dry matter and
cuwmlative water used were similarly obtained as in irrigated plots and
are shown in Fig, 21,

In harvest I the yield of dry matter increases as the amount of
water use increases, but as the effect of water atress was visible by the
beginming of the sscond autting, only two cuts were taken, The serious
wilting and drooping of leaves was uoted at the end of the second cutting,

The soil moisture tension diagram (Fig. 15) reveals that the pF of the soil

water from 0-30 inches and 30 to 60 inches was higher than 4, 20 and 2,90
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respectively et the end of the harvest, There is a defimite indication
that water loss by direct evaporation is contined to shallow depths and
losses from deeper laysrs are due to transpiration through the plants (Conrad
and Veihmeyer 1929; Veihmeyer 1927), Veihmeyer and Hendrickson (1938) have
even used the pattern of moisture extraction as an indication of the probable
root distribution, Similerly Stanberry (1955) reported that tho roistre
extraction pattern is an indication of root activity and the moisture loss
in the various horisons defines the active root zone, Ilie further remarks
there that the sone of moisture extraction is roughly proportional to the
distribution of the alfalfa roots when the moisture held at the root zone

is at the same tension, Ths increase in s0il moisture tension (Fig. 15)
down to the depth of 66 inches, therefore, can bs taken as an indication

of the presence of active lucerne roots, Unfortunately it was not possible
at that tims to determine the depth of root penetration in the noneirrigated
plot, However, in the irrignted plot (A) the roots were found to be
somewhere between 52 and 56 inches on 11th January 1955,

Serious wilting and drooping of leaves were noted even when pF of
the s0il water below 30 inches was higher than 2,90, This suggests that
under the soil type and crop studied water is not equally available over
the range from field capacity to permanent wilting percentage, This
supports the hypothesis (Richards and Wadleigh 1952) that the rate of
vegetative growth is reduced as soil-moisture stress is increased in the
moisture content rangs from field ocepacity to near the permanent wilting
pexcantage,

It has already been mentioned that at the out.et of harvest IT
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all non-irrigated plots were given 1,5"cf water on 14th, 15th and 16th
Jamuary 1955, The ocurve (Fig. 21) of harvest II shows a steady inarease
in Uie first outting, a steep increase in the second cutting, a gradual
decrease in the third cutting, and a very steep increase in the fourth
cutting,

The ascending cumilative curve indicates that between the first
and second cuttings, and between the third and fourth cuttings, lucerne was
gotting water fram deeper zones of the soil, As there were no gypsum blocks
belowéOindnstlwreismmrdtoindimtentcrbemgtalmnfran‘beper
layers than 66 inches, but the total amount of water used appears to be
underestimated,

The dlagram of soil moisture tensiom (Fig, 15) indicates that
at the beginning of harvest II the pF of the soil water down to the depth
of 60 inchos was 3,22, At the end of the second cutting the pF of the
501l water down to the depth of 42 inches was higher than 4,20 and in
between 42 and 66 inches was slightly lower than 4, 20, The serious
shortage of water is evident from the piotwre (photograph 5) taken just
before 2,14 inches of rain fell, The immediate effect of rain can be
visualised fram the picture (photograph 6) taken just before the third cutting,
The lucerne plants were then green and were sbout 9 inches high, The
increase in dry matter in the third cutting can partly be ascribed to the
raing 2,14 inches of rain was mostly used by the end of the third cutting,
The total available water stored at the end of the third cutting was 0,28
inches down to the depth of 66 inches,

The steep inorease in the curve from the third cutting to the
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fourth cutting is very unusual, It is suspected that the lucerne roots are
present below 66 inches, Exsmination of lucernse roots (photographs 7, 8
and 9) indicates that the roots were present to a depth of 86 inches on
29,4, 55, During five years' studies on the water uptake by alfalfa in an
irrigated soil, Bowen (1938) found that 97 per cent, of total water used
was taken fram the top 5 feet of scil and only 3 per cent from 6 feet depth,
Stamberry (1955) reported that alfalfa irrigated frequently ("wot® or little
modsture stress) utilised 27 per cent. of the available moisture from the
surface 48 inches of soll between irrigation and 85 per cent, of the total
water used came from the surfaocs 48 inches of soil, While alfalfa
irrigated infrequently (“dry®™ er appreciable moisture stress) used 80 per
cent, of the available maisture fram the surfacs 48 inches of soil and
72 per cent, of the total water used ceme from the surfacs 48 inches of
soil, [lfo literature sppears to be aveilable in which studies of water
use from different depths were made under similar conditions to this
investigation, It is suggested that to study lucerne under the soil type
and similar investigations, the soil-moisture tension running devioes should
be installed at depths exoseding 60 inches, Similar sugiestions had been
made by Richards and Wadleigh (1952).
(£) Efficiency of Water Use

It is evident from earlier results that the cumulative yield of
dry metter increases as the cumilative amount of water used increases,
However, the relation between ammlative yield of dry matter production and
camlative amount of water used fails to give:

(1) The smount of dry matter produced for each inch of water used

at each cutting or between cuttings or between harvests, and
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(2) The stage of growth at which the production of dry matter per
inch of water used was highest,

The efficiency of water use (e), here defined as the ratio of the
amount of dry matter produced to the amount of water used by the lucerns from
unit area in unlt time, may be used in the further exemination of these data,

The efficlency of water use for both treatments was calculated by

the expression:
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days respectively in Figs, 22 and 23,

In order to get more points and also finer intervals Y,t (yield sgainst
time) and W,t (water used against time) curves were drawn separately for each
harvest, The ratios Y/¥ were then obtained for 0=10, 10-20, 20¢30, 30-40 and
40=50 days respectively, These ratios were then graphed at 5, 15. 25, 35 and
45 days respectively (Figs, 22 and 23) and a smooth curve drawn fram these
derived valuss, The curve appears to fit reasonably well with the actual walues
obtained at each cutting, Similarly the efficicncy of water use for ell
harvests was calculated and are shown in Fig, 22 for irrigated ::iots and riy, 23



YIELD INCREMENT (CWT/ACRE)/IN,OF WATER USED

Fig. 22,

IRRIGATED

HARVEST —T

6 r HARVEST — Ir

8 HARVEST —TIL

DERIVED FROM VYIELD : TIME
WATER USED @ TIME
RELATIONSHIPS

ACTUAL CUTTING VALUES

O 1 1 1 —1 b

0] 10 20 30 40 50

DAYS AFTER INITIAL CUTTING

60

Efficiency of ‘ater Use for Harvests I, II & III.

(Irrigated Plots).



4 r NON - IRRIGATED
HARVEST [
2 -
o}
o 18
o HARVEST II
>
S
: 16
2
w
O
. 14}
r4
M
O 12+
<
~
(=
z
L
IO
(=
rd
w
2
w
3]
z 5
[a)
=
w
> 6k O  DERIVED FROM YIELD : TIME
WATER USED :@ TIME
RELATIONSHIPS
4 -
o [ ACTUAL CUTTING  VALUES
2 -
1 | J
o] 20 40 60

DAYS AFTER INITIAL CUTTING

Pig., 23. Efficiency of Water Use for Harvests I & II.
(Non=irrigated plots).



125.

for non=irrigated plots, Yield increment (cwt/acre) er inch of water
used has been plotted against time, The ordinate of the curve gives e, at
any timre t for the harvest concerned,

Key to the symbols is given on page 126,

‘(1) Irrigated Plots,- Examination of the curves in Fig, 22 sug est that:

(1) All three officiency of water use curves against tine show a
rapid increase at the beginming of the harvest pericd (harvest 1 being an
exception) and then increasing rapidly and finally . radually decreasing,

(2) The dissimilarity in slope of curves indicates that e is not
c.nstent and varics from cutting tc cutting, harvest to harvest, and varies
markedly with time (Tables 14 and 15),

(3) The differences in slope of the curves indicate that e is
controlled by some other factors and not by the total amount of water used,

The highest @ was recorded in harvest III, followed by harvests
II and I respectively (Teble 15), The lowest @ was also recorded in
harvest III, followed by harvests II and I respectively, It is of interest
to note that harvest III which recorded highest e also recorded lowest e,
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Table 14

Efficiengy of Water Use - acre inch of Viater Used

(Irrigated Plots)
Harvest 1 Harveat II : Harvest II1
Plet A B D G H J A B D G H J A B D G H J
Cutting 1 1.8k 1,31 2,06 3,05 2,01 1,68 f| 2,89 3.71 3,30 430 3.55 4o O | 3411 3.80 3,34 5.31 6,50 2,89
Cutting 2 336 6,78 2,96 1,95 3,00 3,70 }| 3.61 5.7 2,32 5,32 4 25 3,94 {18.80 6,37 4,88 8,24 6,58 4,56
Cutting 3 634 3,61 3,52 3,50 3,35 3,05

3.98 1,27 5,98 1,97 2,45 3.73 |1 2,80 2,63 3,69 3,04 1,53 2,04

Table Mean Values

Hq Hp H} Mean

C4 2,00 3. 62 415 3,26
C2 4,13 4,18 6. 58 4,96

c; 3088 30 25 2‘ m 3‘ z“
Mean 33 3.68 L bk 3.82

S.E. for the mean of cuttings = 2% 0,297
S.E. for the mesan of harvests = = 0,297

L2
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Analysis of Variancs
D, F, S. S, M S, V.R, S.L.

Total 53 149, 57

Plots 5 6.97 1.39 H, S,

Harvests 2 11,52 5. 76 3,62 X

Cuttings 2 35.36 17, 68 11.12 XXX

Haxrvests x

cuttings 4 31,99 8, 00 5.03 X
Variance ratios Harve%g and Cut are not significant
HxC HxC

Significant differences at % 1% Ou 1% levels
Among harvest x cutting means 1.47 1.97 259
Among harvest means 0,85 1.13 1.49
Among cutting meens 0, 8% 1.13 1.49
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Teble 15

Variation in Efficiency of ¥ater Use (cbtained from
(Mg, 22) with time (days) for different harvests

(Irrigated Plots)
Day Harvest I lHarvost II Haxvest 111
5 0. 70 27 2,50
10 1,90 4 50 515
15 330 490 645
20 4,10 4,68 6. 70
25 4 40 4. 30 6. 50
30 428 3.80 6,00
35 4,00 3.00 5. 30
40 3.85 22 4 50
W5 3.7 3. 10
50 3,60 1.80
55 O bd

Values of e for each plot, mean walues and significant diffexrences
are given in Table 14, It is clear from Table 14 that in this experiment
there were significant differences in e between the harvosts, and between
the auttings in harvests, This suggests that the high e recorded in
harvest II1 was pxobably dus to the greater quantity of watexr applied
(Table 16), This is contrery to the oconclusions reached by Richards and
Wadleigh (1952) that the yield of alfalfa per foot of irrigation water
applied is indspendent of the depth of water applied as irxrrigation,

An analysis of the variance ratio of barvests and harvest-cutting

interactions showed that the harvest-cutting interaction was insignificant
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oand henoe there is no evidence of real variation of efficiency among
harvests in general, Similarly no evidence of real variation of efficiency
among cuttings was in general found, These results are in accordance with
the views put forward by Richards and Wadleigh (1952), Similar conclusicns
wore reported by Scofield (1545) that no differencs in efficiency of water
use by alfalfa under different irrigations could be found,

Sinoes it has been found that there is no reason to expect a
goruine relation between water use snd dry matter production, no further
enalysis was attempted,

Table 16

Total Amount of Water Applied (Irrigation ¢ Rain)
in inches/acre

(Irrigated Plots)
Harvest Cutting Cutting Cutting Total
(1) (2) (3)
I 2,17 2,63 2,57 .37
1X 273 2,83 2,1k 7.7
I b 10 2,65 2,67 9.42
(11) Non-irrigated Plots,- The efficiency of water use of non-

irrigated plots (Fig, 23) is samewhat similer in trends to efficlency of
water use of irrigated plots (Fig. 22), The efficiency ¢f water used
tims ocurves for both harvests show an inorease at the beglrming, then a
rapld increase and finally a gradusl decreass, the fourth cutting of
harvest II being an exception,
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It has already been mentioned that serious wilting and drvoping
of leaves were noted at the end of harvest I, This probably resulted in
lower values of @ of harvest I campared with the valuas of e of irrigated plota
Similarly Kiesselbach (1916) reported that there was an increass in the water
requirement whenever soil moisture content approached wilting percentage
or above but this was associated with an even greater deareese in yield of
dry matter., The result of lower velues of e, however, does not oontradict
the hypothesis (Richerds and Wadleigh 1952) that soil moisture had little
effoct on @ as long as the molsture content is above the wilting percentage,

The high value of @ in harvest II indicates the effect of rsin
and irrigation, At the begimming of the harvest 1,5 inches of water was
given by irrigation and in the third cutting 2,14 inches of rain fell, The
similarity in e cwurve with similar curves for the irrigated plots suggests
that the o of lucerns under non~irrigsted conditions will be similar to
irrigated plots whenever water is epplied ecither by rain ar irrigation,

The stoep rise in the efficiency curve in the fourth cutting is
very Lrregular, It has already been discussed earlier that during this
time interwel it is suspected that water wns being used from dseper layers,
Henoce the value of the smount of water used during this time is lower than
it should be, resulting in a steep inorease in efficiengy of water use value,

Values of ¢ of each plot and mean values are given in Table 17,
Since the mmber of cuttings of each harvest was not wdform, no statistical

anslyses were pexrformed,



Table 17

Efficlency of Water Use = Gzﬁgm per inch of Water Used

(Non=irrigated Plots)

Haxrvest I

Rarvest I1 L Hervest II1
Plot C ) F I K L C E P I K L C E F I K L
Cutting 1 1077 1629 1,84 1,76 1021 1. Thfl 1.65 0.86 Uy11 1,43 3,88 2,20 [[4400 476 6,08 7,31 5,28 5,69
Cutting 2 2,05 3,45 1493 0,72 0,24 O, 308 2,69 8,90 1.98 Ly 49 10,61 8,75
Cutting 3 2,19 3.86 6,31 2,86 1,21 3,53
Cutting & 14,90 6,21 19.50 24,00 23,05 18,36

Table of Mean Values

Hy Hy s
C1 1,60 2,36 552
Ca 145 6. 2
O3 3433
C 17.67

41
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(4ii) Second Year,- Values of @ at each cutting of each ;lot and
mean values of irrigated and non=irrigated plots of harvests IV and V are
given in Table 18, It is seen that there are slight differences in the
moan values of e between irrigated and noneirrigated plots in the two harvests,
but those differences are not significant, However, the variability among
the values for each vlot is so great that the differences in the mean valuss
are not statistically si: mnificant,

Table 18

Efficiency of Water Use - Cwt/acre/In, of iiater Used

Harvest - IV
First Cutting
Irrigated Plots None- ted Flots
Plot Efficiency of Mean Plot Efficddency of Mean
Water Use fater Use
A 3,76 C 3040
B 4 50 E 4, 32
D 3. 61 3,87 F 3, 644 3,66
G 3.25 1 428
H 4,00 K 3.63
J 429 L 2,69
Second Cut
A 2,46 c 2.35
B 1.97 E 2.13
D Lo 11 2,82 F 1.43 194
G 433 I 1. 73
H 2,22 K 2,08
J 1.81 L 1.89
Third Cutting
A 1. 10 c 0, 61
B 0.38 E 0,06
D 0, 37 0,48 F 0,98 O, 47
G 0.35 I 0,36
H 0.33 K 0,08
J 0.55 L 0. 74

(Cont'q)
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Table 18 (Cont'd)

Hoxrvest « V
First Cutting
Irrigated Plots Non-irrigated Plots
Plot Efficiency of  Mean Plot Efficiency of Mean
Water Use Water Use

A 7. a’ C 5' 99
B 8,45 E 6,16
D 8,29 7. ¥ 6, 60 T.42
G 6o 42 I 10, 74
H 5.35 K 7.12
J 591 L 6. 11

Second Cut
A 10, 01 c 5 79
B 1.52 E 2.36
D 2.0 557 ¥ 4. 66 3,38
G 5.37 I 2.17
H 4o 31 K 272
J 10, 22 L 2,60

(g) PFactors affecting Water Use®
It has already been mentioned that weekly W data for successive

periods of one week were available in both irrigated and non-irrigated
treatients, For exsmining envirommental asnd other factors affecting W
weekly valuss of W (inches/day) are used whenewer possible, while for the
factors affecting dry matter production values for each cutting (cwt/acre/day)
are used,

(1) Irrigated Plots,~ In order to determine the factors affecting
Wi*, the following were examined:

* The term Water Use (gensral) will be referred to as "W".,
. . ® * (irrigated plots) will be referred to as "Wi"

" « v * (non-irrigated plots) " . “ " oaype
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(1) Envirommental Conditions
(2) Mean Weight of Herbage Present
(1) Envirommental Conditions,- There is ample evidence to show

that when the supply of available water is non~limiting the transpiration
from the actively growing crop is primarily influenced by weather (Pemman 1956
Schofield and Pemman 1948; Schofield 1950, 1952; and Thornthwaite 1948),
The total amount of water used or the total water loss from an actively
growing lucerne fisld in this experiment is essumed to be approximately the
same as the transpiration loss (surface evaporation is assmmed to be
negligible campared with plent transpiration)., It is also oconsidered that
in the irrigated plots the supply of available water wes never limiting and
thet the lucerne was in a stage of active wvegetative growth and effectively
covering the soil,

In view of the probable dependence of water loss on weather
conditions, the following factors (Teble 1, Appendix D) were exsmined in
an attempt to obtain a quantitative relationshipie

(1) Solar Radiation,
(i1) Moan Air Temperature,
(144) Evaporation from a fres water surface,
(iv) sSaturation Deficit,
(v) Hours of sunshine,
(vi) Wind Speed,

(1) Solar Radiation,- In order to provide latent heat of
veaporisation there must be a contimaous supply of energy, At the same

time the removal of water vapour froam the evaporating area is 8180 essential
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It has been oug ected that when the stomata are fully open and the roots are
adequately sunplied witl watsr the amount of water transpired depends on the
extern:l suvply of energy (e.;. see Russell 1950, p,367; and Thornthwaite
1948).

Since evaporation or transpiration would cease if there were a
saturated layer of air sbove the evuporating surface, turbulence is an
imvortant factor in disturbing the vapour pressure gradient between the
surface of the vegetation or soil and the upper air, However, Schofield
and Perman (1948) reported that over an extended period turbulence is much
less important than sunshine in determining the total evaporation,

The close relation between transpiration and solar radiation
sug, ested an examination of the relation between the solar radiation and
the amount of Wi by lucerne in the present investigation, In the absence
of actual records of solar radiation empirical forrula had to be res.rted
to,to calculate the total amount of solar energy received. The mean amount
of solar radiation received (Adelaide - Lat, 35°S) was calculated by the
expression;

:

where R; = incoming short-wave radiation (equiv, mm/day)

R, (0,25 + 0.54 "/N) for southern Australia (Penman 1552)

R, = theoretical maximum incoming solar radiation (equiv. =m/day)

A
that would reach the earth in the absence of an atmosphere.
n = actual duration of bright sunshine

N = maximun possible duration of bright sunahine,
The smount of Wi ( as mn/day) has been piotted against Bg

(equiv. mm/day) and ere shown in Fig. 2 The correlation coefficient
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of Wi with R; is 0, 5030 which is siynificant only at 2 per cent. level,
Dus to a too great scatter of' points and the sbsence of values at lower
levels, a smooth curve could not be shown,

Notwithstandiig the poor relation between R and wi (Fig, 24)
there is anr indication that iucrecsing i by lucerne is associated with an
increase in the amount of R; received,

Since one of the most important effects of solar radiation upon
transpiration may be expected to operate through its influence on air
temperature and on leaf temperature, it is proposed to examine the effect
of air temperature on #i in conjunction with the effect of solar radiation
on watexr use,

(i) Mean Air lemperature,- It is clear from Fig. 25 that there
is a good relation between Wi and mean air temperature, Mean deily air
tanmperature (obtained from weekly maximan and weekly mimdmum) is plotted
against the mean Gaily Wi in inches (cbtained foom weekly values), The
date (Fig. 25) are very scattcred and there are too few at lower levels;
as a result it was difficult to draw a reasonable curve to fit the data,

Reasons for these discrepancies were then investigated, It was
thought that the total aveilsble water (amount of water stored in the soil
at the beginming of the period plus irrigstion and rain) in the soil might
be one of the most likely factors, Teble 2 (Appendix D) gives the Wi,
mean dally air temperature (°F), the total availeble water® and the analysis
of veriance, The analysis ui' variance shows that both the temperature

* This will be referred to as *Wa",
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and Va have highly significant effects (P <0,001) on Wi, Temperature alone
shows a highly significent effect (P €,001) on Vi by lucerne; while Wa
also gave a significant efiect (P <0,05) on Wi, Nevertheless it is clear
from Teble 2 (Appendix D) and Fig, 20 that there is also a relation between
the mean air temperature and Wa, a decrease in which is associated with a
fall in the mean air temperature, This suggests that the relation obtained
between Wi and Wa is, in fact, spurious, and results from the relation between
Wa and the mean air temperature, It is, however, spireciated that the rate
of transpiraticn decreascs as i'a decreaseg, No further analysias is possible
in the absence of more detailed data,

Fig. 26 shows the uopleuuorwa.(‘f?)-om/day) against the msan
air temperature (°F) and Wa (in.). The rogression equation

Z = 0,008 X = 0,336
where Z = Vater Use (in,/day) = Wi
X = Mean air temperature (°F)

is calculated on the assumption that in this experiment Wi is largely
dependent on mean air temperature and independent of Wa as already discussed
esarlier, In Fig, 25 a straight line is drawn based on the above equation.
If the straight line drawn in the above figure is taken as a carreot
representation of the relation between Wi and mean air temperature it shows
(within the range of Wi and temperature) thatwinthein-:@todplotan
a linsar function of mean air temperature,

Since ewveporation is directly proportiocnal to the vapour pressure
difference between leaf and alr, the positive relation between Wi and mean

air temperature can best be emplaimdintemaafdiﬁ‘emnooinvapmrprum
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(1ii) Fvaporation fra: a free water surface.- The finding of Briggs
and Shantz (1916b) that transpiration loss closely followed Veriations
in wet-buldb depression and evaporation fram a shallow tank, erphasised the
importance of the physical factors of enviromment on transpiration loss,
In order to assess the agricultural potential of any enviroment, efforts
have been made to predict the potential loss from a vegetated surfacc frum
a study of climatic data,

Prescott's (1949) index of rainfall efficiency enables the
prediction of water loss by evaporation and transpiration from a consideration
of the monthly loss from a free water surface, It is claimed that this is
more widely applicebls thon Trumble's ‘ranseau ratic of 1/3 for the break of
seascn and yet has the same virtue of simplicity., Frescott has shown that
water losses fram vegetated soils can be related to evaporation from a free-

water surface by the expressions

Btrjgy” = K
whare Ei. = monthly rate of eveporation (or evepo=
transpiration) fram a vegetated suxrface,
By = corresponding evaporation fram a free water
suface,
m and K = constants

Fram a mmber of considerations he gives the following velues for

K wvhen m is tuken as 0,75 ~
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For vegetation of low transpiration = 0,8

For wvegetation of average transpiration

and catcment arcas generally 102
For ndgh transpirations = 1,6
for rioce fields = 2.0

Butler (1951) reported that the regression equation relating
evopo~-transpiration to evaparation from a free water surface at the period
of maximm transpiration of wheat crop could be expressed as:

Ftxy, “‘w0° 75 = 1,67

In view of this relation betwesn evaporation and ewapo-transpiration
it is proposed to apply Prescott's formmla to the present data, Since the
Wi data were found to be inconsistent, no attempt has been mads to caloulate
the regression equation relating the evnpo-trenspiration (¥i in this experiment)
to evaporation from a free water maface, It was thought that under these
conditions it would be adviseble to take one factor as a comstant, and it
was decided to retain the value 0,75 of m,

Nevertheless the data show good correspondence with a Prescott-
type relation Egp = K Bx>* ° and a curve of this type was fitted to data
as shown in Mg, 27, The valus of K is 1,32 when the units for E4y and
Ey are in in /nonth respeciively, This value of K is slightly higher
than Prescott's value (1,2) for vegetation of aversge transpiration, The
relation betwoen Wi and Ey in this experiment has therefore the form of
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Wiox 1032 B PP

or log Wi = 0,75 log By + 0,121
where Wi = Vater used by lucerne (in,/month)
Epx = Evaporation fran a free water surface (in,/month)

(iv) Saturation Deficit.- For Australian records, Patton (1930)
and Prescott (193%a, have shown that evaporation fram a free water surface
is a linear function of the sa‘turation deficit of the air, Prescott (1931b)
reported that for twentythree stations in Australis the mean evsporation
in inches is related to the saturation deficlt in inches of mercury
by the expression:

By = 203 s.de
vhere Ey = the depth of evaporation axpressed in inches
s.d, = the ssturation deficiency expressed in inches
of meraxy.
Prescott, Collins and Shirpurkar (1952) have incicated that if
in Prescott's (1949) eqation
pa”

By is substituted by 21 s.d,, the index Sy** /> becomes

2197 £ 5.6.%7,  The values of K, then approximately become

For vegetation of low transpiration = 8,0

For vegetation of average trauspia-
ation and cetchment areas gencrally = 12,0

For high transpiration = 160

For rice fields = 20,0
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The wator uss data of thic ¢ »2rivent show a gooi correspondence
with a ivescoti-iype relation o, = X {u.<de )0' 75 \nd a curve of this
type was fitted tc the datu as showm in Rig. 28, The value of K is 12,1
when the units for Etr and s.d, are in in, /month ard in. Hg. respectively,
This value of K, 12,1 corresponds exactly to Presoctt's index for vegetation
of average transpiration, The relation between ¥i and the saturation
deficit has therefore the form of,

log Wi = 0,75 log s,d.+ 1,081
where ¥4 = monthly rate cf water use by lucerns in in,
s.d, = saturation deficit (in. Hg)

(v) Hours of Sunshine and (vi) ¥ind Speed,- No satisfactory
correlations were cbtained between Wi and hours of sunshine (hours/day)
and wind speed (miles/day).

(2) Mean Weight of Hexbage Present during Intexrwal
betwoen each intarmediate aat - - - - The mean

weight (owt/acre of dry matter) of herbags present during the interval and
water use (in,/day) during that period are given in Table 19. It is
clear from this table thst Wi is independent of the amount of hexrdbage
present, This result supports the view put forward by Schofield (1952)
that when water is non-limiting, the water use by cxrops is independent of
the nature of the plant cover as long as thsre is oamplete cover and
active vegetative growth,

(11) DNon-~irrigated Plots.- Since it was not possible to obtain
a satisfactary correlation of Vater Use and variocus envirommental factors
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Table 19

Relation betwean the Mean Weight of Herbege Present
and the smount of water use

(Irrigated Plots)
INTERV Amount of Weight of *
AL VWater Use Hexbage Present

Harvest Cutting (in. /day) (cwt/acre)
I 1 0,173 3.72
2 0, 216 13,69
3 0, 236 26,27
o 1 0, 225 %M
2 0, 242 18, bl
3 0. 227 30. 21
III 1 0, 147 4e 55
2 0,155 18,87
3 0, 147 32,40

* Mesn weight (owt/acre of dry matter) of herbage present

during interwval,

(vis, msan air temperature, solar radiation, saturation deficit, hours
of sunshine and wind speed) and dry matter production for non-irrigated
plots, an exsmination was made of the relationships of Wn with the
initial amount of available water stared (Ws - n) in the soil to a
depth of 66 inches at the beginming of the period and the irrigation
plus rain (In + R),

Table 3 (Appendix D) gives Wn and In ¢ R 4n in,/day and Ws - n
in inches, A multiple regression analysis showed that In + Rand Ws = n
both have very high significant (P <0.001) effects on Wn, Fig, 29
shows the relation of In + R and Ws - n on Wn, and the actual amounts
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of ¥n have also been shomn on the diagram, The isopleths (Fig., 29)
Wn (in,/day)=re based on the equation:
Z = 0,558 X #0028 X, + 0,018
vhere Z Water Use (in,/day) = W¥n
Xy = Irrigation + rain (in./day) = In+ R,
X2 = Indtial amount of water stored in the soil to a depth of
66 inches at the beginming of the period = Ws - n,

If t.e isopleths drawn are taken as a true representation of
the combined effect of In + R and Ws - n on Wn, it may be oconcluded that
Wn is a function of both In + R and Ws = n, All the actual Wn data
fit reasonably well with the isopleths drawn (Fig, 29),

It will also be clear from Pig, 30 that estimated values of
¥n (in,/day) from the regression equation fit reasonsbly well the
actual values of Wn (in,/day) cbtained in the experiment, A line is
drswn at 45° (100 per cent, correlation) to indicate the extent of
departure fram the perfect relationship,

(h) Pactors affe Matter Production®

In order to obtain an :ndication of the way in which the rate
of IMP of lucerne in the two treatments was controlled, the following
factors were examined:

(1) Envirommental Conditions

(2; Dry Weight of Tops Present

* The tem &y matter production will be referred to as "DMP*,
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It has already been mentionod that mine snd seven intermediate
cuts wore taken in irrigated and non~irrigated treatments respectively.
To exsmine the effect of the above mentioned faotors, the yisld of ary
matter (owt/aare) at each cutting has been convertsd to I per day (as
owt/acre) for both the treatments,

(1) Eaviromental Conditions.- Regardless of ihe hebitat in which
it is growing, a plant is contimicusly subjected to the varisbilities of a
ocomplex, more or less interdependent, set of envirommental factors, With
this background the following principal physical factors of the enviromment
which ordinarily exert a practically direct effect upon the growth, were
examineds

(1) Moan Air Temperature
(41) Solar Radiation,

Figs, 31 and 32 show the relation betwsen IMP (owt/acre/day) snd
mean dally eir temperature (°F) and estimated solar radiation (R;) per day
(eqiivalent mm) for both the treatments respectively, Exsination of
Fige, 31 and 32 show that nons of these factars appear to have any
significant effect on IMP, However these figures do suggest that the
relation between IMP and envirommental factors is less inoonsistent in
the irrigsted treatment than that in the non-irrigated treatment, indicating
that more data might reveal better relationahips between DiP and
environmental factors in the irrigsted treatment than in the nom-irrigated
treatment, It appears safe to indicate at this stage that if th: plants

are grom under water stress no other emvirommental factors have any effect

on growth,
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(2) Dry Weight of Tops Present®*.~ S5ince it appeared that none
of the envirommental factors examined gave a satisfactory explanation of
the rate of DMP in both treatments, the effect of imitial dry weight of
tops present at the beginming of each cutting in irrigated treatment,
was then investigated,

(1) Irrigated Plots.~ The findings of Watson (1947a, 1956) and
Davidson and Doneld (in press) indicate that if water and mutrients ere
non~limiting, the rate of IMP of a crop depends largely on lesf area index,’

In the sbsence of leaf area and leaf weight an attempt is
therefore made here to examine the rate of IMP of lucerns under irrigated
conditions, in texms of dry weight of tops (DWT) present at the beginning
of each period or cutting,

Mg, 33 shows the relation between IWT (as owt/acre) and DMP
(as owt/acre/day) in subsequent periods of approximately 1k days, only
the mean walues being given, Curves of the same general shape showing
the relation batween crop growth and LAI have been cbtained by Watsom
and Davidscn and Donald,

It is clear frxom Mg, 33 that DP reaches a maximum when INT
is between 10 and 15 owt/acre, and that there was a reductiom in INP by
70 per cent, when INT reached to J0 cwt/acre, If the curve drawm (Fig.33)
is taken as a correct representation of the relation between IMP and INT,

* The term *tops’ is referred here to all shbove ground parts of the
plant and will be referred to as "DWT",

¥ Introduced by Watsom (1947a) and defined as the ratio of the area of
the leaves to the area of the ground maface, It is usiually denmoted
as LAI,
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it shows that there was a range of DWT between 1) and 15 cwt/acre when DiMP
varied only slightly with change in DT,

It is of interest to note that the curve (Fig., 33) showing the
relation between IMP and IWT does not originate fram zero, The explanation
of this behaviour is probably that the lucerne was cut 1 or 1} inches sbove
the ground level, so that a certain smount of material was in fact present
at the beginning of the period and it was therefore not zero, However,
this should not make much difference to the general shape of the curve, No
further analysis is possible in the sbsence of IMP data when DNT was zero,

(11) A Camparison botwsen the Growth Rate in Non-irrigated and
Irrigated Plots,~ Having falled to obtain a satisfactory correlation between
IMP and various enviromental factors and W in non=irrigated plots, it is
rroposed to see whether the low IMP in non-irrigated plots is related to:

(1) the asmount of availsble water stared in the soil (0-66 in,)
at the beginning of each cutting (¥s - n),
(2) the amount of irrigation and rain (In + R).

For this analysis the curve (Fig, 33) has been taken to represent
the mean rate of growth under irrigation, The IMP (cwt/acre/day) of
non~-irrigated plots for each partioular cutting was plotted against DNT
at the beginning of each period,

The difference between the rate of IMP with and without irrigation
was cbtained for the partiocular amount of INT present at the beginning of
the period, The values thus obtained are taken as the deficit in rate
of growth (owt/acre/dsy) in non~irrigated plots as compared with growth

under irrigation, Thus the deficit® in rate of growth for 7 cuttings was

* This will be referred to as "dt".
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obtained,

The deficit dt, In + R (in,) for cach cutting and Ws = n at the
beginning of each cutting are given in Table 20, Maltiple regression
analysis showed that I + R has o 5 gnificant influence (F = 0,5) in
deoressing dt while Ws « n has relatively insignificant eftect, i.e, the 4t
is least when In + R is greatest, shile ¥s - n is unimportant,

Since the time intervels between each cutting were not uniform, it
was decided to examine the effect of In + R on dt on a deily basis, In + R
has therefore been converted to in./day for each cutting, <(fable 21 gives
at (owt/ucre/day), In + R (in,/dsy) and Ws = n (in,), Miltinle regression
anelysis showed that In + R (in,/day) has an effuct which would be significant
only at about 10 per cent, level, while Ws = n is of no significance,
On the assumption that Ws « n had no signmificant effect an dt,
Fig, 34 A is presented to show the effect of In « R on dt, dt is plotted
egainat In + R, Actual velues of dt are showm, The calmlated regression
i.l
Y 2 <2,294 X4 + 0,631
where T x at (cwt/acre/dsy)
X4 = In+ R (in,/day).

It is evident from Fig, 34A that dt contimues to decrease as the amount of

In + R (in,/day) increases, Extrapolation indicates that when In + R

reaches to the value of about O, 23A in,/day dt will be reduced to merc,
It is realised that the relationships ohtained here between dt,
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Fig. 34. Deficit in rate of growth in non-irrigated plots related to:
3 A, Total amount of water received by non-irrigated plots;
34 B, Additional water given to irrigated plots.

34 A, & 34 B, show camparisons between recorded deficits and those
estimated from the equations of Figures 34A & 34B. The lines

of perfect agreement are shown,
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Table 20

Relation between the lLefiait in Growth Rate in Non-irrigated Plots
frau the Rate of Growth of Irrigated Plots, Irrigetion + Rain and
the Amount of Available Water Stored in the Soll at the dbegimiing

of the Period

(Non~ixrrigated Plots)

INTERVAL Deficdt in Growth| Irrigation + Rain | Anount of Awvnilable
Rate in Non~-irxri- Water Stared in
Harveat | Cutting ted Plots the Soil
?«Vw/d&v) (in, ) (in,)
Y X% Xz
I 1 0.25 2,03 6. 10
2 0, 80 0.05 3.77
I 1 0. 31 1.50 1.12
2 0, 51 0,07 0.99
3 0, 46 2,14 0,27
& O, 74 0,05 0. 28
1T i) O, &is 137 0,10
Analysis of Varianoe
Due to Y 6 0,251500
Regression on 2 0, 165749 0,082875 3,865 N. S,
X4 and X2
Regression on 1 0. 164,306 0, 164306 7.65 X
X4 alone
Additional for 1 0, 001443 0, 001443 0.0673 N.Se
additional of
X2 to regression
on X1 alone
Residual about 4 0, 085751 0, 02144

regreasion on
X4 and Xo
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Table 21

Relation between the Deficit in Growth Rate in Non-irrigated Plots
fram the Rate of Growth of Irrigeted Plots, Irrigation + Rain and
the Amount of Awvailable Water Stored in the Solil at the beginning

of the Period
(Non-irrigated Plots)
INTERVAL Deficit in Growth| Irrigation + Rain| Amount of Available
Rate in Non=irri- Viater Stored in
Harvest |Cutting | &ated Flots the Sodl
(owt/acre/day) (in, /day) (in, )
X X 5
I 1 0. 25 0,092 6,10
2 0,80 0,002 3.7
X 1 0, 31 0,107 1.12
2 0, 51 0, 005 0. 99
> 0, 46 0.153 0.27
b O, 7l 0,003 o, 28
I 1 Oo & 0, O34 0, 10
Analysis of Variance
Vaxriation af, Se Se M, S. V.R.
Due to Y 6 0. 25150
Regression on
Xy and X, 2 0, 12459 0, 06230 1.965 RS
Regression on 1 0, 1162k 0, 11624 3, 666 NS,
Xq alons
Additional for
additional of 1 0, 00835 0, 00835 0, 260 NS
Xy to regression
on Xy alone
Residual about
regreasion on 4 0, 12691 Q. 03173

X9 and Xp
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In + R, and W8 = n are based on only 7 sets of values, lievertheless, the
results seam to indicate that with more data the relationship between dt,
In + R and Wa - n may be confiimed.
Fig. 54 A7 shows the actual valus of dt and eatimates dt from
tie equation, A line is drawn at 45° (100 per cent. carrelation) to
indicate ths extent of the dsparture from the perfect relationship,
(444) Relatiombetwsem the Amount of Water added to the Irrigated ilots

and the Amount by which the Yield of the MHoneirrigated Plots fell below that

of the Irrigated Flots,~ Following the suggestion of Schofield (1950) that

if water use from non-irrigated plots had not fallen short of that of
irrigated plots, irrigation oould not have increased the water uptake because
it ocould nmot have increased the water use and yield, an attempt was made

to relate the amount of water added to the irrigated plots and the amount

by which the yield of the non~irrigated plots fell below that of the
irrigated plots,

Table 22 gives the deficit dt, (cwt/acre/day), Id*(in,/day) and
wa'(m.); The value of Id (in./day) is obtained by subtracting the total
amount of irrigation which had to be added occasionally to the oon~-irrigated
plots (in,/day) from ths total amount of irrigation given in the irrigated
plots (in,/day) for cach period. Similarly the value Wa (in,) is obtained
by subtracting the available water stored in the soil of tho non~irrigated
plots (Ws - n) from the availsble water atored in the soil of the irrigated

* Id = Ie~In

t W4 = Ws-VWsa-n
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Table 22

Relation between the Amount of Water added to the Irrigated Plots
and the amount by which the Ylield of the Non-irrigated Plots

fell below that of the Irrigated Plots

INTERVAL Deficit in growth Difference in  |Difference in amount
rate in non=irri- | amount of water available water
' gated vlota given to irriga=-|stored in irrigated
Harvest |Cutting tod and non~ and non-irrigated
irrigated plots plots
(owt/acre/day) (in, /day) (in,)
I X X2
I 1 0.25 0, 006 0,72
2 0,80 1.839 1eled
II 1 0, 31 0,016 2,97
2 0, 51 0. 197 2,69
3 0, 46 0, 000 2,86
b O, 7h 0,253 1.7
I 1 O, 44 0,099 375
s of V
Variation d.f, Se e M S, V.R.
Due to Y 6 ‘Op 25150
Regression on
Xy and Xp 2 0, 138146 0, 06907 2. 437 N. S,
Regression on
X4 alone 1 0,135289  0,135289 A T4 K. s,
additionalr:: 1 0, 002857 0, 002857 0, 1008 N, S,
X, to regression
on X4 alone
Residual sbout ,
regression aon L 0,113354  0,028339

Xy and X2
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plots (Ws) at the begimning of the period, Multiple regression analysis
shows that the nagative effect of Id on dt would only reach aignificance
at the 7 per oent., level while ¥d has no significant effect at all,

On the assumption that Wd had no effect on at, Fig. 34 B was
prepared to show the offect of Id on dt., Actusl values of dt are plotted
agpinst Id, The regression equation is;

T = 0,225 X1 + 0,424
vhere Y = at (owt/acre/day)
X1 = 14 (in,/day)
It is evident fram Fig. 34 B that dt contimes to increase as Id increases
i.e, as more water is applied in the irrigated plots oompared with the
non~irrigated plots, Bxtrapolation suggests that dt will reach to one vhen
id will be 2,55 4in, /day.

Flg, 34 B4 shows the actual values of dt and estimates of dt from
the equation., A line is drawn at 45° (100 per cent. correlation) to
indioate the extent of ths departure from the perfect relaticnship,

(1) Growth Rate of Irrigated Lucerns

The cumilative yleld of dry matter of harvests I, II and III have
been plotted ageinst time (Fig, 35). Since no record of DiP at the outset
of each harvest was cbtained, it has been csmmed that at the begimming of
every harvest the IMP was zero, This assumption may not be true in the
strict sense but it was thought that even small smounts of IMP ocoourred at
the outset of each harvest, such amounts would not be great emough to alter

the gensral slope of the curve for that harvest,
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DAYS AFTER INITIAL CUTTING

Dry weight increase of irrigated lucerne far each of the
three harvests,
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Inordartooanparothegrowthc\msofthmhamsta,themiddlo
ourve (Fig, 35) of harvest IIT was taken as a reference, since this was found
to be more camplete than the others, It is clear from the growth curve of
barvest III in this figwre that a dry weight of 20 cwt/acre was reached on
day 27, Harvests I and II took ebout 35 and 22} days respectively to attain
the sa e amount, If the growth curves of harvests I and II are superimposed
on the growth curve of harvest III, they all lie on one line from sbout 10
to 33 owt/acre, In the process of superimposition the curves of harvests
I and IT were shifted backward and forwerd by 8 and 43 days respectively, The
results indloste that the rate of growth of the tixee harvests was different
at the cutset of their respective harvests, but cnoe the IRT reached
aprroximately to 10 owt/acre, their rate of growth is approximetely the same
t111 the DT reached sbout 33 cwt/acre, In other words their rate of growth
from 10 to 33 cwt/acre is independent of the seasomal conditions enoountered,

Lack of data, particularly at the later part of the curves, makes
it dffioult to determine the slope of the curve at the end of the harvest,
Extrapolation suggests that all will attain the sams yleld, indicating that
the oourse of dry weight increase of all the three harvests will be similar
once the DNT reach to 10 owt/acre,

It is clear fram the growth curve of harvest III (Fig, 35) that the
rate of growth was at a maximumm vnlue when the DVT were 10 to 30 cwt/acre,
Harvests I, II and IIT took approxiiatsly 20,7 (45.0 = 24.,3), 2.3 (33.0 = 12,7)
and 20,6 (37,6 = 17,0) day respectively to increase from 10 to 30 owt/acre,
The rate of growth auring the period becomes for
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Harvest = 0,966 ovrt/acre/day

I
» II = C'.985 L » L J
» I = 0,971 " " "
This suggests that the rate of growth from 10 =30 cwt/acre
is identical,

(3) Growth of lucerne in second year

The amount of dry matter produced (cwt/acre) at each cutting
for each plot and the mean wulues for irrigated and non-irrigated plots
for harvests IV and V respectively are given in Table 23, Fig, 36 shows
the cumlative yleld of dry matter (cwt/acre) against time, The analysis
of variance indicates that the difference in dry matter production
(owt/acre) between irrigated and non~irrigated plots is significant
( = <0,01),
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Fig, 36, Dry weight increase of irrigation (previously irrigated)
and non-irrigated (previocusly non-irrigated) lucerne in

the second year,
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Table 23
Yield of Dry Matter - cwt/acre at each cutting
(second year)
Harvest - IV
First Cutting
Irrigated Plots Nonhe ted P
Plot Yield Mean i’lot Yield Mean

A 22,70 C 22, T
B 24,76 B 22, S
D e The 24, 20 F 20,46 21,32
G 24,18 I 2h 40
H 22, 0 K 19, 1
J 26,09 L 18,65

Seoond Cut
A 7. 26 C 6.17
B 7. 10 1) 8,25
D 10, &7 8,28 F 5¢ 463 7.48
G 9. 30 I 8.16
H 8,60 K 10,93
J 6.99 L 595

Third Cutting
A 7.83 c &4, 27
B 2.7 E 0,46
D 2,67 3 3 F 7.16 3. 22
o] 2. 54 I 2.33
H 2,08 K Q.49
J 2,36 L 459
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Table 23 (Cont'd)

Horvest - V
First Cutting
Irrigated Plots Non~irrigated Plots
flot Yield Mean Plot Yield Mean

A 14,82 c 11,02
B 1he 02 E 10,78

D 13, 60 12,64 F 10, 10 11,00
1 1.75 I 13,81

H 12,79 K 9,47

J 8.87 L 10, 82

Second Cutting

A 7.81 c 3.65
B 0.3 E 1.4
D 1.30 3. 76 P 2,70 211
G 3.38 I 1. 26
H 2, 50 K 1.58

J 6. 64 L 2,00

Analysl=s of Variance
de £ 3, S, MR, V.Re

Total 59 3‘#27-7“'

Cuttings 4 3183, 92

Irrigation x Cuttings & 12,79 3.20 K. S,

Residuel 50 200, 64 4,02
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(k) Vater Uss by  Irrigated Lucerns in Relation to
Available Water,

Butler and Prescott (1955) have sug;ested that the relationships
between evapotranspiration, evaporation from a free water surface and the
aveilable water can be expressed in the form (using their own symbols):

dI‘t:l‘/dw = ¢ (2.)0- - Itr)
vhere I¢p =  Eyp /&voo 75
= 2.4 vhen availsble water is no longer limiting,
] = 0,119 for wheat
= 0,103 tfor pastures.
E¢r =  Evnpotranspiration (in,/month)
Evaporation fram a free water surfaos (in,/month)

'
]

= Stored water plus xainfall
= Available water

They found that the values of the index (%/%0'75) rangs from
0,86 to 2,07 for wheat and 0,16 to 1,69 for pastures,

A similsr attempt is mads to examine the relationship botween
water use (Wi) by irrigated lucerne, evaporation from a free water surface
(Ex) and the total availsble water (Wa) during the period, Here Wa
includes:

(1) The amount of available water stored (in,) to a depth of 66
inches at the begiming of the period (Ws),
(11) The amount of water applied by irrigation (in,) during period

(I) and
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(1ii) the amount of rainfall (in, ) during the period (R).

Butler and Prescott (1955) have expressed avaiiable water on a
monthly basis, The amount of avallsble water reported ranges from 3, 94
to 12,00 and 1,55 to 11,62 (in,/month) for wheat and pastures respectively,

It is clear from Table 4 (Appendix D) that the total available
water (Wa) in the present experiment ranges fram 14,60 to 55,63 in,/month,
values which are clearly in excess of the smount of water which can
posaibly be held by the soil, There also does not seem to be any logic
in expressing Wa on a monthly basis if it is proposed to campare periods
of different durations, lenoe it is proposed to express Wa (in.,) during
each period,

Prescott's monthly index K has been celculated for the present
data (Table 5, Appendix D) by using the formula Wi/EWO.75 = K (after
Presoott 1949) where Wi = water use by lucerne (in,/month)

B; = Kvaporation from a free water suwface
(in, /month).

In Pig.57 Wl 0.75 1s shown sgainst Wa (in, ). It beoomes
ovident from the figure that the values of W1/E_§O.75 are approximately
constant (2 values being divergent) in spdte of slight differences in Wa,
However, it can be sald that as intended, irrigation was able to maintain
K at a fairly uniform level for most part of the experimental period.

Ths lack of data at lower and highsr levels does not permit
the drewing of a mmooth curve (Fig. 37) to fit the data, However, it

is reasonable to assune that when the valus of Wi is sero, K will be zero,
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At the same time when Wa is zero, Wi 1s zero, In other words the curve
showing the relation between K and Wa should pass through sgero,

However, the lack of data at the lower end of the scale in the
preosent experiment makes it impossible to verify independsntly the

interpretation put forwerd by Butler and Prescott,

(1) Hater Use by non-irripated Lucerne in relstion to aveilable water
stored and Irrigation plus Rain

It has already been shown that in the present experiment W
from non~irrigated lucerne was found to depend on Ws - n as well as on
In + R, An attempt has therefors been mads to obtain the relation between
Wn, By, In + R, and Ws = n at the beginning of the period,
Table 6 (Appendix D) shows weekly Wn (in./day), By (in,/day) and
valus of K* for each period, A rmultiple regression analysais of K, In + R
and Wa - n (Table 7, Appendix D) showed that K, In + R and Wis = n are all
significently related (P < 0,001) and are interdependent on each other,
Fig, 38 shows the effect of In + R and Ws = n on K, The isopleths
of K drawn are besed on the regression equation:
Z = 6,36x + 0,168Y
whers 2 s K = %0.75
X =  Irrigation + Rain (in./day) = In + R
Y = Amount of avallable water stored in the soll
at the beginming of the period
= Waen

The experimental valuss of K are also plotted and appear to fit reasonsbly

* K =« u‘n/n.o'75 (after Prescott 1949),
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well the isopleths drewn fram the equation (2 values being divergent),
Nevertheless, Fig, 38 does give a genmsral picture of dependence
of KonlIn+Randls «n, Itis suggested that if Ws - n is known, the
above diagram may be used as a rough guide to assess the amount of water
(in./dsy or even in, /week) required to maintain at a particular K,

(m) Coamperison of Penman's Potentigl Transpirstion with sstual Water Use

Data obteined from the Irrigated Lucerne

The direct measurement of soil moisture for calculating t e
amount of water used or the amount of water required for irrigation,
besides being time-consuming end leborious, is not entirely satis..ctory.
Consequently, the attention of many investigators has been directed to
the estimation of eweporation or transpiration from more easily measured
climatic date,

The important features of FPemman's estimates are:

(1) They are based on standard meteorological parameters (not
requiring any special measurements),

(2) They have a firm physical basis, taidng into acoount all the
important relevant factors while eliminating temperature and humidity at
the surface of the vegstation, which are difficult to measure and sre
generally not understood,

It is proposed to test the estimated values of FPemman's
Potentlal Transpiration (Ep) by comparing with the actual water use data
Wi obtained for the irrigated lucerne,
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Perman (1948) sugpested that evaporation from an open water surface
(Eg) con be calculated fram the expression: (using his own symbols)

E = AHQ+O'27:Eg m/dey.......-oh)
A+ 0,27
= A(Q958 -B) + 7K ey
A+ 7

This formula (1) has been used throughout to coloulste K, A key to the
aymbols is glven on page: 154 and 165,

Evaparation from a soil with vegetation (Ep) was estimated by
maltiplying Ky by an empirical reducing factor. This empirical factor was
cbtained from experiments at Rothsmsted with a mmber of cylinders, helf of
which were filled with water, the others carrying a cover of short grass,
This factor was found to vary foxr S,E England from O, 6 inches in the four
nid~winter months to 0,8 in the four mid-summer months, These factors were
claimed to be sufficiently accurate in field experirents on irrigation of
sugar best (Perman 1949).

Later, in 1951, Penman and Schofield discussed the influence of
diffusion resistanoe in the stomata, and Peman (1952), on the basis of these
considerations, sugrested that Er can be estimated fram the expression:

(using his own symbols)
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ET = Aﬂr’ 78& 90000000-000(2)
A+ 7 fui
where By = Q80K ~Eg

B = R, (0.25¢ G5k /)

B = o Teb (A56=009/¢3) (.90 + 0,90 m)

3 = Ig
La ¢+ Iy

P o £ + 2 . 1 Sn HNT
2 ®» m 3l

8y * (To max, « T, mim, )/2
'ranwn - Ta

mm(z)mummwm&g A kay
o the gwibols is given en pagk: 104 and 162,

Pomman (1952) wscs 0,16 am as a prodeble walus of Iy in the
caloulation of water use for lucerms in 5.3, Australia, and this valus
has been adophed for these onloulations,

For celemlating E,, Peman (1956) now uses a new expresaion
which is, in faot, a campromise botwoon measircrents fyuz a mmall tank
and estimates from an infinite sxfece, lisnce for the present calmiiation

of Eg, Porman’s now expreasion
By = Q”(Qﬂ-&% (o, = oa)

has been used, A key to the symbols is given on pages 164 =nd 165,
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Swmibols Uped (after renmen 1952) Unit
lieen air tesperature  (Hem £ln) %
Moan Qew-point tempEratu¥® . o o s e 0 0 o o 0 o F
Saturation vepour pressure at mean air tomperature in. Hg.
Saturation vapomr prezsure at dewepoint temperature in g,
Slops of saturation vapour pxessmuae onxve at T, . & :Ln.Bef’
lsen 2dnd spood at 2 mObEwS . ¢ o ¢ ¢ ¢ o v 0 0 0 o silea/day
Mean Auration of actual bydght sunshine . . « « » o hours/day

Mean duration of meximmm possible bright sunchine , hours/day
Inooming radistion . ¢ c e s e s 0o 0o e s e oo oo oqivum/day
Inoceing short wave rediation per day

RA(RZ5¢0ADN) ceeoecccccscse eoquv, miday
Ouatguing long-wave radistion par 4s¥ < « o o o o squiv, my/day
o Tk (056 = 0,09/ @a) (010 + 0,90 BY/g)

Stefan's constant

Stomatal factor

. S
In ¢ Lg

1 « 02
k[v1]
0, 16 o

Doy length faotor

F oot wa
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('l',_mx. -Tamin.)/Z
Ta mean - ‘l'd

constant of the wet and dry bult psychrometer
0.27

An intermediate expreasion obtained in caloculation ,
0,35 (0.5 + 3fy) (¢a = 0a) after Pemen (1956)
Heat budget at open water mufaos , . ¢ ¢ ¢ o o
0,95 B - Bp

Heat budgst at plant surface , . , . . . . . »
0,80 R = By

Evaporation froum open water stufact . « ¢ o o o
AHo+ 7Bp

A+ 7
Potential transpixation , ¢« o ¢« ¢ ¢ o v ¢ ¢ o o
AHE;" 7E£_

AN + 7/3D
Potentiel Transpiration estimated taking SD = 1
N A

A+ 7
Water use cbserved . o ¢ ¢« ¢ o« ¢ ¢ ¢ 0 0 ¢ o o

Evaporation fran {ree water mafaoce cbserved

E

my/day

equiv, mm/dey

equiv,mm/day

mm/day

mmy/day
m/day
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Table 1 (Appendix E) gives the sources of all the meteorological
data (average paremeters for each cutting) which served as a basis for
these calculations, Table 2 (Appendix E) gives the values of Hy, Hp, Eg,
Br, Ea, By and W1 (all in mm/day) and also the ratios of ¥/l W/Eee BTG,
Br/mws BI/yis Bo/mys W/Bgs ¥i/By, and Wi/ .

Sinoe weekly Wi data was available weekly Ep was oompared with
weekly Wi, Table 3 (Appendix E) gives the weekly metecrological data
(average parameters) which served as a basis for these caloulations, It
will be clear from Table 2k that there is no advantage in estimating Ep
on a weekly dbasis over fortnightly or three weekly bases, Table 4 (Appen-
dix E) gives the weekly values of Hg, Hr, Eg, Ep, E,, By and Wi (all in
mm/day) and elso the ratios of Wiy, "L /e E/Rge ET/mgs Erppys Bo/gyr
u/go, ﬂ/k' and n/g‘. Nevertheless, for the present atudy the
estimates of 21 periods will be examined,

Exeminstions of Tables 2 and 4 (Arpendix B) suggest:

(1) Although Perman's estimate of eveporation from open water
surface (Eg) underestimates tha:/! tevuilporation from a free water smrface
(By), on the whole the estimate is fairly good,

(2) The individual ratios Eom are reasonably constant, It
should be noted that Eg underestimates particularly at high walues of Ey,
The main reasons for these discrepancies are that in the shallow tank
hsat exchange with the air takes place at both faces while ewvsporation

from infinite open water surface only occurs at the upper surfaoce,



Table 2

Comperison of Permen's Potential Transpiratiom (Bp) obtained from
(2) data for the 9 inter-cutting periods and (b) weekly data

(tncinaive) (smptay) (thetuatve) (mptay) (e )
1954, Nov, 23 to Bee. 14 393 195, Nov, %E‘g;:'" ;E%; 395
S e 223 I S
29 to 11 Jan, 1955 428 ag :: 11.1Jan.1955 t‘&’& I 31 )
12 to 25 4 50 :g:g ::g;z; W6
26 to Feb, 8 ks 56 zg : l":b.‘l tgg ke 36
9t 22 3.48 1% : g itg g 36 55
23 to Mar, 8 3.08 zz :: !hg.‘l i‘é; 30 04
2% X0 2,46 12 :: g 2673 ; 2,49
23 ¢o 30 2,16
31 to Apr. 19 1.7 }1 :-‘1\1;% 5 ::ggi 1.75
13 %0 19 1.38
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(3) Perman's estimate of I, on the whole gives fairly good
estimates of Wi,

(4) FEstimated Ep is always less than ;. This is expected as
Hr 1s less than Hp and SD is less than 1, The results support the views
of Perman (1952 and 1956) thet potential transpiration (8r) of a short green
cover camnot excsed the evaporation from an open water surface (Eg),
exposed to the same weather,

(5) Throughout the experirental neriod the calculated potemtial
transpiration (By) was consistently lover than the cbserved transpiration,
or water use (i), tuwo periods (periods 2 and 9) being exceptions, It
hes already been pointed out that water use data of period 1 is suspected
to have been overestimated and there is a corresponding low value of water
use in the second period., The factars leading to the overestimation of
water use in period 1, however, sre not easlly unierstood., No seasonal
trend of water use could be found except that in the last four periods
water use was higher compared to Bp than for the preceding periods,

(6) The ratio Br/g, is consistently lower than the observed
retio Vi/Rg o Acoording to Perman (1952) low values of 8/, vexe
dne to the neglect of field factors such as : (1) the roughness of an
ares of natixel vegetation cover as campared with an area of short grass
(2) adr movement within the crop resulting in incressed vemtilation,

(3) a reflection coefficient less than the value 7° = 0,20 and (4)
evaporation of intercepted rain water, It was suggested that
inocrporation of any of these fectors would increase the celculated ratic
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ofEr/Eo. It can be seen that the first two factors would increase E,
and the third would increase Hr,

(6) The ratios of Wi/z; (msen retio = 0,92) are in general
higher for the lower velue of Ey towards the end of the growing season
than they are for higher values of EQ at the beginming, This is not in
aocord with Perman's (1948) vrguments, However, it can be shown that
Perman's (1948) formmls (with f = 0,92) gives a good estimate of water
use which is slightly higher than those Pemman has given for S,E, England
summer ( f = 0,80),

Having found that Perman's estimates of potentisl transpiration
underestimate the actual transpiration obtained fram the irrigated lucerme
and that Perman's estimates of Ep gave fairly good estimates of By and Wi,
the 1952 farmmla for the caloulation of evaporation fram vegetation was
then examined,

Perman's formula for evaporstion fram an opem water surface
is B = A(0.95 Rc = Bp) + 7R,

A+ 7

and for evaporation from the soil covered by vegetation is

Br . A(GBOR; =Ry) ¢ 7Ey
A+ 7
The principsl &ifferences between 1948 and 1952 forsmles are (1) the

different reflection coefficient of a vegetation saface (Q,20) and for
open water smufaoce (Q,50) ond (2) the stamatal and day length factors S and De
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Perman introduced the factor SD to account for firstly, the influence of
diffusion resistance in the stomata if open and secondly, the influence of
the closing of the stamata during the ndght,

Since there is same considerable doubt as to the very nature of
and the value of SD (Penman 1956), Ep was then caloulated using a value
S = 1. (Eq'_- ).

Hence

Er - A(0BR;=Rp) + 7By

A+ 7

Tables 5 and 6 (Appendix E) glvethonlmsof&'g, and the ratios of

E'L/FO’ aME;/M for 9 periuvls and 21 periods respectively, Fg, 39 shows
the velues of Ep and Ej plotted against ¥, The lines of perfect agreement
are shown, It will be clear frum the above tables that the ratio of
E1/Eo 18 slmost constanm and the velus ( f = 0,82) agrees fairly well with
the value given by Perman (1948) for S.:.England in sumer ( f = 0,80).

The use of E; improves very counsiderably the estimate of water
use (Fig, 39); the mean ratio E‘i‘/wi becomes 0,96, as compared with 0,73
when the SD factoxs are incorporated into Pemman's equation; furthermaore
the variebllity seems to be reduced,

The ratio of Wi/g. (mean ratio = 1.11) is the same as the ratio
of Wiy (mean ratio = 1,17), suggesting that Hp also gives a good
measurement of transpiration loss from the plant and that Perman's
estimation of total amowunt of xtd?i:aﬂable at plant surfaoce seems
reaschebly accurate,
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DLSCUSSION

(a) Soil Temperature

A satisfactory record of soil temperature is extremely ocumbersome
to present inasmuch as the temperature varies with both depth and time, as
pointed out by Richards, liagan and ticCalla (1952),  Although the
presentation of the temperaturs data is largely determined by the nature
of the investigation and the information required, Callendar and Mcleod
(1896) and Hann (1906) were probsbly the first to present the soil
temperature in isotherms against depth and time, The diagram presented
by Callendar and Mcleod of data collected from March 1895 to April 1896
shows the effects of daily mean air temperature, rainfall and the depth
of snow on the ground on the temperature of the soil to a depth of 110
inches, However, no studies seem to have been made on the effect of rain,
mmmmnmmmntmmmﬂtqmmatnnm
depths under irrigated and non-irrigated conditions, Hence the main
pln-posoofpresenﬁngtbodataindiagrammticfm(ﬁg,S)istoﬂm
the distribution of temperature at various depths with time in relation
to the effect of rain, irrigation and air temperature,

In this discussion of soil temperature, it should be realised
that the soil temperatures recorded are not the daily, or weekly means,
but are the temperatures taken at a given time in each week, Consequently
the values of temperatures cbtained here will not be exactly the same as
ﬂwdailymeanvalmofﬂwmﬂtupontmbmdonthaavmgoorm
maximm and minimm velues, The importance of time of cbservations of
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80il temperature was painted out by Keen (1931 p,306) and Deubermire
(1947 pe173)e Daubenmire has stated that any reference of soil
tamperature is of limited significgnoe unless the time of cbservation
and depth at which it is made are specified,

It is also to be noted that the accuracy of this type of
thermistor in measuring the changes of soil temperature is ¥ 0,2°C,
(1) Effeot of Rainfall, Klthough there are same differemces of
opinion on the effect of rainfsll on soil temperature, there is ample
evidenoce (Baver 1956 p, 383, Bouyoucos 1913, Franklin 1919, Keen and
Russell 1921, Keen 1931 and Smith 1929) to indicate that rainfall has
a defimte modifying effect on soil temperature, promoting both ocoling
and warming, depending on season and socil conditions, As raimwater
penstrates the soil there is a tendenqy for the temperature of the
rainmater and the soil to came into equilibrium (Geiger 1950 and Keen
1931); consequently the temperature will be lowered in winter to the
depth of penstration of ralnmater,

The data of 10,5,55 and onwards (Figs. 11 and 12) clearly show
the cooling effect resulting fram the percolation of winter rain, As
the winter rain proceeds and more and more water infiltrate to deeper
lws,ﬂntmperahmatwmmpﬂumbothpbtsbom-m
and more uniform, The results indicate that percolation of winter rain
has an effsct tending to equalise the temperature of the whole aoil
profile, It is evident frum the Gata for 5,10,55 (g, 12) that by

this time there is virtually no terperature gradient,
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(1i) Highest and lowest Terperptures, Soil is a complex material; far
fram being solid it is a delicately balanced three-phase system, including

s0lid matter, air and water mmdcboth free and fixed, The nature of soil
temperature variations cannot therefore satisfactorily be conaidered without
a detailed study of the effects of temperature changes upon the water
associated with soil particles,

tater has a very important effect on the themal conductivity
of' scil materials both on account of its high specific heat and because
of its influcnce on structure, It can be inferred from the results of
varicus investigatars (Kersten 1948, Patten 1909, Shanklin 1922, Sharmon
and Wells 1947, and Smith 1939) that any increase in moisture content results
in an increase in conductivity consequent upon better thermal ocontact between
scll grains produced by the moisture fllm and t:is swyests that the rate
of change in conductivity should be greater at higher moisture contents,
Vith further addition of water however, the semperature of the scil will
respond more slowly, in spite of better conductivity, due to the high heat
capacity of water which is almost five times thet of dry soil, So between
the extremes of dry and wet mﬂmuawofmtwmm
specific heat of the moist material per unit volume increases less rapldly
then the conductivity and within this range the maximun conduction of heat
and the greatest temperature rise for a given application of heat oocurs,
This moisture content is, however, different for each soil (Patten 1909).
The increase in heat conductivity is most rapid at the lower molsture
content range (Baver 1956 p,377)s Crawford (1952) velieves that soil

moisture influences the radiation, cvairoraticn, srecific heat, thermal
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condnotivity end diffusivity, and heat cepacity of soil,

Since in this experiment no records were obtained of the relation
between moisture ocontent, oconductivity and specific heat either under
field conditions or undsr laboratory oconditions, no quantitative estimate
csn be made of the effect of moisture coumtent on the difference of
tauperature between the two treatnents, However a qualitative estimate
will be attempted as far as available data will parmit,

In view of this, the tamperaturc records have been examined to
determine whether the highest temperature differencez cbtained in the two
treatments can be ascribed to (1) modsture content difference, (2)
vegetative cover, and (3) slops of the plot,

(1) Moisture content difference.-~ Table 5 shows the highest taperature
and the relevant moistiwre contents at varicus depths, The molsture
contents for various depths were obtained rrom the pFemoisture content
curve, and the moisture content at permansnt wilting percentage is also
shown for various depths,

It is ovident from Table 5 that the moisture content varies
quite oonsidersbly in the two treatments at 6, 12, 2, 36, 48 and 60
inches depth, The moisture content in the non=irrigated plot, as expected,
is always lower than in the irrigated plot, It should be noted, however,
that the highest tamperatures were recorded at 6 inches depth in the
irrigated plot on two occasions, On ons occasion the moisture content
of the irrigated plot was lowsr while in another it was higher then in
the non-irrigated plot, The moisture content in the non=irrigated plot

at 24, 36 and 48 inches is spproximately at wilting point when highest
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temperatures wers recorded at these depths, while the moisture content at
60 inches is slightly higher than wilting point but is lower than the
moisture content at 60 inches in the irrigated plot,

It is evident fram Tebles 25 and 26 that the moisture content of
the non-irrigated plot is consistently lower than that of the irrigated
plot, Table 25 gives the moisture content and tempsrature of the irrigated
plot at various depths on the day when highest temperatures were recorded
in the non-irrigated plot. Similar data for the non-irrigated on the day
vhen highest temperatures were recorded in the irrigated plot have also
been given (Table 26), It is of interest to note that the temperature of
the irrigated plot is lower than that in the non-irrigated plot at all
depths, On the other hand, the moisture oontent of the irrignted plot
onthedaywhcntholﬂghcsttmplrntmsmmdad,mcomistanﬂq
higher than the moisture ocontent of the non-irrigated plot at all depths,
It is also of interest to note that when highest temperatures were recorded
in the irrigated plot the non~irrigated plot had an even higher temparature,

Although the data do not permit a aritical and satisfactory
exsmination of the effects of moisture content on the temperature
differences cbtained in the two treatments, it is, however, fairly clear
that in the present imwestigation the scil of the irrigated plot is colder
than that of the noneirrigated plot. It can be said that the cold nature
of wet soll is due to the higher heat cepacities than that of dry soil
(Baver 1956 p.37).  Similarly, reports have been given by Smith, Kinnison
and Carns (1931) that irrigation reduces the soil temperature, the
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Table 25

Moisture content of non=-ixrigated and irrigated soils
at times at which highest temperatures were recorded
in non=irrigated plots

Experimental Period
Depth Non=Irrigated Plot Irrigated Plot
L] L ]
(i) R5) ) 5) @

6 31,2 8.2 23,2 12,7
12 28,6 11,2 22,0 14,2
2, 26,3 19.9 20,0 22,5
36 %2 17.7 19.2 2.4
48 23,0 16.9 19,4 19.2
23,0 16,9 19.4 19,0

21,6 16,5 18,3 17.3

21.7 15.5 18.4 17. 2

21,7 15.5 18,5 17.2

21,7 15,3 18,8 17.2
215 4.9 18,8 17.1
21,5 17 18,7 17.1
20,9 %7 18,7 17.1

* Expressed as peroentages of oven~dry soil
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Table 26

Molsture content of non=irrigated and irrigated
sails at times at which highest temperatures
were recorded in irrigated plots,

Irrigated Plot Nan-drrigated Plot

T . Moisture* T * Holsture*
e (%) *) (%5 )
6 23,9 8.0 2644 6.7
23,6 he3 28,6 8.7
12 22,0 12 28.6 11.2
2l 22,8 224 15.8 21,8
36 20,9 2242 19.0 22,0
48 19.9 2042 22,4 16.9
60 18.3 173 21,6 16,5
184 17.2 21,7 15¢5
18.5 17.2. 21,7 15.5
18,8 17.2 21,7 153
18,8 17.1 21,5 14,9
18,7 17.1 21,5 e 7
18,7 17.1 20.9 147

* Expressed as percentages of oven=dry soil
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greatest reduction being at 1 foot and the lowest at 3 fest, They stated
there that irrigation has the effect of lowering the temvarature even
when the water was either cooler or warmer than the soil, or vhen the
temperature of the soil and water were nearly squal, For instance they
found that in Arizona in the month of August when the water and soil
temparature were nearly equal, the lowering was 3 °p, Accarding to
Richards, Hagan and McCalla (1952) Brookss (unpublished data) found that
two wooks ofter en irrigation the daily maximum temperature just below the
soil surface was lower on the irrigated plot, Jakobsen et al, (1953)
hmmﬂudtheirfhﬁinggthatutheahamofplantmm
soil is sbout one degree colder than dry soil, at least in the dry early
part of the smmer, So it can be said that although under the same
climatic conditions wet bare soil sbsorbs more solar energy than &y hare
aoil,wtbaroloﬂisooldorbmﬁvatjmaumxd:tnatiantﬂ.nd
to elovate the temperature of water contained in the pore space as would
be required to heat an equivalent volume of dry soil.
Them&ctimmtupmtmintheirﬂgatedplotcmmdwith
tlwm-indgatedplotmthia@mtappemtobemmthan
those reported by these workers. Smith, Kinndson and Cerna (1931) have
stated that the time taken fully to regain the loss under the influence of
air tamperature is two weoks or more, but in this experiment irrigation
was given every week, Thus, the irrigation interval was insufficient
to permit a full bulld up in temperature, and the temperature differences
botmthoirrigntodandnuhirr&gatodplotaimaedmwak. This
may be one of the reasons for s0 great a temperature difference in the
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two treatments, Furthermore, the wet (irrigated) soil is covered with
a dense vegetative growth of lucerne while the dry (non-irrigated) soil
bas a very sparse cover,

(2) Vegetative cover,- Thers is ample evidence that surfaces covered
by vegetation are cooler than bare soil in summer, but warmer in winter
(Richerds, Hagan and McCalla 1952; and Russell 1950 p.329). Accarding
to Baver (1956 p.365) Wollny (1883) showed that the daily variation in
201l temperature at a depth of 10 an was 2° to 4°C greater under bare
soil than under a grass cover and the influence of cover was greater the
larger the mmber of sumy days., Wollny is also said to have obsarved
that there was little difference between the effects of different crops
if they provided the same amount of shading, Bouyoucos (1913) had shown
that the oonditions of cultivation - non-cultivation and sod (alfalfa sod)
- have very distinct influences upcn soil temperature, and he observed
that during the months of June, July, August and September, 1912, the un-
cultivated plot was the warmest, the sod the ocoldest and the cultivated
was intermediate, The highest averags temperatures were recordsd on
July 9th with the following results;

7 in, uncultivated 77,80°F, cultivated 76,00°F, sod 69,45°F;

20 in, uncultivated 69,31°F, cultivated 69,00°P, sod 65, 25°F,

Hojendahl (1953) also observed that in July 1951 the surface of bare

s0il was sbout 5°C warmer than that of the soil oovared by oats. Similar

temperature differences were also cbtained between bare soil and the

soll covered by wheat in the months of June and July 1952,
Itisalsoeﬂ.dmtthntngetationhtmeptsapartqt
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the sun's rays, using the energy partly in assimilation, but mainly for
evaporation, Geiger (1950 p,285) from the data of Angstrom pointed out
that a pasture 1 m high of meadow grass and Dactylis glamerata intercepted
80 per cent, of the solar radiation, The main effect of dense vegetative
cover (Baver 1956 p,365) is that by imntercepting a considersble portion of
the sun's radiant energy it prevents the soil bensath from becaming as warm
as bare soil dwuring sumner, while in winter it acts as an insulating blanket
reducing the rate of heat loss fram the soil,

While discussing the amount of solar radiation intercepted by
plant cover it should also be realised that its main effect is to alter the
distribution of a given amount of heat either gained or lost (Geiger 1950,
Pe287)e The whole exchange of heat is at the boundary in the case of bare
s0il, while in the plant cover there is an air canopy within the foliage,
Consequently, the so0il covered by a crop receives less energy in the day time
than bare soil, The vegetation also hinders the emission of heat rays
from the socil at might, Furthermore, in the absence of appreciable
windl, the higher lnmidity of air under vegetation increases the smount of
heat needed to raise its gemperature effectively, Thus on acoount of
oppoaite influences of vegetation during the day and night, temperature
fluctuates less widely under plant cover than where the soil is bare
(Devbermire 1947. p176)s Russell (1950. p.331) pointed out the efficiency
of vegetstion in reducing the fluctuation of muface soil temperature and
that the t:...cker the vegetation the smaller the temperature fluctuations

in the soil. Impressed by the marked influence of vegetation on soil
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temperature Crebb and Smith (1953) concluded that vegetation not only exerts
a direct influence upon soil temperature, but also an indirect influence
upcnalmstcveryotha'factorafrecﬁngsoiltmturcm“and
hydrological factors, Thus it can be seen that the rate of loss of heat
energy ut night by re-radiation is retarded by plant cover, with the result
that the nocturnal temperatures of both soil and air within vegetation
characteristiocslly do not drop as low as those of adjacent bare soil,

It should elso be realised that the greatest fluctuatiom in the
banpcraturoofbazvsoilocmuthcymndmnface,ﬂnlemsomﬁtion
is reversed in the crop (Ceiger 1950, p.291)s In other words the highest
andlowsttmaturumminthegmmﬂsmfmeofbmaoﬂﬂ:ﬂcm
the plant-covered soil the pesk fluctuations take place at the top surface
of the plant and not on the soil muxrface,

(3) Slope of the plot.~ Since ths emount of radiation reoceived per unit
areaispmportwnltotheooadmofﬂwanglemmﬂ»
pcrpendianartothasmfacoandthodirectionotthoraﬁaﬁ.m,ﬁn
roﬁﬁationmindpermntmdcmwswithmwumm.
In the present experiment plot G (irrigated) is oampletely flat while
plot C (noneirrigated) has a slope of 3°6" facing rorth, Plot C may be
shown to receive sbout 2 per cent, more solar enargy then plot G,
Conclusicn, Frem the foregoing discussion it is clear that bare scll is
wammer than covered socil in summer, while the soil of the non-irrigated
plot is waxmer than the soil of the Lirigated plot; also that the temperature

difforences are highest at the suface layer and dscrease with inorease

in depth, In this experiment there was always a dsnse vegstative cover
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of actively growing lucerne in the irrigated plot while in the non-irrigated
plot there was virtually no vegetative cover at all, It is therefore
reasoneble to conclude that the low valuss of the highest temperature
recordsd in irrigated plots are due to irrigstion as well as dus to high
plant cover, No comperable studies to the present investigation appear
to be available in the literature,

(141) Beat Penetration and loss,~ It is now posaible to attempt to
explain why the soils of the irrigated plot at the depth of 12, 24, 36,
48 and 60 inches lagged 1, 1, 1, 1, and 3 weeks respectively behind the
non=irrigated plot at these corresponding depths,

(1) Sinoe the irrigated soil has a dense vegstative cover, it
receives less solar energy than the non-irrigated scil which is bare, with
the result that the depth of penstration of heat waves will be much less
in irrigated soils compared with non-irrigated soils, This is clearly
illustrated by the isotherms (Fig, 9) penstrating domwards in the
non~-irrigated plot while in the irrigated plot very few isotherms penstrate
downwaxds and the distance between them increases, No other oamparable
results are availsble of the effects of irrigaticm and matural rainfall
conditions and also coversd and bare soil on the penstration of heat,

(2) Vegetation considersbly reduces the flustuations of the
temperature at the surface soil with the result that the penetration of
heat will be mch delayed and also that the smount of penstration will be
much less in the covered scil,

(3) There will be much more evparative ocooling fram an area of
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vegetation than bare scil, Furthermore, the vegetation has a greater
evaporating surface than that availsble far the bare sail.

(4) Constant irrigation will also reducs the fluctuations of
tamperatures of subsurface soil considersbly in the rrigated sdil,

Although the 6 inch soil of the non-irrigated plot lagged one
week behind the irrigated plot in reaching the highest temperature
(Pigs, 13 and 14), it does not follow that 6 inch irrigated soil recorded
a higher temperature then the 6 inch non-irrigated soil, On the contrary
the 6 inch sodl temperature of the irrigated plot was 6°C lower than the
soil temperature of the non-irrigated plot at that depth, The possible
reason for the discrepancy iss
(1) The lucerns was cut campletely on 10,1.55 and henoe both plots
were bare for a few days, However, the irrigated plot had a camplete
cover within a week while the non~irrigated plot still had a very sparse
cover, Consequently, the temperature of the 6 inch irrigated secil rose
with the air temperature, and then gradually decreased due to cover and
irrigation, while the temperature of the 6 inch non~irrigated soil went
on increasing undsr the influence of air temperature otc, and reached
its highest value on 28,1,55.
Second Year.~ The data of the secomd year solil temperature of both
plots show that the irrigated plot is still colder than the non~irrigated
plot at all depths, 6 inch being the exception - an anomaly which is
dfficult to understand,

Before golng into possible explanations it is to be noted that
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the resistance of the themmistors changes with time (Aitchison 1953).
It has been reported that the magnitude of the apparent drift in soil
temperature arising fram this resistance change is of the order of 1°C
per year, Since no calibration of themmistors could bs dons in the
sccond season, the megnitude of drift in these thermistors is unknown,

In view of this, attempt will be made to put the following
tentative reasons:

(1) Vegetative Cover
(2) Moisture Content Difference

(1) Vegetative Cover,~ It has already been shown that vegetative cover
has = considerable effect in reducing the soil temperature, It will be
clear from Teble 23 that vegetative cover (in terms of dry matter
production owt/acre) in non~irrigated plot is significantly (P = < 0,01)
lower than that of the irrigated plot, This means that there will be
less interception of solar energy in the noneirrigated plot compared with
the irrigated plot. As a result the amount of soclar encrgy available
per unit area to heat the soil of noneirrigated plot will be more than
that available to the scils of irrigated plot, No further anslysis is
possible in the sbsence of more extensive data, but it should be noted
that, as already mentioned, the nonw-irrigated plot gets approximately
2 psr cent, more solar energy than the irrigated plot as a result of
the slope.
(2) Yoisture Content Difference.~ No significant differences in
moisture at various depths in the two plots could be found,

From these considerations it may be suggested that the reasons
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for the higher tamperatures being recorded in the non-irrigated plots at
all depths except at 6 inches are firstly, the lesser plant cover and,
secondly, the greater available solar energy,

(b) Use of Gipsum Blocks
In this section it is proposed to discuss the mein errors involved

in the use of gypsm blocks, It will be recalled that gypsum blocks were
used to measurs the pF of the soil water of the two treatments; the pF
data thus obtained were then converted to molsture percentage by appropriate
pF - moisture content ourve,
Ths following are the main inhorent wealnesses in the use of
gypsum blocks:
(1) Hysteresis
(2) Sempling locations
(3) Block veriations
(1) Random veriation
(i1) Drift of calibration with time
(4) Soil salinity
(1) Hysteresis,- The tendenqy for a soil at a given sail moisture
tension, to have a higher moisture content while the s0il is drying
than when the soil is wetting, is mainly due to the control exerted by
the smaller pores on the removal of water from the larger openlngs during
the &xrying pert of the cycle, (n rewetting, the larger pores hold water
at lower tensions than for the corresponding moisture content in the drying
cycle, The block itself is subject to this same phenamenon, In addition
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the arying of the clay fraction in the scil ceuses shrinkage, which is
not immediately reversed on wetting,

Realising these limitations the celibration of log R against
pF (Fig. 3) was done on the drying part of the cycle, since the resistance
of all blocks was intended to be taken three or more days after irrigation,
at which time they would be on the drying part of the cycle, Richards
(19492) also pointed out that it is the drying curves that are of chief
interest in practical agriculture, since the wetting proocess is usually
of short daration,

In the present experiment the installation of the blocks was
ocxmenced in the first week of May 1954, and completed by the middle of
August 1954, The luomrmes was somn on 22nd September, During the period
¥ay to September the total rainfall was 10 inches, Under these conditions
it oan be inferred that the blocks had plenty of time to came to
equilibrium to a tension squivalent to field capacity. This equilibrium
would not have been reached if there had been no rain; ILdlefsen and
Anderson (1942) have shown “that even after ons month, the plaster of
peris block does not attain equilibrium if swrrounded by soil the modsture
content of which is in the lower quarter of the rangs of available moisture
to plants®, Sinoe in the abmsence of vegetation water movanent to the
surface from the lower depthswill be very low, little increment in
tension will oocur,

Since the irrigation and the sumer rain water never penotrated

below 2 feet in the irrigated plots there was no question of arying end
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wotting below this layer, The s0il was always on a drying pert of the
cycle as a result of the extraction of soil molsture by the roots,

Henoe the error due to hysteresis in depths below 2 feet in irrigated plots
will be megligible, The hysteresis might be quite sericus in the top

2 fest cue to the constant addition of water by irrigation, But oven in
irrigated plots it is suggested that the errors should not be considerable,
bacause;

(1) The irrigation was slways terminated by Thursday in three plots
and by Friday in the other three plots; the block readings were taken
on the following Tuesday, The blocks were thus given 84 hours to come
to equilidrium to a tension corresponding to field capacity,

(2) If after 84 hours the block reading gave pF walues of less than
29, the readings can bs taken as relisble inammoch as the sensitivity
of the blocks does not start from 2,9. Furthermore, there are indications
that errors due to hysteresis are highest below pF 2,9 and above pF 2,9
axe considexrasbly lower,

(3) If the blocks may be assumed to have ocame near to equilibriusm
with the tension corresponding to field capacity within 84 hours, and
the sibsequent blook readings gave the pF values higher than 2,9, the
readings obtained would be within the hysteresis loop of that group of
blocks,

(4) If the blocks did not start from the equilibrium of tension
corresponding to field capacity the error may then be considsrable.

Further work is necessery to show how long a block will taks to
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mtoe@mmmtmwfieldmpadtymmmm
field conditions, and also the magnitude of hysteresis thereafter.

Howsver, no further analysis is possible in the absence of mare
detailed data, It is certain that grester reliance may always be placed
on gypsam block behaviour when the resistance readings are taken on the
drying cycle,

In the non-irrigated plots there is no question of hystersis effect
asthoblodanrealmmadrymgpartofﬂnmhmaptfwthetop
1footwhiohmoocaniom113nttedbymra1nandirri@tian. It is
marfranthadat.inAppandimBoiandethatthopFofﬂumilmtor
ofthobop2feetofthon'rigntodplotsmformstofthetinnhi@m
than 2,9, Hence it may be assumed that the dlagram yresented (Fig, 15)
canbetalmnuava]idmuntationorwilmizmretm&ange.
in the two treatmenta,

(2) Sempling looations,- In order to test the accuracy of calculating the
amount of irrigation water $o apply fram tensicn data, Asharoft and Taylor
(1953) dotemmined the coefficient of varisbility of modsture tensiocn data
mmwpummmmummmmnmm
mgmdmmmum&g%mmmmbm
variation, Thay contended that the variabdlity of the blocks themselves
isamdmaqyoftbblo&s,wh&lethemimdbmﬁmplm
block variability is an estimate of the procision with which the moisture
tension was actually measured, They concluded that thes greatest source
dnmtimmmlufmtbo-npnnglooatiom,mdmggeatodtbatthhis

due to uneven soil disturbances in installing the blocks, real differences
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in 801l modsturs tension within the plots, caused by either uneven
application of water or differential removal of water by a crop or by
real differences in the soil itself,

The result of the present investigation supports the views put
forward by Ashcroft and Taylor (1953), and Taylor (1955) that uneven
distribution and uneven penstration of water contribute to the variability
in pF readings (Appendix Bi), It has already been mentionsd that equal
amounts of water could not be applied to all the six irrigated plots,
Furthermore, the plots were watered over an interval of 2-3 days, The
disgram (Figs, 7 and 8) of changes in soil-moisture tension in irrigated
plots clearly indicates the effects of differences in time and amount of
irrigation,

Sinoe all precautions were taken to instsll blocks carefully
it was thought that errors due to uneven disturbance of soil during
installations would be amell,

(3) Block Veriation,~ The results of Ashcroft and Taylor (1953) and
Taylar (1955) indicate that there is a smaller source of variation among
blocks themselves than between locations, It was suggested that this
~ wariation arises from two scurces: viz, randam variation smong blocks and
drift of calibration curve with time, Sinoe in the present investigation
the blocks were selected (see p.34) as sugyested by Aitchison, Butler and
Gurr (1951), it may be expected that the error ceused by random variations
among blocks would be at a minimmn,

(11) Drift of calibration with time. - Asharoft and Taylor (1953)

and Taylor (1953) suggested that drift in calibration curve with time is
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due to re-crystallisation of the gypsum in the blocks and cannot be
eliminated, Taylor (1955) suggested that the magmitude of the change
depends on the mumber of drying intervals and the mmber of days between
each drying interwal, Changes in calibration were greater in the wet
range (low resistanoe valus) than in the drier moisture range, ‘There is
no cuestion of drift in calibration curves for the blocks used in non~
irrigated plots, as for most of the time they were on thae drying part
of the cycle, 6 and 12 inches being the exception,

The drift in calibration curves of those blocks installed at
6, 12, and 24 inch depths in irrigated plots may result in error as they
were alternately on drying and wetting cycles, However, very little is
known sbout this drift with use under field conditions, partimlz;rly
under irrigated luocermne,

(4) Soil Salinity,~ Since the percentage of total soluble salts of
the soil of the present experiment is less than 0.1 per cent, , the
effect of salt is taken as negligible (Aitchison, Lutler and Gurr 1951),
(e) Calculation of Moisture Percentage from pF Data

There is no doubt that when gypsum blocks are used directly
for measuring the moisture content in the field, the changes brought
about by distwurbing the s0il could lead to a considerable error, Sinoe
the pF-moisture content relations are different for disturbed and
undisturbed soil, a laboratory colibration of the gypsum block in terms
of moisture content of a disturbed sample would not be suitable for

field measure:ents,
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In view of these, the best way to utilise gypsum blocis to
measure molsture oontent in the field is éither by direct field calibration,
which had already beenm discussed, or by an indirect method,

The indirect method consiste of two steps, The first is to
calibrate the block resistance against pF and the second is to ocbtain
the pF-maisture content relationship tor an undisturbed asoil of various
depths, This is an involved way of making thc measurements but it
appears to bs the only alternative to fiecld calibration if reliable
results nre to be cbtained in soil frum gypsum blocks,

Bearing in mind these limitations in the use of gypsum blocks,
the pF-moisture content relationship was obtained for undisturbed soil
of various depths at a time when the soil down %o the depth of 60 inches
was wet to about the tension of field capacity, In order to exmmine
whether the moisture percentages calculated from rP data agres or not
with moisture percentages obtained from sampling technique, actual samples
wore taken in the present experiment at various depths on =ix occasions,
It will be clear fran Tables 27 and 28 that moisture percentsges
calculated fxran pF data provide a satisfactory bssis for the celculation
of water use,

The results of Taylor (1955) indicate that the poasidility of
reducing the coefficient of varisbility below 10 per cent, with
gravimetric mesthods appeers unlikel; for field sampling of moisture in
moist soils, Therefore any indirect method approachiry this precision
is an acosptable alternative in the field, and it is sugpested that

gypsun blocks coare in this category,



Teble 27

Comparisons of Moisture Percentages obtained from

PF date and from direct sampling

ed Plo
Gypsum Blocks® Direct S.‘»axzxplingf

Depth Depth

(in.) (in,)
Date 6 12 2 36 48 60 6 12 2h 36 48 60
1 12, S 11.0 9.2 21,9 22,5 248 21,5 10,7 8.9 20,3 23,2 251 21.0
28,12, 5, 10,9 11.9 22,0 21,6 23.4 20,1 15,0 150 24,5 20,9 238 20,8
510,55 12,6 14,2 23,6 26 A5 19.5 10,9 13,4 27.4 25,2 247 214
18, 10, 55 10,5 11,6 22,7 22,5 20,9 17.8 1.2 93 25 22,9 20,4 16,8
10, 1,56 6.6 Tole 19,9 17,7 16,9 14l 51 7.5 20,5 19.6 16,9 15,2

* Mean of 18 walues
t Mean of 6 values

261



Table 28

Compaxisons of Molsture Perosntages oblained from
pF data and from dixrect sampling

Mxmmd Plots

Gypsum Bloocks® Direct Sampling®
Depth Depth
(in, ) (1)

Date 6 12 2 36 48 60 6 12 2 36 48 60
22, 11,54 11,2 11,4 249 251 228 21,5 95 11,3 27.1 26,6 255 21,5
oy 124 5 7.1 81 21,6 23,2 22,6 19.7 7.0 8,0 22,3 231 2,5 21,0
28,12, 54 68 75 20,4 20,5 21.3 18,1 6.8 7.7 19.6 23,2 21,6 18,2

5.10,55] 128 135 25,6 26 2.5 19.4 | 109 13k 2.4 252 250 199
18, 10,55 10,1 11,5 22,7 21,6 21,3 17.3 11.2 %3 235 23.0 21,0 16,6
10, 1,56 &6 T8 19.9 17.7 169 b4 51 7.5 20,5 19,6 16,8 145

* ¥ean of 18 wvaluas

¥ Mean of 6 values

$13!
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(@) Factars affecting Dry Matter Production

It is proposed to discuss the factors affecting the dry matter

produotion of first irrigated and then of non~irrigated lucerne,
(1) Irrigated lucerns

The acoumilation of dry matter is the net result of the total
photosynthate produced in the leaves leas the total respiratory loss in
the entire plant, The rate of accumulation of dry matter may be ex:ressed
as the product of leaf area and net assimilation rate (Watson 1952), and
any faotor limiting ths develomment of leaf area or net assimilation rate
will thus have a limiting eff'ect on the accumulation of dry matter., There
is increasing evidence that variations in yield as measured by the
acoumilation of dry matter are laryely defined by variations in leaf area
(e.8s tWatson 1952 and 1953) rather than variations in net assimilation rate,

Doneld (1951, 1956) has emphasised the importance of light as
a factor in plant environment and has stated that if mutrients and water
are non~limiting the amount of light energy available per unit srea is
the sole factor determining the total yield of pasture, once a camplete
cenopy has developed,

In a review of the influence of verying light intensity on the
growth of herbage plants Black (1957) oconcluded that the growth of pasture
species is primarily dspendent on the quantity of light energy available
rather than on the intenxity, In a recent disocusaion of the significance
of leaf area in pasture growth Donald end Black (in press) have stressed
that light and light alone may become the factor governing the productivity

of a pasture when mitrients and water supply are non-limiting,

r ey
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Watson (1956) found a high correlation between yield of dry
matter and leaf area index and reported that the rate of dary matter
production in kale was incressed to a maximmn when the leaf area index
(LAI - the ratio of leaf area to ground surface) had a value of sbout 3 and
decreased to Y0 per cent, when LAI fell to 5, Davidson and Doneld (in
press) have also found that the rate of dry matter production of tops
increased to a maxirum when LAL was about 4, falling by about 30 per cent,
when LAL reached 8,7, Brougham (1956) has also pointed out that the rate
of growth is related to the perocentage of light intercepted by the herbage,
and to leafl area,

In a sward each layer of leaves will receive less light than
the layer above it, Thus it can be seen that each reduction of light means
a lesser leaf efficienqy (i.e, the rate of dry matter production per unit
of leaf area will decline); each layer in the canopy makes a smaller net
contribution of photosynthesis over respiration; and leaves deep in the
canopy will have resriratory losses exceeding their photosynthstioc
contributions, Henos lower leaves heavily shaded by upper leaves will be
in negative balance, Davidson and Donald (in nress) have pointed ocut
that all these effects depend on the light relationships within the sward
and their influence on the balance of photosynthesis and respiration,

With these results in mind an attempt is here made to explain
the relation cbtained between the mean rate of dry matter production and
dry weight of tops at the beginning of the period; lsaf areas were not
measured and dry weight of tops is used as the only available criterion,
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The present results sugpest that at DWT (dry weight of tops)
of 1015 cwt/ecre (Fig, 33) the lower leaves were in equilibrium between
photosynthetic gains and respiratory losses, and the sward as a whole had
reached its optimum loat’ area und hence optirmm IMT for dry matter
increment,

As the IWT increased beyond 15 cwt/acre there is a cteady decline
in the mean rate of dry matter production (i) in the ensuing period,

It is suggested that the quantity of light availsble to the lows: loaves

of the canopy fell below the cumpensation point when the IWT rose above

15 cwt/acre and that the respiration rate of these leaves was then higher
than their rate of photosynthesim, Nevertheless, the rate of photosynthesis
of the whole plant will still be greater than its rate of respiration

since it has enough leaves expossd to higher intens.ties of light in the
upper layer of the canopy.

If the curve (iig. 33) of the mean rete of IMP is extrapolated,
the rate of IM will be zero.when DNT reaches sbout 35 owt/aare, This
is in agreenent with the presentation in Pig. 35 inasmuch as the growth
cuves of all three harvests flatten out at this same value of DWT. 1In
Broughom's experiments it is probable that if the totel hexbage growth
curves for each of the four starting dates (Brougham 1955) and the growth
curves of total herbage defoliated at 1, 3 and 5 inches (Brougham 1956)
were extrapolated, they all will flatten at the same level. It mey also
be inferred that in the present experiment vhen DNT reached 35 cwt/acre,
the respiratory losses were in equilibrium with the photosynthetic gains,
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It has already been rentioned that once the d&ry weight of tops
(D¥T) reached 10 cwt/acre the rate of growth seemed to be independent
to a considsrsble degree of the ssasonal conditions, within the limited
range of conditions experienced, On the other hand the time taken by the
lucerne in the Harvests I, II and III to reach 10 cwt/acxe was approximately
24, 13 and 17 days respectively.
Three reasons for the difference in time taken by the lucerne
in the three harvests to reach 10 cwt/acre may be put forward:
(1) The amount of available soil water at the beginning of
the harvests,
(2) The mmber of lateral shoots per crown at the beginming
of the harvests,
(3) Air and soil temperatures.

(1) Total available water supply,- Fram the data of larris (1914) on
oorn, and Barnes (1936) on carrot, it cen be said that an incresse in

water supply favours shoot growth more than root growth and vice versa,
Henoe, if water was limiting at the outset of harvests II and III, the
time taken to reach 10 owt/acre would have been more at these two harvests.
Although the total svailsble water (available water stored down to 66
inches + irrigation + rain if any) at the beginming of harvests II and III
(Table 29) 1s less than that available at the beginming of harvest I, it
appears safe to indicate that water was not limiting for harvests II and
III and that the differences in time teken to reach 10 owt/acre cemnot

be ascribed to the differences in the water supply.
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(2) Number of lateral shoots,~ Very coamwonly, the crown of a lucerns

plant consists of three or sometiies four branches, in addition to the
primary stem, After defoliation, several brenches arise from adventitious
buds which occur at the bases of the axillary branches, Therefore at
the beginning of harvest II the murber of stems per crown will be more
than at the beginning of harvest I and similarly the plants during harvest
III will have more stems per crown than in harvest II, This may partly
explasin why the plants in harvests II and III took less tire than in
harveet I to reach 10 cwt/acre,
(3) Temperature,- The data of Barmes (1936) on carrots and Brown (1939)
on four different grasses show that increase in temperature results in an
increase in shoot growth compared with root growth, and therefore lower
root-shoot ratio, For example, the results given by Brown (1939) show
that the dry matter (g ) of herbege increased fram 17,19 to 2409 and
dry matter of roots decreased fram 9,13 to 4 63 when the temperature was
increased fram 70°F to 80°F with the result that root-shoot ratio
was decreased fram 0,53 to 0,19, Similar reports were observed for
Canada blue grass, orchard grass and Bermuda grass (Brown 1939). However,
it was not reported whether the same sort of behaviowr will be obtained
if the temperature is decressed fram 80°F to 70°F,

If the results of Brown (1539) are taken as generally
reprosentative of the effect of temperature on shoot and root growth,
it may explain why the lmcsrne in harvest II took less time than in

harvests I and III to reach 10 cwt/acre,



Table 29

Probable envirommental factors affecting the attaimment of
10 owt/acre in 3 harvests after imitial cutting

Total availsble

Time taloen to Alr Temperature Ave, Soil water at the
reach 10 owt/acre Quring the period Temperature beginning of
Harvest | after imitial (°F) (0=66 in, ) the harwvest
(Days)
I 2 78,82 58,01 68,42 18.3 7.32
o 13 85. 59 63 34 The 47 19.8 5 69
I 17 76,90 57. 61 67. 26 18.9 3.97

661
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I'mediately after defoliation, the camxbohydrate contents of roots
of grasses decreases rapidly for sbout a week or ten days and then increases
for about four weoks, when it reaches the original level (Sprague 1952).

In lucerne, according to Grandfield (1935) there was a rapid decline in
carbohydrate after dafoliation and it reached the mirdmum in 20 days. This
rate of decrease and the point of minmimm storage will, of course, depend
on many factors particularly on temperature (air and socil), the amount of
plant growth or leaf area and rate of growth,

General conclusions.~ In the sbsenoce of more detalled data, the following

conclugions may be reached; (see Table 29)

(1) The lucerne in harvest II took less tire to reach 10 cwt/acre
than in harvests I and II1I because:

(a) both mean air temperature and mean minimum temperature
were higher,
(b) average soil tamperatures were higher,

(2) The lucerne in harvest II took less time than in harvest I
beceuss, in addition to the sbove factors, it may initially have had more
mmbexrs of lateral shoots,

(3) The lucerne in harvest IIT took less time than in harvest I,
also becsuss of the higher mmber of lateral shoots initially present,
(14) Bon-irrigated lucernme

Under the conditions of the experirent it is reasonable to aasume
that any additionel growth in the irrigated plots oampared with the non-
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irrigated plots is due to the amount of water given to the irrigated plots
(see graph of Fig, 34B), The present uypothesis does not, however, assume
that unit amount of water is necessary to increase unit amount of dry
matter in both treatments, it is realised that the deficit in growth

and growth-rate will be a function of the age of the plant at which it is
cut, and also at which stage the irrigation was applied,

It is known that once the plant has wilted or severely wilted,
it vill never regain its initial physiological condition even after
irrigation and cannot be compared with a plant which has never wilted and
was growing under a plentiful supply of water, Meyer (1956) has stated
that "In general, the longer that severe internal water deficits persist in
a plant aming its growing season the more dwarfed or stunted growth for
that season will be, Herbaoceous plants never attain their usual stature
during a growing season which is characterised by promounced drought®.

If the straight line dArawn in Fig, 34B is teken as a true
representation of the empirical relationship between deficit in growth
rate and the difference in the amount of water given to irrigated and
non-irrigated plots, it shows that when the difference in the smount of
watex applied is sero, the deficit is 0,424k cwt/acre/dey., It is suggested
that this is due to the past history of the plant - in other words is a
consequence of the mmber of wilting periods experienced, No camparable
results ssem to be availsble in the literature,

(441) Growth of lucerne in the second year

The data of ary matter production in harvests IV and V (Table 23)
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of irrigated end non~irrigated plots show that there are significant

differenceas (I = < G,01) in yield at each cutting in both harvests;

irrignted plots always gave higher yiclds than non-irrigated plots, An

oxamination of water use (Tsble 30) and efficiency of water use (Table 31)

dnta of both harvests sug sts that there are no significant differences

in water use and efficiency of water use between the two plots.
Neverthsless, in the sbsence of more detailed data it is proposed
to discuss the differences in yield of dry matter production in terms of:
(1) Shoots
(2) roots

(1) shoots.~ Although it was found that there was no significant

difference in the mmber of plants per unit area at the ond of harvest V

(‘fable 10) it is highly probable that the number of lateral shoots/crown

wes much more in the irrigated plots than in the non-irrigated plots and

this was actually obscrved at the start of harvest IV, The early
difforences in yicld between the two plots are understandable but the
diffe_:renoea in the final yield of harvests IV and V are not easily
understood, since a period of same five months had elapsed in which both
trcétznenta were plentifully supplied by natursl rainfall,

(2) Rootse= The amount of injury caused by the direct and indirect
effects of prolonged water deficits will depend on the prevailing weather
and the duration and the severity of water stress, There are definite
indications thet root hairs die as a result of a dsficlency of water evem
whenthcplantsaremaintaimdforonlyafcwd&ysmaconditionor
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Table 30
Amount of Water Use - in,/acre at each cutting
(Second Year)
Harvest - IV
First Cutting
Irrigated Plota Nonw1. ted Plot
Plot Water Use Mean Plot Vater Use Mean
A 6.03 o] 6, 68
B 5. 76 E 5, 22
D 6.85 6. 31 F 5e 62 5. 90
o T bl I 5 170
H 570 K 5.27
J 6,08 L 6.93
Second Cutting
A 2,95 c 263
B 3,61 ] 3.87
D 2,55 3.17 F 3.80 3.90
G 2.15 I 4 72
H 3.87 K 5.25
J 3.87 L 3415
Third Cutting
A 1e13 c 7,05
B 7. 19 K 7.38
D 7o 14 6. 89 F 7. 30 6. 81
G 6,78 I 6o S
H 6.29 K 6. 40
J 6.73 L 6e 21
Harvest V
First Cutting
A 1% c 1.4
B 1,66 E 175
D 1,64 1.83 F 1453 1.58
G 1.83 I 1.29
H 2.39 K 1.33
Jd 1,50 L 1. 77
Second Cut
A 0. 78 c 0,63
B 0, 61 E 0, 61
D 0, 65 0, 65 F 0.58 0, 63
G 0,63 I 0, 58
H 0,58 K 0,58
J 0, 65 L 0. 77
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Table 31
Efficiency of Water Use - cwt/acre per inch of water used
(econd Year)
Harvest -~ IV
First Cutting
Irrigated Plots Non-IxTigated Plots
Plot Bfficiency of  Mean Plot Efficiency of Mean
Yater Use Jater Use
A 3. 76 Cc 3¢ 40
B 4,30 E 4y 32
D 3,64 3,87 F 3. 64 3,66
G 3.25 I 4,28
H 44 00 K 3,63
J 429 L 2,69
Second Cutting
A 2,46 C 2.35
B 1.97 B 2.13
D b 11 2,82 F 1o &3 194
G L33 I 173
H 2,22 K 2,08
J 1,81 L 1.89
Third Cutting
A 1,10 c 0, 61
B 0, 38 B 0. 06
D 0, 57 0. 48 F 0,98 0.47
G 0. 35 I 0, 36
H 0.33 K 0,08
J 0,35 L 0, 74
Harvest -~ V
First Cutting
A 7. 64 c 5 99
B 8.45 E 6,16
D 8.29 7.01 F 6, 60 7.12
G 6,42 I 10, 71
H 5. 35 K 7.12
J 591 L 6, 11
Second Cutting
B 1.52 E 2,36
D 2.00 5 57 F 4 66 3.38
G 5037 I 2,17
H 4y 31 K 2. 72
J 10, 22 L 2, 60
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permenent wilt (see beyer 1956; Loustalot 1945) and that root systems of
plants in soil allowed to dry down to permanent wilting showed decreased
capacity to absorb water and did not regain their full sbsorbing capacity
until several days after the soil was wetted to field capacity (Kramer 1950,
1956).

It is expected that under the conditions of the experiment there
must have been serious injury to the root hairs during the Adelaide summer
inasmuch as the pF of the soil water for about five months of the whole
profile was greater than 4,20 (Fig. 15) Although the recovery and
resumption of root elongation may occur campletely during winter, it is
unlikely that the percentage of roots exposed to unit volume of scil was
the same in both plots particulerly in the top 66 inches, While excavating
the roots on Jamuary 11th, 1955 (see p, 66) it was observed that the tap
root was branched more than it agpeared to be at the cnd of the seocond year
(see photograph 8).

licvertheless, since there is no difference in water use and
efficiency of water use the difference cannot be due to the dying of roots,
at least not in the top 66 inches,

However, ths previcus treat::ent has had some effect on the plants
or roots of the non-irrigated plot that had a residual effect in the second
year (Fig, 36 ). It is surested that either the roots below 66 inches
have more absorbing surface or decper depth of penstration in irrigated
plots than in non-irrigated plots,
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(e) Factors affecting Water Use
It is proposed to discuss the factors affecting water use of
{irst irrigated and theon of' none~irrigated luccrne,

(1) Irrigated lucerne
(1) _eon smount of lierbage Present.- The fact that the rate of water

use was approximately the same (Table 19 particularly in harvest III) even
vhen the meon dry weight of herbage rresent was 4.6, 18,9 and 32,4 cwt/acre
suggests that the weter use is independent of plant height and plant cover,
llagan and Yeterson (1953) also found that an alfalfa-;russ mixture produced
3,72 and 10,30 tons/acre with two and fiive weeis' cl. ping vhile ladino
clover grass mixture produced 5,59 and 3,00 tons/acre when cut at two and
five weeks' intervals; notwithstanding these larpe differences in yield
they oould not find any detectable differences in consumtive-use rates,
Aslyng ond Kriestensen (1453) have also found that cutting lucermeand
clover grass at different frequencies has practically no effect on
evaporation and that the total evaporation during the experiment was
practically the same at the individual looations irrespective of the variety
and slze of crops ,

It is highly probable that the transpiration of lucerne for the
short period irmediately after the defollation and bLefore new leaves are
forred is lower than that of lucerne with a fully developed leaf system,
but these periods (only two to three days in the present experiment) are
quite transitory vhen lucerne is growing fast in the Adeslaids summer,
end it is sug,ested that this would not affect the general conclusion,
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“hen the present results are examined in relation to the views

of Perman (1956), schofield (1952) and .:.ornihwaite (1948) and are compared
with the results of various workers (including Halkdias, Veihmeyer and
Hendrickson 1955) it becomes evident that whea water is non~-limiting the
plant acts as a conducting chammel ror water between the soil and the
otmosphere above, and the water use by actively growing plants completely
coveriug the ground ie largely independent of the plant,

(2) Envirommental conditions,- The present results have shown that

the mean rate of water use (Wi) by irrigated lucernes is related to mean
soler radiation (Rg), mean air temperature (Ta), mean evaporation fram a
free water surface (ij)* and mean saturation deficit (s.ds. ). Howewer, it
must be realised that the relation of Wi to any single factor such as with
R;, or Ty or Ey or s.de is complicated by the close correlation between
carponent factors; all the factors are inter-dependent although the degree
of dependence may vary. Because of the influence of other camponents it
is umreascnable to expect a clear relationship between Wi and Rg or Ta
or By or s,de Nevertheless, an attempt is here made to ascertain which
of these components are satisfactory and closecly related to Wi,

(1) Solar Radiation (R;).= The present results have shown that there
is a positive relation between Wi and Rg. Schofield and Pemman (1948)
have sugcested a close relation between evaporation and the amount of Rp
incident upon the vegetated arca, Impresscd by the effect of R on
evaporation Schofield (1952) went so far as to state that the maximm rate

* It is realised that Ey is not an envirommental factor but since it gives
the integral effect of a mumber of envirommental factors, it is included
here,
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of water loas (potential transpiration; fram plants depends almost entirely
on meteorological conditions, primarily incident solar radiation - R and
scarcelyatallonthomtu;'e of the vegetation, so long as it is in a stage
of vegetative growth and effectively covering the soil, It should be noted
that Schofield's analysis assumes an adequate sunply of water to the roots,

Since evaporation requires energy to supply the latent heat of
vaporisation, various workers (Briggs snd Shantz 1916a, 1916b; Baver 1954)
have reported a close positive relation between transpiration and solar
radiation, |

According to Miller (1938. p.458) the acoelerating effect of
radiation on transpiration is due to:

(1) Higher temperature of leaves,

(2) Greater permeability of protoplesm as suggested by the
work of Iwanoff and Thielmann,

(3) Imbibitional chunges in the oell-wall colloids,

However, Martin (1935) reported that the acoelerating action of
rodiation is dus largely to its heating effect and that the change of
permeability plays a minor role, He believed that any change of
poxmeability that may ocour under the conditions of his experimsnts would
be oither small in ocomparison with the heating effect or direotly
proportional to the intensity of radiation,

It is reasoneble to conclude that solar radiation influences
tronspiration almost solely by maintaining the leaf at a higher temperature,
resulting in a higher wapour pressure of the evaporating surface and that

rermeability changes will be negligible,
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It is to be noted that the important point is not how much solar
radiation (Rg) is available but how much total energy (Iip)* is aveilable
for evaporation, water use data is theorefore likely to be more closely
related to Hr, because it takes into account both back radiation (Ry)*and
reflection, Since R is likely to be large if RC is large (higher temperature
and cleer skies), lI; will not be proportional to R;; hence it might be
expccted that Hy would give o better measure of energy available for
evaporation than Rg, lowever, an examination of the present Wi data shows
that the correlation coefficient of Wi with Hy is 0,5114 which is
significant at 2 per oent, level, while with R; (see p,138) it is 0, 5030
which is significant also at 2 per cent, level, Although the present
result shows that the Wi is related to Ry or Ilip to the same degree it is
cartain that Vi .i:iculd be more closely related to Hy than to Rg.

However, there is positive evaporation at R or Hp = 0, 1€,
evaporation will be greater tuan zero oven when iy or R is zero (e, g
see (e Vries and van Duin, =nd lilthorpe, personal cormumication), Since
energy required for evaporation cen come fro the radiation currently
incident on the leaf or frum the surrounding air, evaporation can continue
in the sbsenoce of incident rodiation (Hp = O, or even negative),

(2) Mean Air Temperature,= It is clear from Fig, 25 that water use
between S0°F and 80°F is increasing at approximate rate of 0,007 in, /°F

increasc in tamperature,

* For calculation of Hp and Ry see p, 163,
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the (1) Because of rapidity of exchange with the air, the temperature
of/leaf rarely differs from air temperature by more than 5°C and is likely

to be higher then air temperature (particularly in clear direct sunlight)
and lower when radiation is low or absent,

(2) The vapowr pressure of the leaf follows leaf temperature, i.e,
is equal to the saturation vapour pressure of water at the same temperature,

(3) Because the air is not saturated, the vapour pressure of the
air does not change very greatly,

the present positive relationship between Wi and the mean air

temperature can best be explained in temms of difference in vapour pressure
and the increase in Wi at higher temperature is dus to the relatively
greater vapour pressure increase inside resulting fram the heating of the
leaf,

It is evident that a rise in temperature of the leaf alone or of
the leaf and air markedly increases the rate of transpiration, It is
highly probable that within the narrow range of temperature (e.g. between
60°F - 80°F), the relationship may be of linear type. There are other
elarents, for example, such as wind, lag of air temperature behind solar
radiation (Presoott 1943) the it is very difficult to generaliisc es to
the nature of the curve, particularly when the data are obtained under
field conditions. Considering all these limitations and notwithstanding
the standard error of the estimate (% 0,047) the present data fit a

stroight line reasonably well,
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General Conclusigns.- The present relationships obtained between Wi and

nean air temperature, evapcration fram free water surface and saturation
deficit have shown that either mean air temperature, & or s.d. can be
takon as a relisble measure of water use by irrigated lucerne,

Saturation deficit and eveporation fram free water surface both
give a measure of the evaporating power of the air; FPrescott (1949) has
shown that these are related to water use, In the present experiment a
very good relation is found between water use by irrigated lucerne and
Prescott's “"moderate® water use using both types of values i.e, ewaporation
from a free water surface (see Fig, 27) and saturation deficit (see PFig, 28),
lievertheless, the ideal dimensions of a standard evaporating surface
(Penman 1956) are still a matter of controveray, and since saturation deficit
is easily measured, this latter measurement may be prefexred,

Sinoe the present result is supported by Prescott's classification
of plants with a typical water use cunstant, the present relationships
between water use and evaporation from free water surface or saturation
deficit may be regarded as typical for lucerne with an ample supply of water,

Although the mean air temperature and water use curve shows a
satisfactory fit, it is not associated with a theoretical model and henoe
cannot be given any gemeral significanoce,

(11) Non=irrigsted lucerns,-

Water use by irrigated luocerne was related to cther envirommental

factors, because;

(1) V¥ater was non-limiting
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(2) There was an effective plant cover, and

(3) Plants were growing actively.
This suggests that water use by non~ixrigated lucerne (Wn) will not be
directly related to any other enviramental factors.

Although the present dats of Wn has clearly shown that it is
dependent on the amount of available water stored (#s - n) and irrigation
plus rain (In + R), the magnitude of dependence varies, Wn is more
dependsnt on the external supply of water than on Ws = n, This may
be because:

(1) ‘henever irrigation wus given or rain fell, pemstrationof
water is confined to shallow depths,

(2) The concentration of roots i: maximal in the top 24 inches,

(3) Surface evaporation as well as plant transpiration oocur,

The low dspendence of ¥n on the amount of available water stored

may be because,
(1) At Geeper layoers the rate of absorption of water by roots
is limited by the rate of movement of water through the soil to the
roots, in turn dependent on tension gradient and the capillary conductance,
(2) The capillary conductance decreases and the tension gradient
increases as the moisture content decreases,
(3) Although unsaturated permesbility is not nmegligible in the
moisture range above the wilting range (Richards and Wadleigh 1952) there
is conclusive evidence that moisture will not move from root-free soil

ot a moisture content below field capacity at a rate adequate to supply
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roots in adjacent soil at distances of the order of a number of centimeters,

(f) Comparison of Pemuan's Potential Transpiration with actusl water use
data obtained from the irrigated lucerne

It will be clear fram Fig, 40 that Pemman's By gave wvalues of
water use which wexre lower than those recorded for irrigated lucerne,
C.ymalative By has been plotted against time for the three harvests, and the
actual amount of cumulative water use (¥i) for three harvests is also shown,
Proscott's “moderate® water use (¥i = 1,2 5,°* /°) data (cumulstive) has
also been plotted, and is seen to fit the present data better than does
Perman's Ep,

It is proposed to discuss Pemman's Ep under two sectdions:

(i) The probable reasons for the consistent under-estimation of
water use by irrigated lucerne in the oonditions of the present experiment,

(11) The probable limitations of the formula itself,

(1) The following reasona may be put forward for the low walues of Ep
found in this experiment:

(1) Perman's formula assumes an infimite vegetative surface
(closed, level cover of vegstation of considerable horizontal extent),
with adequate soil moisture, The present date were obtained froam the -
aix separate plots, each of one twentyninth of' an acre, although they had
adequate so0il moisture at all times, As the sumer proceeded the
surrounding soil becare less and less vegetated i,e, there was really a
decrease in plot size frum an infindte size to one of small dimensions,

In these circumstances evaporation fram those plots will be higher than
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from an infimte surface. The increase in the ratio of Wi/EO with time
probably indicates the effect of the surrounding soil becoming less and
less vegetated (Table 4, Appendix E).

(2) Purthermore, four quadrats each of 5 x 5 links were cut to take
the yield data from each plot. Hence vegetation within the plot itself
is not homogeneous, Pemman (1948) went so far as to suggest that plants
that project sbove the suarounding vegetetion will have more favourable
conditions for heat and vapour exchange with the air than thosc wvithin
homogeneous vegetation, Under these conditions the measured transpiration
will be higher than the ocmputed Egp, Hencs there will be more ewvaporation
fram the plots than if it has been completely hamogeneous,

(3) Although the total hours of sunshine and duration of bright
sunshine are independent of the size of the plot, the temperature and the
vapour pressure regime over the experimental plots will definitely be
different from that which would hold if they wers suxrrcunded by an infinite
surface of vegetation with an ample supply of moisture,

It should, howsver, be pointed out that the measured water uas
data is not likely to hove been overestimated; <firstly, no percolation of
irrigation or rain water below 2 feet was observed and, secondly, water
was applied through 'soaldt' hoses lying on the soil surface and there was
therefore very little chance of water being evaporated direotly from
leaves,

(11) The following reasona may be put forvard to indicate that Pemman's

(1952) formula is not yet a workdng equation:
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(1) In Perman's hypothesis, the plant leaf is treated as a system
discharging water vapour through the stomata in an irmperwvious cuticle, and
when the stomata are closed, water vapour discharge from the lesf is
considered to cease, In fact it has been shown that in same spacies
(e.2., Antennaris dioica, Calluna vulgeris), the closing of stomate may

only reduce transpiration to 5~10 per cent, of the original value and in
some species (e, g , Pinguiculs vulgaris) the cuticular transpiration may
amount to 25-40 per cent, of the total (Hygen 1953), Curtis and Clark
(1950, p.187) have stated that "there is some loss of water also through
the cuticle; when the stamata are open this cuticuler loss is probably
usually much less than 10 per ce.it, of the total but may, in exoeptional
cases such as thin, shade-grown leaves, be as high as 25 per cent.".
Stalfelt is quoted by Curtis and Clark (1550, p.187) as having found the
cuticular transpiration in birch (Betula pubesoens) leaves with wide-open
stomatn (8. in dlemeter) to be about 3 per ocent, of stomatal transpiration,
whereas that from similar leaves with the stamata nearly closed (only

14 in dlsmeter) was sbout 4,5 per cent, Moyer and Andsrson (1952, p,126)
have stated that "Fven in leaves which are heavily coated with cutin, same
cuticular transpiration occurs, possibly largely through tiny rifts in
the cutin layor, I most species of plants of the temperste sone less
than 10 per cent, of the foliar transpiration occurs through the cuticle »
the remainder bsing stamatal transpiration™. All these results indicate
that thers will be a considerable flux of water into and out of the leaf

independent of stamatal control,
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(2) It was assumed (Permman and Schofield 1951) that the stomate are
fully open fram half an hour before sunrise to half an hour after sunsct.
There does not seem to be any literature to support this assumption., The
opening of the stomata depends not only on the light but also on the daily
pattern of envirommental factors, Such universal assumptions do not appear
to be satisfactory, Although his methods are open to question, Loftfield
(1921) has found that there is a great variation in the behaviour of the
stamatal aperture of the different leaves of the same plant and even on
the same leaf, The stamata on the upper surface may behave differently
from those on the lower, Not all the stomata on a plant are nsoessarily
open at the sane time, and different stomata may differ merkedly in their
degree of opening at the ssme time, le has also found that in alfalfa,
stoamata situated on the lower swrface open more alowly and close earlier
than those on the upper, On the other hand, in the present experiment it
was found that stamata of the upper epidarmis open more slowly and close
sarlier than those on the lower.® Loftfield also found that in alfalfa
stomata open in 2 to 6 hours after daylight, reuain open from 3 to 6 hours,
and then gradually close during a period about twice as long as that
required for opening., In the present experiment (8.4.1955)T opendng of
the stomata was noted at 0500 hours in the lower epldermis and reached

maximm between 1200 to 1500 hours, Same stamate wexre still open at

{
* JMeasurements cbtained by the “infiltration" method, in which the diffusion

into the leaf, of liquids of different surface tensions and wettebilities
is noted,

t+ sSunrise at 0602 hours.
Sunset at 1732 hours,
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open
1800 hours and no stomata/at 2100 hours., INo stomata of the upper epidemmis
were open at 0600 hours and partial opeming was observed at 0900 hours and
reached the maxirmmn between 1200 to 1500 hours, No stamata were found
open at 1800 hours., HNou closing of the stamata either of the upper or lower
epidermis was observed during the day,

(3) The assumption that during the night (Ls = 0O ) the stomata are
campletely closed and that there is no other way for water to pass through
the epidemis is certainly not true for lucerne, Partial operdng ' the
lower epidermis at 0100 hours on 8,4,55 wos observed, Nocturnal opening
of the stomate of lucerne was also cbserved by Loftfield (1921). In fact,
this was one of the reasons why Perman (1952) indicated that lucerne was
not a good tost crop, There is definite evidence that nocturnal operming
of stomata does ocour in other species (e,g. Tradescentis sp., Pisum sativum,
Phaseclus wvulgsris, Nicotiana tebacum - Desai 1937) and that high
temperatures, especially at night, aprear to be asaociated with this

phencmenon, (Meyer and Anderson 1952, p.155)s A reduced partial pressure
of oxygen in the intercellular spaces as a result of night respiration may
sometimes induce nocturnal opermdng of the stomata (Meyer and Anderson
1952, pe155). However, the amount of opening in the night may not be
great and the sdditional stumatal conductance relative to cuticular
conductance would be mmall,

(4) There is indeed no a priord reason for using le = 0,16 but the
value to be assigned to Le may be calculated fram the gecmetry and populationl
of stamata as given by Perman and Schofield (1951); this value was used
by Perman (1952) himself in his study of water use by lucerne at Griffith,

N.5.¥, , Australia,
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(5) The fact that the velue of potentisl transpiration Ep' (i.e. by
taking SD as 1) gave a better fit to water use data suggests that the
velues of SD calculated by Penman's (1952) formula ere too low and that
the theoretical treatment of SD is not yet adequate, DBusinger (1956) has
given data which show an empirical value for SD of O, 92, little diffexent
from 1,

(6) PFinally there may be a fundsmental oversight involved in the
use of an equation based on energy balance, as pointed out by de Vries and
ven Duin (1953), who stete "In applying the energy balsnce concept to a
surface carrying a vegetation it must be remembered that the absorption and
emission of radiation and the exchange of heat end water vapour between
plants and air take place in & layer with a certain vertical extension and
not at a geametrical surface as in the case of level ground, So far - to
our knowledge - there exists no theory that describes the heat and wapour
econamics in such a layer".

If the present relations between Wi/g;' and By /R, are taken
as a true representation of the relation between water use, evaporation
fram open water surface ond estimated potential trenspiration (i.e., by
teldng SD as 1 ), it appears that plant surface loscs vater as an open
water surface (with a different reflection ocoefficient) at an uninown
temperature dspending upon the prevailing weather, Fenman (1956) himself
has stated "Under ideal conditions transpiration is dictated by prevailing
weather and that the plant can be regarded as a passive channel between
the water in the so0il and the atmosphere above®™,
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The following reasons may be put forward for the discrepancies
between Prescott's relation of water use and Pemnan's Eq,

(1) Perman assumes that there is a constant relationship between
transpiration and evaporation from open water surface, The present
relationship between Wi und Ej does not support this, It was found that
the ratios of ¥i/g; (mean ratio 0,92) are in general higher for the lower
volus of Eg towards the end of the growing season, than they are for higher
values of Ep at the beginming,

(2) Presoott has given evidence for taking Wi/E, " /> (substituting By
for Ey) as a constant and not Vi/E, as a constant.

The overall effect of the differences between remman's and Prescott s
treatments is that Prescott's calculations fit the present water use data
bet er than do Pemman's, and give a more reliable estimate of water use by

irrigated lucerne in Adelside summer conditions,
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SURMARY

The alm of the studies here reported was to determine the effect
of a mmber of environmental factors on the water use and the growth of
lucerne undsr irrigated and non=irrigated conditions, Detalled studies
ware made of the weekly chonges in pF of the soil water, soil temperature
and the amount of available water stored in the soil,

Gypsum blocks were used to measure the pF of the soil water and
were installed at the depths of 6, 12, 24, 36, 48 and 60 inches before the
onset of the experiments., The blocks were calibrated against pF in a
pressure-pombrane apparatus, and an attempt was also made to calibrate them
against moisture ocontent at different depths in the field by direct sampling,
The relationship between pF and moisture content was also determined by a
pressure-marhbrane appsratus for an undisturbed sample of soil from the six
different depths,

Lucerne was established in the autumn of 1954 and was grown under
both irrigated and natural rainfall conditions in the next summer for six
months (November 1954 to April 1955); in the following sumer (September
1955 to Jamuary 1956) the lucerns was allowed to grow without irrigation
till all the available water was used, The lucerne was harvested,
irrespective of age, when 25 per cent, of the plants had flowered and
intermediate cuts were taken, Iry welght wes used as a criterion of growth,

The main conclusions from the soil-moisture tension, soil moisture,
water use and dry weight data are:

Undex tion

(1) TIrrigation was sble to maintain the pF of the soil water of



2214

the top 2! feet below 3, 55.

(2) The lucerne roots were not sble to increase the pF of the soil
water at 5. feet above 3,22 during the experimental period,

(3) Frequent irrigation at the swrface lessens the demand for
water from deeper lsyers,

(4) The amount of water required to bring back the whole soil profile
to field capacity could not be applied every week due to low intiltration
rate end quick runoff, Uneven and unequal application of water probably
resulted in uneven growth and water uptake,

(5) Irrigation water never penetrated below 2 feet during the
experimental period,

(6) A useful method of expressing the total awvailable water in the
whole profile has been shown,

(7) No relation between the amount of water use and dry matter
production could be found,

(8) During sny inter-defoliation period, the efficiency of water
use increased with time to a peak vealue, then declined, and was found to
be independent of ths amount of water applied.

(9) A lineer relationship betwoen water use and mean air temperature
was obtained,

(10) Prescott's relations of water use with evaporation from free
water surface (log W = 0,75 log By + 0,121) and with saturation deficit
(log Wi = 0,75 log s.ce + 1,061) were examined and found to be satisfactory,
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(11) Water use was found to be independent of the amount of
herbage present,

(12) The amount of irrigation given and the available water stored
led to a constant value of Prescott's index (Wi = IG::WO' & ) regardless of
the envirommentael conditions snd age of the lucerme,

(13) Dry matter production was found to be a function of the dry
welght of tops present at the beginming of the period, The rate of dry
matter increase reached a maxirmum when dry weight of tops was between
10=15 cwt/acre and fell to zexro when dry weight of tops reached to
35 cwt/acre. A possible explanation based on the concept of leaf area
index 1s put i'orward.

(14) The growth of lucerne immediately after defoliation was
vostulated to depend on air and soil temperature and the mmber of shoots
per arown; once tho dry weight of tops reached 10 cwt/acre the rate of
growth then bcoomes independent of seasonal conditions and the same
final yield was attained in all three harvests,

Undex noneirrigated C.nditions
(1) The p# of the soil water of the top 2, 3, L feet wans increased

to 4,2 within 1, 2 and 3. wonths respectively,

(2) No relation between the amount of water loss and &y matter
production could be found,

(3) No difference in efficienty of water use could be found compared
with that of irrigated treatment because decrease in efficiency of water

use was associated with deareese in dry matter production,
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(4) The efficiency of water use increased with the amount of rainfall,

(5) £ linear relationship was cbtained between water use and the
amount of availakle water stored plus rainfall,

(6) Prescott's index K(‘:m/mo' 75) was found to be a function of
availsble water stored plus rainfali, A diagram was presented which can
be used to assess the smount of water required to maintain K of the lucerne
growing in sumer,

(7) Dry matter production is largely dependent on rain and

independent of availsble water stored,
(8) A linear relationship wes obtained between the emount of water

sdded to the irrigated plote and the smount by which the yield of the
non~irrigated plots fell below that of the irrigated plots,
Soil Tempersture |
Thexmistors were used to measure the soil temperature and were
inatalled at 6, 12, 24, 26, 48 end 60 inches,
The following conclusions were reached:

(1) PFrequent irrigation reduced the highest tempsrature reached at
each soil depth, The temperature differences between the two treatments
decreased with inorease in depth, being highest at 6 inches,

(2) Vegetative ocover and irrigation were more effective in reducing
the highest temperature of the 6 inch soil of the irrigated treatment
than the 60 inch soil of the non-irrigated treatment,

(3) The pemstration of beat in the irrigated treatment at the depths
of 12, 2k, 36, 4B and 60 inches was dslayed by 1, 1, 1, 1, and 3 weeks
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respectively as campared with the non-irrigated treatment at corresponding
depths,

(k) The time of occurrence of highest temperatures in both irrigated
and non~irrigated treatnents at all depths was found to be a linear function
of depth,

(5) The differences in time taken by the soil temperature at 12, 24,
36, 48 and 60 inches on the non-irrigated plots to exceed the air temperature
was found to be a linsar function of depth,

(6) The 12, 24, 36, 48 and 60 inch scil temperatures of the irrigated
treatment never exoceeded the air temperature during the experimental period,

(7) Rainfall tends to equalise the temperature of the whole profile,

Camparison of Permen's Potential Transpiration with actual Water Use
by Irrigated Lucerns

Pemman's (1952) potential transpiration (Ep) was compared with
sotual water use by irrigated lucerne, The conclusions are:

(1) Pemman's estimate of evaporation fram open water suxrface under-
estimated the actual evaporation fram free water surface,

(2) Pemman's potential transpiration consistently underestimated
the actual water use by irrigated lucerns,

(3) The fact that the valus of potential transpiration Ep' (i.e. by
takding SD = 1,0) gave a bettexr it to water use data suggests that the
value of SD calculated by Pemman's (1952) formula is too low and that the
theoretical treatment of SD is not yot adequate,

(4) The fact that the heat budget at plant surface gave a good

measurement of water by irrigated lucerne sug ests that Pemuan's estimate
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of heat budget at plant surface is fairly good,

(5) Prescott's calculations fit the present water use data
better than do Perman's, and give a more reliable estimate of water use
by ixrrigated lucerne in Adelaide summer conditions,

Growth and Water Use in the Second Summer

In the seconG season, after a period of five months when both
plots received heavy winter rain, the course of dry matter production
vas followed as the soil dried out, It was found:

(1) There was no significant difference in pF of so0il water, modsture
content, water use and efficiency of water use in both plots,

(2) Although the weeds were campletely suppressed in the non-
irrigated plots, thsre were 130 gignificant differences in the muwber of
lucerne plants per unit area in the two plots,

(3) An examination of so0il te peratures of both plots shows that
the irrigated plot is still ocolder than the non~irrigated plot at all
depths, exospt at 6 inches,

(4) Xrrigated plots always gave higher yield than non-irrigated

plota,
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Block {Read~ ted pF  Con- [ture |[(in,) (in, SUC= | mates | '**

Read- | ing log R for &%ent | % fa

ing each {% for (in

depth! each
depth

1 6
2 12
3 2
4 36
5 48
6 60
e 6
8 12
9 24
10 | 36
1 _1_ 48
12 60
13 6
14 12
5 2
16 36
" 48
18 60
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Values of pl* at depth of 6 in,
(Irrigated I'lots)

Plot ‘;’It’ii' HNov. 1954 Dec, Jan, 1955
22 26 1 1 21 28 4 11 18 25
a 3070 3.55 3495 3.37 4Ol L4o20 3,07 2,99 <2.90 3,22
A b 4403 3,82 14,20 4,06 4e16 34,20 3,09 2,91 2,99 2,9
c 320 3,15 3.82 3.74 393 3.20 3,04 <2,90 <2,90 3,16
a 3,19 3.20 3,64 3.20 3,96 2,90 3,72 2,99 3.05 2,9
B b 2,90 3.21 3.87 3.29 4,03 <290 3.86 3.41 2,90 3.16
c 2,90 3,05 3,75 3416 3,84k <2,90 3,14 <2,90 2,99 2,92
a 3,09 2,99 3,68 3otk 4402 420 3.2% 3,90 2,99 3.50
D b Soddly 3,02 3,94 3.35 U416 3.70 3.57 3.30 3.1 3,22
c 3672 3452 410 3,39 404 3.79 3.7% 3,10 3,19 3,06
a 3.61 3.77 3.90 3.38 395 408 3,10 2,99 3,00 3,06
G b <2,90 3,28 3.81 3,01 3,91 403 4,06 3,10 <290 3,17
c 3.96 3,96 4,03 <2,90 3.86 420 3,05 2,97 292 3,06
H b 3.86 3,90 4,20 3.59 4,08 <2,90 3,61 <2,90 2,97 3.59
c 3,40 3,46 4,00 3,43 3,92 2,99 3.10 <2,90 2,97 3.82
a 4,04 3,63 Ut 3,86 4,20 <2,90 4419 3.30 3,00 3.2
J b 3.7 3,76 4,08 3,11 U413 <2,90 4,18 3,45 <2,90 3.46
c 3627 331 3.97 5016 323 2,99 3.79 3.29 3,11 308"'
Representative Plot Values (median of 3 replicates)
:\ 3.7 3455 3,95 3.7% 4O4f 4,20 3,07 2,91 <290 3,16
B €2,90 3,20 3.75 3,20 3.96 2,90 3,72 2,99 299 2.9
D Selds 3.02 3.9% 3035 404 3,79 3.57 3.10 3.14 3,22
G 3.6 3,77 3.90 3.27 3.91 408 3,10 2,99 2,92 3,06
H 340 3,46 U415 3.59 4,08 <€2,90 3,61 <2,90 2,97 3.79
J 307 3063 LeOB 3,16 4,13 <2,90 4,18 3,30 3,00 3.46
Representative Treatient Values (median of 6 Flot medians)
3653 3451 3495 3e31 4Obh 3.34 3.59 2,99 2,98 3.19
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pF at 6 in, (Irrijated plots) - Contimed

Feb,

Mar,

Apr.

15

22 1

8 15

22

30 5

12

19

26

2,97
3.01
299

3o lids
3.01
325

3.37
3.05
30 2

3093 2,97 292 3,55 298 2,96 2,90 3,08 2,90
3.60 €,90 3.05 2,96 <2,90 2,96 2,90 2,92 <2,90
3.66 2,90 3,08 3.35 3,04 <290 <2,90 <2,90

295

3. 11
2,95
Jo 24

3. 01
331
<2, 90

3453
3¢ 3l
2,90

2.98
3.59
3.03

3.83 «2,90 <2.90 2,90 3.07
3031 2,90 <«2,90

3¢ M
3.25

99
2,917

3.02 3,09

3.83

3.05 3.46
12 3,09
3.87 3.88

3.29
3¢55
3. 9

295
Jeld
3.61

2,97
3.60
3.80

3¢ 59
335
3.46

4,00
3.88
3.25

3.87
3.57

s, 18
329 311
325 3.03

2,97

3.69
3.92

3,02
3418
3.08 3,69

3.75
3¢ O
2,91

3.10 2,90
.17 2,99
3.10 3,02

S lide
3. 21
3.08

3,07
3.07
3.16

30 14
e 1l
.12

3. 10
2,97
3. 69

305
30 lds

300
300
3. 21

3.65 «2,90
3.16 <2.90

299 3.08
2,96 <2,90

3. 65
3.01%

3.62 2,90 <2,90 2,96 <2,90

2,96 <, 90
J.02 3,02
2,99 <290

e 25
3.9
3¢ 51

302
3.12
3.16

S e
Je55
30 3l

2,97
2,97

3.36
3.61
3o kb

319
3.29
30 3k

3060 2,97 2,96 2,90 <2,90

3672 2,90

2,96 <2,90

30 7h 2,90 <2,90 3,12

3.07
3o 1h

2,90 <2,90
2,96 2,90
3.02 2,92

3.03
2,90
315

3.07
3,01
3.07

3.02
<2,90
3.07

3. 91
3.27
2,98

299
3042
3000

3. 95
3. 64
3.05

420 3,13

315 3,22

3.87 3,08 <90 3.42

30 Sl <2,90

299 3.52

3.07
209
3.87

3.56 3.30
3022 3,13
299 3,08

4, 00
3. 11
3.03

3.82
3,08
3. 01

e 99
3. 30
3,02

2,99
301
3.46
310
2,97
3027

3025
30 3
3.88
3405
3ekb
3042

3 2
3.03
3. 64
3. 00
3.29
3, 61

3.66 <2,90
3.83 2.97
2e29 3,03
3.62 <2,90
3072 2,90
3.87 3.08

3.05 3.35
3,02 <,90
3,08 3,69
2,96 2,96
2,96 2,9
299 3.42

298
3.07
Je Ol
3.01
3.07
3,09

2,96 <,90
3.12 3.46
3.10 2,99
2,99 <90
2,96 <,90
.22 3.13

%92
3¢55
3. 21
Je 31
3.03
3. 11

<, 90
Seli3
307
3.12
3,07
3.08

Je 11
3.80
Je 14
Do Sl
3002
330

3.06

3.38

3.27

3.69 2,93

3,01 3.19

3,06

3.05 2,9

3416

3.08

3.22
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pF at 6 in, (Frrigated plots) - Continued

May

June

July

10 18

2

b1

2 1 28

12 9 8

3e40
2,950
3642

el 2,99
2,96 <2,50
2,92 2,90

3.07 3,02 3,14 <290 292

3.02
3. 11

3.01
<2, 90

2,92 2,90 2,90
305 2,95 3.00

2,93 <2,90 <2,90
2,93 2,90 2,90
3.05 <2,90 2,90

355
3,86

3,06 <2,90
3,03 <290
3056 <2,90

2,92
3.07
299

2, 9%
3.10
2,97

2,90 <2,90 2,90
2,90 <2,90 2,90
2,92 3,06 <2,90

2,90 <2,90 2,90
2,93 2,90 2.0
294 <2,90 2,90

3.39
3.12
3. 21

296 3.05
312 310
3623 3402

3.06
3015
3.18

2. 9%
3.07
3,15

2,92 2,90 <2,90
3.19 303 3.05
3.3 3.15 %26

2,92 2,90 2,9
Je22 2,90 <2,90
3¢31 2,90 2,90

30 55
375
3. 52

312 299
2,94 .11
3016 2,9

297

299 2% 3.03
299 3.01 3,01
3,05 <2,90 3,16

2,92 <290 <2,90
2,99 <290 2,90
3,02 2,90 290

311
3e 25
3. 21

305 3,00
<290 3,05
3015 292

205 2,94 2,92
2,92 2,9 2,9
2,90 290 312

2,90 2,90 2,90
2,90 2,90 <90
290 2,90 2%

ke 06
3458
3. 11

3632 3419
3+ 09
et 3051

3,16 3,13 3,12
2,95 3.01 2,92
310 3,08 314

2,90 2,90 <2,9%
2,90 2,90 290
292 2,90 9%

2,96 <,90
3.06 2,9
312 305
Jei12 2,99
205 3,00
3.26 319

3,02
2,99
3015

203
310

3. 01
2,97
207
205

3,02

3,05 <2,90 2,92
2,90 «2,90 <2, 90
3.19 3,03 305
2,99 29% 303
2,92 @,90

310 308 3,12

2,93 2,90 <2,9%0
2,93 2,90 @,
3022 2,90 <2,90
2,99 2,90 2,9

2,92 2,90 2,90 <2,90

2,90 2,90 <2, 90

3.09 3,00

3.02

3.01

3.02 2,91 2,97

2,95 2,90 <,90

Aug. Sept,
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pF at 6 in, (Irrigated plots) = Contimued

Oct,

Nov,

Dec, Jan, 1956

5

L1

18

21 25

1

15 2

6 13 2 3 10

3017
2,95
3.1

3e 14
307
3.16

3. 22
3. 11
3¢ 30

3. 68
e b7
3.62

3.83
3.78
3.78

3 67
3.7
3o b2

272 4,03
3.79 3.97
.22 3.83

4,17 Mo 20 3 20 34,20
e 12 3N 20 >4, 20 540 20
3.81 411 220 54, 220

36 14
<2, 90
3o 1

307
2. 20
3.07

3416
Je55
3.18

3e55
3.86
3653

3. 717
4,00
3.85

3. 68
372
3.89

352 3,97
J3e59 4 20
3.83 409

4210 24420 >4 20 >4, 20
be 19 e 20 Y 20 >4, 20
be 16 4 20 >4, 20 >4, 20

3013
327
3.38

3,16
Je 25
3. 51

3. 22
2033
3.75

.49
3.0
30 91

319
398
3435

3.86
3.96
3.96

3.72 U3
3.38 410
3.7 &03

3083 20 >4, 20 >, 20 >4, 0
3028 e20 o 20 >4, 20 >4, 20
305 Be15 4ot M2 >4, 0

3.09
3.02

3619
3.09

3.64
3642

g 20 3y 20 o 0

3,86 4.03
3.87 4,02
Yo 20 e 20

3.95
293

3.0 418
3.76 >

WX 0 409

3.69 4o 18 i 20 Sy 20 >4y 20
3052 Dy 20 pe 20 Mg 20 iy 20
3092 k18 34.20 34e20 34y 20

3012
3,02
>2,90

3. 30
3,48
3. 21

3,60
3073
3¢ 30

389 4,01
3293 >4 20
366 3.93

393
3.98
3o F

383 413
3,71 403
Sl 399

3068 e 20 4020 o 20 4o 20
37 ko6 N 20 3420 >4y 20
3,76 be15 MNoo20 Sl 20 >4e 20

3,07
3. 02
<2,90

347
3,16
3.25

3¢ T
335
e 51

3,95 408
377 4,02
3.72 3.85

585
3.8
3.6

3496 > 0
3.82 419
3.2 398

2051 220 30, 20 U4y ) Y 0
3098 >4e 20 >4, 20 34y 20 >4y 20
3.50 4e10 413 420 Ny 20

3. 11
3¢ t4
3. 27
3,09
3402
3. 02

314
3.07
325
319
3430
225

3. 22
3.18
Je33
3064
3.60
3e 1

3.62
Je 55
3. 10
3.86
3.99
377

3.78
3.85
3.96
4,03

4,02

3. 67
30 72
3.96
395
N
3,85

3.97
409
Lo 10
4o 18
405
419

3672
3059
372
3¢90
3074
382

3082 U4y 12 40 20 Njp 20 >4y 20
305k Sy 20 She 20 4o 20 iy 20
3069 1918 >4, 20 4,20 >4, 0
30Tl U416 >4,20 >4,20 >4 20
3051 4o 20 i 20 4o 20 >4 20

3. 10

3.21

Se b2

3.7 398

3.89

3.72 409

3070 Ue17 34020 Ny 20 >4 20



252.

Values of pF at depth of 12 in,
(Irrigated Plots)

Plot pli-

cate

Hov, 195k

Dac,

Jan, 1955

22

26

7

% 2 .

& 1" 18

25

oop

393
3.81

3463

340
355
349

b 0B
3,88
3469

4e10 34420 >4, 20
2,97 3.1 402
5.55 5‘& 3.&

3629 <290 <20
303k <290 2,99
3,09 <2,30 <2, 90

3 24
3+ 15
S b7

QauUe

3.96
3,01
3,03

3.85
3. 19
3. 79

405
3. 90
L4y O

4 07 34 20 <2,90
3.90 416 <2,90
3¢50 4.10 2,97

W20 2,97 <290
>, 20 <2,90 <2, 90
3.20 297 3.10

3,00
3.02
92

oy

317
3049
3.90

e 25
3ol
3. 81

e N
3.86

4, 20

399 1> 3.90
3,80 3,66 3.15
3026 YN 0 >4, 20

30 297 2,99
347 4,06 3,93
311 3.10 3,05

303
2,92
293

ouvpe

3453
3. 41
330

317
3.68

352

e 15
4 10
3.97

408 >4, 20 >4y 20
5,08 419 3,49
4,00 416 3.76

376 2,97 3,00
2.90 2,90 <2,90
3,03 <2,90 2,92

2,99
2.99
%99

ous

327
3.148
3.65

.32
3455
3.70

4,08
4 O
4,03

4,08 %, 20 2,97
4,01 %20 2,90
405 320 3,03

3013 2,90 2,90
3.80 <290 297
3,05 <290 297

3. 61
.M
S¢ 73

oo

3.22
3.39
3.65

3. 29
Je 33
3¢ 59

4,02

393
4,00

3.99 %20 <2,90
3.9h 418 <2,90

402 3,09 3,00
>, 20 5,23 2,90

3,86 4,18 2,97 420 3.75 3,92

3,06
3.18
> 20

QGHQATT D>

Representative rlot Velues (median of 3 replicates)
388 3,55 3.88 4,02 3,29 <«2,90 <2,90

3. 81
3.03
Se 49
el
3¢ B
339

e 49
37
3o i1
368
Je 55
3033

dpe Oy
e N
& 10
dps Ol
4 00

3.90 he16 <2,90
3,80 13 3,90
4,08 L 19 3.76
4Ol %20 2,97
3.9k 418 <2,90

Y20 2,97 2,90
311 310 3,05
3.03 2,90 2,92
373 @290 297
W20 3,29 3,00

Je 21
3.02
2,99
299
3. 71
3.18

Representative Treatment Values (median of 6 Plot mediana)
3045 352 4,02 3,92 hbe17 3.37 3.51 2,93 2,94 3.10



pF at 12 in, (Irrigated plots) - Contirnued

Feb,

Mar,

Apx,

1 8

15

22 1 8

5 22 30 5

12 26

19

3.28 3443
3,61 3.15
3ele1 <2.90

329
305
3.00

3. 7h 2,90 <2,90 <290 2,97 <290 <290 <2,30 <2o90 3. 01

375 290 3.03 3.39

3.22

3039 <290 320 3,25 <90

2,96 <2.90
2,96 <2,90

3627 348 3.37
3.34 3Sebk 3,56

3,01 3.59
3,07 3.22
3.09 <2,90

S0 29
3. 16
3.03

3.96 2,90 <2,90 3,05
3,82 3,09 «2,90 <2,%0
3490 <30 3,72 3.90

3. Ol
3.38
5. 90

%90 3,02
3.77 3.91
303 2,39

5»03 295 <2~90
OB 4,05 kw06
3,71 3.75 3.82

3.03 k11
290 3,9
3.12 3,68

4,09 20 3,11 3,08

3.66
335

293
3.85
3.84

3.35 299 292
3043 3.03 303

3.68
3.99
3.80

3.08 .90 <2,90 <2, 90
2,92 2,80

3503 92

3,06
.42 2,98

3.08

273
3.07 3.1

3406

3.05
3. 10

e i
3.48
3ed5

3,16
3.00
3,03

2,96
3.00

3.88 <2,90 <, %0
3.05 <290 2,90
37T 2,90 <2,90

3.01
3.07

293 <290

<L N0 <0
3.03 <2,90
3003 <2, 50

3,66 3.66
3e11 336 3.42
3.58 3.46 3.54

3.18

<2, 90
<2,90
3.03

333
315
3. 60

3019
219
30 21

3.65 <2490 <290
3.68 2,90 2,97

3077 2,90 5,03 3437

<2, 90 <2,90
<2, 90 <2,90

5. 50

2,90 <290

2,97 2,90 2,90 2,90

.90 292

3,03 <,90 297
3.01

297 2,97 3.05

299
2,99
3465

3.89
3. 90
3. 70

305
<, 90
> 20

3003
Sl
3. 73

403 309 3.03
3.55 3.01 297
377 509 297

98
3. 64
377

3.08 3,02
3.03 2,90
5.72 3,66

333 o471 3.68
3.03 3.08 2,96
3066 2,90 2,90

Se bt
3.07
3C3
3e 45
<2, 90
3.89

3¢15
30 22
3. 90
3,06
333
299

3.05
316
3.66
203
319
3.05

3.25
3.05
3+ 84

2,96

e 2,90 3,03
3.90 2,90 <2.90
3e43 3.03 3.03
3.T71 2,90 <,90

2,97
3.38
8 3,88
Je 01

3,68 2,90 2,97 90 <2,

3.TT 3.09 2,97 3J.45

3. 6l

2,96 <2,90
203 3,02
3.0} 2,90
303 2,90
<2, 90 <2,90
308 3,02

36317
3482
3.06
3. 51
3. 01
2 96

302 3.18

3. 11

3075 2,90 297 3.15

3«19

305 2,90

3. 21



254,

pF at 12 in, (Irrigated plots) - Contimied

Moy June July Aug Sept.

3 10 18 2 51 9 14 28 12 9 8

297 3413 20 2,99 2,94 3412 3,01 €2,90 <2,90 <2,90 <2, %0
35 2,90 2,9 2,90 <2,90 3,02 3,01 <2,90 <2,90 2,90 <2,90
3465 3,54 3,11 3,02 3,16 2,99 3,01 3,07 <2,90 <2,90 <2,90

3.06 3,00 2,96 2,92 3,21 3,05 3,01 3,07 <290 2,90 <2,90
00 3,90 <2,90 2,92 3,22 3,02 2,90 <2,90 <2,90 <2,90 <2,90
389 3.81 2,90 <2,90 3,00 3,02 301 <2,90 2,90 <2,90 <2,90

3.08 34,20 <290 3,05 2,9 <290 <290 <2,90 2,90 <2,90 <2,90
3017 325 2,46 2,95 2,87 <290 <2,90 2,90 <2,90 <2,90 <2,90
3,07 3.20 3,84 3,07 e20 3,09 3,11 <290 <2,90 2,90 <2,90

3.70 3,65 2,90 90 2,94 €2,90 <2,90 3,03 <2,90 <,90 <2,90
Selir 2,90 3,02 2,95 3,08 2,99 2,99 3.10 2,98 <2,90 <2, 90
3e6h 3033 293 2292 <290 2,99 2,90 2,90 2,92 <2,90 <2,90

294 2.9% 2,99 2,92 3.01 3,02 €2,90 2,96 <2,90 <2,90 <2,90
3011 2,90 2,90 <2,90 2,96 <2,90 <2,90 <,90 <2,90 <2,90 <2,90
301 3,09 <290 2,92 2,90 2,99 3,03 3,10 <2,90 2,90 <2,90

3,80 3,54 3,09 3,06 3,13 3.02 3.03 2,99 <2,90 <2,90 <2,90
3,00 2,94 2,92 299 297 2499 3.01 299 2,90 <2,90 <2,90
@,90 2,96 €290 2,92 2,90 2,90 2,90 2,93 <290 <2,90 <2, %0

o5k 3613 2.9k 2,99 2,94 3,02 3,01 <290 <2,90 <2,90 <2,90
3.89 3,81 <2,90 2,92 3,21 3.02 3.01 <2,90 <2,90 <2,90 <2,90
3,08 3,25 2,90 3,05 294 <290 <2,90 <2,90 <2,90 <2,90 <2, 90
306 3,33 2,93 2,92 2.9 2,99 <290 3,03 2,92 <2,90 <2, 90
3601 2,94 2,90 2,92 2,96 2,99 2,90 2,96 <2,90 <2,90 <2,90
3,00 296 2,92 2099 2,97 299 3.01 2,99 <2,90 <2.90 <2,90

3631 3419 2,91 296 295 2,99 2,98 2,92 <2,90 <2,90 <2,90



255.

ol at 12 in, (Irrigsted plots) - Contirued

Oct,

Nov,

Dec, Jan, 1956

2

%

18

2l 22

1

15 25

6 13 20 ) 10

30 Ol

<2, 90
3. 01

e 17
3a Ol
S0 14

Je 40
3026
3046

075 3493
3.58 3.80
5T 3091

4,00
3. 84
b O1

3,96 4,18
3.82 3,98
3495 409

409 L4e15 4420 34,20 >4, 20
3095 4932 3420 34y 20 4, 20
b02 U4e15 4020 >4, 20 4,20

3¢
<2,90
307

Je 22
20 94
Se25

339
3,06
36 4O

e Tl 4402
3029 3,681
3063 3,99

4,02
3.96
403

be02 4913
4e O1 >4 20
3.8% 410

be 11 4,20 34,20 >4, 20 >4, 20
Le 07 34020 Sl 20 4 20 24 20
409 U4 20 4, 20 34 20 My 20

<2, 90
3.18
3. 16

Je 11
3¢ b
3023

3.01
3469
292

3.15 336
3.69 3.75
3.86 4,04

S025
3.82

403 >4 20

4410 34,20
351 400
he12

4o 15 20 54,20 344,20 24 20
3098 4e12 4318 4,20 >4, 20
410 3l 20 34420 >4, 20 >4 20

309
2,94
3,01

327
3,08
3617

Je 02
S 40

353 3.58
303k 3,64
67l 400

S 4
3.96
405

be15
be 13
4 18

3093
4,04
b 09

4 08 g 20 4y 20 34y 20 34 20
e 02 U418 4y 20 34,20 >4, 20
4o 09 54020 34420 4, 20 34, 20

Je Ol
3.01
3,01

Je lide
3,60
3436

3.69
a7
3.67

3093 407
3.92 4,06
4L00 3,77

4,09
4, 00
3.85

406 4,15
388 4412
3093 e 20

3097 de20 24420 M4 20 34,20
4,00 4918 >4420 24420 >4, 20
e 10 54020 34420 >4, 20 >4, 20

3409
3.01

2,9

30 e
3.07
30 2h

3019
3e25
3. 43

3,58 3.83
3.75 406
3.89 413

bhe Ol
4e OO
L 11

3.7 4,02
L4y 06 >l 20
be 13 4020

L,02 >4y 20 344 20 4y 20 34 20
I 12 by 20 Uy 20 gy 20 >4y 20
e 10 34y 20 Uiy 20 34y 20 M4y 20

3.01

3.16
3001
3.01
3,01

e 04
3¢ 22
3623
317
e s
30 14

Se 40
3¢ 39
3. 01
3. 40
3¢ 69
325

30 T
3,63
3. 69
3e53
3¢ 93
3. 75

3N
3.99

400
402
3.95
3,96
&, 00
Ly Ol

395 4,09
4W'O1 410
L 10 412
hLOb 415
3.93 ket
406 >4y 20

5. 01

319

339

3eT1 3495

4,00

4,02 412

e 09 e 20 34920 34620 >4 20



256.

Values of pF at depth of 24 in,

(Irrigated plots)

rlot oD nov, 1054 Decs Jan, 1955
2 26 7 % 24 28 s 11 18 25
a 376 3.70 3,99 4,01 4413 220 2,99 <€2,90 <2,90 2,92
A b 2,99 €2,90 3,35 3,96 lLe11 Mo 20 4,20 4,12 2,99 2,99
c 2,30 <2,90 2,99 3,03 3,33 3,76 3,09 3.30 2,90 3.28
e @,90 2,97 2,90 €2,90 2,99 3.32 3415 2,97 <2,90 2,92
B b 3012 3,52 4,69 4,06 545 <2,90 3,84 4,05 4,05 2,97
c 3,92 2,97 2,59 3.89 4,08 3,05 4,07 2,97 3.10 <2,90
e 2,90 2,97 2,97 3e31 4e07 2420 3o 20 MNye 20 54,20 4,16
D b 3,04 2,90 3,91 3,90 4e18 415 415 4,19 4,10 3,10
¢ 3033 346 4eCI LeDT he17 L4eOh 4,06 3,9% 4,03 3,08
e 2,99 3018 3,17 3493 3,73 3,92 3461 2,97 299 <2,90
G b 2,99 €2,90 3,05 3,21 3,75 3.89 420 34,20 <2,90 2,90
c 2,99 3419 3,62 3.66 3,87 3,77 €2,90 <2,90 2,99 2,99
a 2,99 2,97 €290 2,90 <2,90 3.35 3.79 3,36 3,42 3.9
H b <2,90 2,90 2,90 2,90 2,99 <2,90 2,99 €,90 2,99 3,05
c 2,90 €2,90 3,05 3,81 4,00 3,92 3,87 <2,90 3,21 3.92
a 3003 3,03 3,73 3493 420 <2,90 34,20 3,24 2,99 3,10
J b 2,99 3¢11 3637 3489 4410 <2,90 34,20 4,09 3,99 4,08
c 3,03 <2,90 3,89 L4e02 3,93 2,97 3,40 3,16 3,02 3,45

Represantative Plot Values (median of 3 replicates)

2,99 290 3,35 3.96 411 Nu20 3,09 3,30 2,90 2,99
312 2,97 <2,90 3,89 4,08 3,05 3.8, 2,97 3,10 2,92
3.0 2,97 3091 3,90 Ael17 415 U415 4,19 4,10 3,10
2,99 3418 3.17 3,66 3,75 3489 3,61 2,97 2,99 <2,90
<2,90 €2,90 2,90 2,90 2,99 3,35 3,79 €2,90 3,21 3,92
3603 3403 3473 3493 410 2,90 34,20 3,24 3,02 3,45

Representative Treatment Values (median of 6 Plot medians)
2,97 3426 3.89 4,09 3,20 3,81 3,11 3,06 3,05

3.01



257.

pF at 2, in, (Irrigated plots) - Continued

Feb,

Nare

Apr,

1

8

15 22

1

8 15

22 30 5 12

19

26

3633
J¢ 2

3. 72

<2,90

3.05
3.83

3021 3073 <290 3,03

3. 70
3eN

3. 25
3,82

292
3.86

2,99
2,97
29

3405
3. 17

3003 3403 <90 2,90 <2,90 2,90
2,96 <2,90

3014 2,90 2,96 2,90
352 2,46 2,90 3,23

3030

S35

3. 05
3031
299

3.1
3.87
3003

3,80
393
<2,90

397
4,03
3e12

3093
4,00
310

<2, 930
4400
3.18

3.1
1,00
3o bl

301 3,28 370 3,79
4,06 4,00 4,00 3,96
3091 3,99 4,04k U410

3 70
396
409

3465
397
s 06

45615 4 M 2, 20

Seb2
3073

4,03
L0t

e 0
4,02
3699

Ny 20
3499
3002

Se Tl
3.96
315

379
4,10
3,88

407 le1l U408 4,10
bet5 3,63 3,67 3.11
402 3,08 3,99 3,91

e O
302
3. 60

4,03
3.08
3. 72

3020
<%0
309

305
3.05
3466

30714
3.07
3.80

<2,90
<, 90
<2, 90

<2,90
2,9
<290

<2, %0
2,97

2,90 2,90 2,96 <,90

3605 3427 <290 2,92
301 <2,90 <2,90 3,05
97

3002
3¢ 30
299

3e12
Je13
3¢15

393
299
3.93

399
3015
3.98

410
3485
3e93 4eOlb

<, 90
331
299

2,90 3,13
<, 90

297 3.00

3019 2,90 2,90

2,96 <2,90 <2,90 <,%0 <2,90

3623 3.51 3.26 3,08

2,92 <2,90

2,96
310

3,02
3003
3,14

3.8t
409
292

4,08
4e 10
3. 05

4o O7 > 20
e O7 Le13
2,90 <2,90

4. 10
4,08
299

3.78
4,08

303

3.87
4,08
2,99

297 334 3,78 4,07
4,02 4,02 4,02 3,99
3.7% 3,01 3,03 2,92

4,10
397

be12
3098

299 <2950

Je33

305
213
309
3¢ 93
3.81

.05
Se 71
403
3.05

3.98
4,08

025
3.80

3.26
3093
4,07

3¢ 03
3097
4,02
3.
4,0l
413

292
S+ 93
399
<, 30
2,99
4,08

3.03 2,99
3018 34
3¢ 3,88
<2, 90 <2,90
2,90 3,00
3.87 3.78

3o 14 <2,90 <2,90 «2,90
3¢91 3.99 400 3,96
407 35.63 3,99 3,91
3.0 2,97 ©2,90 2,97
5019 2,90 2,90 2,92
307k 3e3k 3,78 3,99

2,96 <2,90

3.96
3.60
3,02
296
3.97

397
3e72
Se13
003
3.98

3e53

3.84

3.86 4,00

3.46

3.11 3,22

346 3,15 3,33 3,38

36 51

Jels2



228,

pF at 24 in, (Irigated plots) - Continued

May

June July Aug, Sept,

3

10

18

2 31

9 % B 12 9 8

3s95 3e13 <290
<2,90 2,90 2,90 <290 3,16
245 2,90 2,90

3. 36

335

292 3,13

310 3,01 <2,90 <2, 90 <2, 90 <2,90
3600 3,01 <2,90 2,99 <290 <290
2,92 2,93 €290 <% 90 <2,90 <2,90

3065 3666 3,67 3.64 3,21 3,00 2,94 3,05 <2,90 <2,90 <2,90
4002 4301 3097 3499 €250 2,92 2,90 2,90 <290 <2, 90 <2,90
3089 L4l 407 416 3,99 3,00 2,94 2,90 3.05 <290 <90
LeOh 3,97 4400 3,95 3.15 3,01 <2,90 <2,90 2,99 <2,90 <2,90
319 309 297 3.05 2.9 3,08 <2,90 2,90 <2, 90 <2,90 <2,90
3079 3483 3,87 3,82 2,95 3403 3,06 €290 2,90 <2,90 <2,90
3627 339 3ek5 3637 290 <2, 0 2,94 3,00 <290 <2,90 <2,90
3,72 3. 2.9 2,97 305 2,99 294 €290 2,96 2,90 <2,90
3025 337 338 3Bolh <2,90 2,93 <290 3,00 2,96 <2,90 <2,90

<200 <2,90 <2490 €2,90 <2, 90 €2,90 20 <20 €290 <290 <2,90
2,97 €290 2,90 2,90 €2,90 2,90 «2,90 <2,90 2,90 <2,90
302 3029 €290 2,94 <2,90 2,99 <290 2,96 2,90 <2,90 <2,90

312

4,15
4,01
<2, 90

%09 U410 4,06 3,97 3,00 35,01 3,00 2,90 <2,90 <2,90

3699 4,20 3499

3034 2,90 2,90 2,34 2,92 2,90 2,90

2,97 2,94 2,97 3e11 2,94 299 290 ©,90 <2,90 «2,90

3.05
3.89
3.7
3.27
3012
4,01

3013 <2,90 <2,90 3,13
501 3,97 3.99 .21
3283 3.87 3.82 295
3039 3438 3.37 <90
2,97 2,90 <2,90 <2,90 <2,90 <2, 90 <2,90 <2,90 <2,90 <2,90

399

3000 3,01 <290 <2,90 <2,90 <2,90
3000 2,9 @90 <2,90 <2,90 2,90
305 2,90 <2,90 <2,90 <2,90 <2,90
2,93 2,9k 3,00 2,96 <2,950 <2,90

4,40 3,99 33k 29 299 294 <2,90 <2,90 <2,90

3¢53

3061 3,62 3,59 3,04 2,97 29 <2,90 <2,90 <2,90 <2,90



259,

pF at 24 in, (Irrigated plots) = Contimed

Nov,

Dec, Jan, 1956

14

18

1

25

15

25

6 13 20 3 10

3,01
<2 90
2,95

3.07
3,07
3,08

3e12
3. 07
Se 21

313
307
31

3.29
3011
3466

391
330
L25

3. 30
3.89
315

3. 99
3.96
3.78

3098 U409 Le18 220 54,20
LeO0 Ly13 320 34y 20 >4, 20
3082 U4eO0 L4e0F 3420 34,20

2,97
<2, 90
<290

3.01
295
2,97

3. 07
3005
307

2,98
3.10
319

305
3436
3.18

3,18
3459

Se72
Se 92
3455

2093
b 02
L, Oy

3097 L4eO5 34420 314,20 >4, 20
02 ULy18 3420 >4e 20 >4y 20
Ly 10 iy 20 Sy 20 Dlpe 20 e 20

2,90
30 11
3,06

2, 3 <2, 90

30 14
3.11

319
317

3.07
3¢ 29
330

3. 07
Se 3t
3.87

3¢36
by 02

3.87
3.97
lee 03

403
b 13
he19

do 11 4020 34320 54,20 e 20
4,06 34320 >4y 20 >y 20 5440
lia13 Diu20 e 20 iy 20 D4y 20

3. 07
3.03
3,00

3027
3018
3. 09

3eb6
3. 28
3.12

3,68
Seb2
3¢ 30

293
34 61
30 6

397
4,02

3 79

lee Ol
13
3.88

ke 10
4o 18
3¢95

4e09 e 20 >4y 20 >4y 20 e 20
4o 12 >hy 20 >ly 20 iy 20 4y 20
3096 1y05 >4y 20 419 >4y 20

303
2,97
<2,90

2,95
305

3405
30 114
3.02

3e 17
3e 21
3.02

3 67
3 70
30k

3.8
3485
3.07

3.90
3. 88
3.26

4,01
3.97
3.68

3099 4e07 4420 4,20 54,20
3095 4409 34420 54,20 34,20
3682 3499 34420 M 20 34, 20

3,06
<2, 90
<2,90

353
311
3627

3469
Se 2
3438

3.87
350
34 6

4,08
589
3,82

he 11
3096
3.87

b3
I Okt
2091

>4, 20
4e 18
W03

Loty 420 4420 4o 20 4,20
4e 10 24,20 4,16 34y 20 >4, 20
405 >4e 20 3U4 20 >he 20 >4y 20

2,95

3,06
3003
297
<2, 90

3407
2,97
3. 11
3,18
3.05
3,27

3012
307
S0 17
3. 28
2005
3.38

3013
3410
3. 29
Sele2
17
306

3e29
3.18
3 34
3o 6k
3067
389

3¢ 91
3¢59
3 77
3.97
3.83
3,96

3.89
3692
397
Ly Okt
3,88
iy Oy

3,96
4,02
413
4 10
3.97
4e18

3098 4309 L4y 18 1420 >4 20
1,02 U418 34q 20 420 4y 20
be 11 34020 30 20 >4 20 4y 20
409 54,20 >4y 20 >4y 20 e 20
3095 UeOF le 20 >4e 20 >4y 20
e 10 Uy 20 >l4e 20 >h4e 20 4y 20

2,96

3.09

3615

323

349

3.87

3495

4e 06

406 U4e19 e 20 e 20 >4, 20



260,

Values of pF at depth of 36 in,

(Irrigated ¥lots)

Plot i’ﬁi’ Nove 1954 vec, Jan, 1955
22 26 7 14 21 28 & i1 18 25
a 2,96 2,90 <2,90 <2,90 <2,90 <2,90 3,25 3,91 3,93 U401
A b €2,90 <2,90 <2,90 <2,90 <2,90 3,61 3,96 4,04k L4Oh 4 Obh
c 2,96 3,01 <2,90 2,90 <2,9C 3,03 3,14 >4 20 1,03 3,68
a <2,90 2,97 2,90 3,10 3,71 2.97 4420 344320 54,20 34420
B b 299 3,17 2,90 2,97 3,70 €2,90 24420 3420 4420 3,04
c 2,90 2,97 2,97 3.16 3,92 <2,90 3,99 4,00 4,01 4,00
D b <2,90 2,92 3,13 <2,90 <2,90 <2,90 5,05 3,98 389 3,86
c 2,90 <2,90 <2,90 2,92 2,99 2,97 3426 3,68 3,65 3.7
a 2,90 3,02 2,97 3,10 3.26 4,08 4,17 4,04 2,97 2,97
G b 2,92 €2,90 2,97 3.64 3,60 3,61 3,10 34,20 <2,90 <2,90
c 2,92 2,97 <2,90 €2,90 3,93 3.26 413 4,12 2,97 2,97
a 299 2,97 2,90 <2.90 3.05 3,17 3.25 <2,90 2,97 3,09
H b <2, 90 2,90 <2,90 2,90 <2,90 2,90 <2,90 <2,90 2,97 <2,90
c <2,90 <2,90 <290 <2,90 3,05 <2,90 <2,90 <2,90 <2,90 <2,90
a 2,90 2,92 2,97 <2,90 3,05 3,41 3.2 3,73 3,76 3,88
J b <2,90 €2,90 2,90 3,10 2,25 3,61 <2,90 <2,90 €,90 2,97
c 2,90 €2,90 <2,90 2,99 2,25 3.61 324 3,57 3,66 3.73

GO >

Representative Plot Values (median of 3 replicates)

2,96 <2,90 <2,90 <2,90 2,90 3,03 3.25 4,34 L4403 4,01
<290 2,97 €290 310 3,71 <290 <2,90 <2,90 <2,90 4,00
2,90 2,92 <2,90 2,92 299 2497 3,26 3,98 3,89 3.86

2,92 2,97 297 3,10 3,60 3.61 U413 Uho12 2,97 2,97
<290 2,90 «2,90 <2,90 3,05 <290 2,90 <2,90 2,97 <2, 90
€2,90 2,90 <2,90 2,99 <290 3,61

3¢2 3,57 3.66

3.73

Representative Treatment Values (median of 6 FPlot medians)
2,90 2,90 <2,90 2,36 3,02 3,00 3,25 3,77 377 3.79



261,

pF at 36 in. (Irrigated plots) = Cantimued

Feb,

Max,

Apr,

1

8 15

22

1 8

22

30

5

12 19

lng Ol
3.76

4e 10 4o Ch
ha0J 405
379 3.81

417
lye 06
3,84

4et2 4,08
588 401
384 3.82

406
403
3.82

3.88
4,00
3084

3092
S99
383

3092
4,01
3.85

3095
3.8k

3¢
4,02
3.85

417
3009
397

17 415
380 3.92
399 3.99

k19
4,02
4,00

4,19 Lt
399 <290
400 3,98

3696
3,06
4,01

3,96
3e 21

299
397

1o Oy
4,08
4, 00

403
405
397

403
4e O3
3.96

3.98
30 Bl
377

409
3.95
3,93

393
3093

3. 68 >4 20

3 91
3. 91

e 20 418
e 3.92
3488 3491

A 15
297

96 3.98

K13

ke 06
3. 97
4,00

4y Ok
30 9%
3, 9%

4, 04
3¢ 99
3.98

3.97
2093

3.26
3.03
2,90

Sl
315
3055

3.8
30 Ol
3025

3489
3o 14
3.76

3093 2438
297 2,90
<, 90 <, 9C

30 1
2,97
<, 90

3.25
<2, 90
<2,90

3026
3017
3.05

30 24
3.10
3.08

3.12

3. 27
<2, 90
<2, %0

3.48 3.58
298 2,99
2,90 <2, %0

¢T3
323
3403

3.30 <2,90
3032 3Selh
3012 3,37

2,92
3. 5%
3.81

<2, %0
3. 51
<290

292 2,97
350 3.53
292 <2,90

4 00
3,07
3.82

400 3,93
Sk 3.10
3.86 3.89

412
3. 11
297

4,06 <2,90
3,05 297
2,97 299

3. 56
313
3,78

377
<2 %0
3.87

387 3490
3,00 2,90
3692 3491

4,04
3¢ 97
38l
303
<2,90
3.82

03
399
395
3025
298
3.86

403
3¢ 99
3693
Sel¥5
299
389

4,06
4,02
39N
3. 76
3023
3. 11

3.88 4,01
400 3.9
391 392
2.97 <290
330 3437
305 297

4y 02

297
297

3+ 50
3.08

&L03
3. 96

2,97
3e 1
3. 56

Je92
397
4,00
<, 90
<2, 0
377

3,92
Iy OB
3,99
3. 10
2,92
3,87

395
403
30 St
3. 17
297
3¢ 20

3N
4 03
397
22

3.88

3.83

5292 3N

3.83

3.59 3.65

3.73

()

>0

3. 84

390 3,92

3.89



262,

pF at 36 in, (Irrigated plots) = Continued

Moy June July Aug.  Septs

3 10 18 2 31 9 14 28 12 9 8

3091 3¢89 3691 3.89 3,88 3,86 3,84 <€2,90 2,90 <290 <290
4,02 3.98 403 3,99 3,68 3,00 297 <290 3,00 <2,90 <290
3,86 3,86 3,84 3,84 3,85 290 3,06 299 3.01 <90 <30

LeOli L03 U403 3,98 3,85 3,06 3,03 3,01 <290 <2,90 <2,90
o1l 4409 4,03 U403 3,23 3,03 2,97 3,01 €,90 <2,90 <2, 90
LeO3 3498 3,97 3,96 3,92 3.97 393 3.83 3.46 <2,90 <2,90

3698 3,96 3,98 3,93 €290 3,01 2,9 2% <290 <290 <30
309 3,87 3095 3.96 3.9 3,22 3,13 €290 3,02 <2,90 <90

3,97 3.97 3693 3092 3,91 3,23 3416 <2,90 <2,90 <2,90 <2,90
<2, 90

3035 3ol 3el7 3652 3413 €290 2,94 3,01 <290 <2, 90
3021 3629 3432 3,35 2.9 2,96 2,90 €290 <2,90 <2,90 <2, %0
3630 3043 311 3,56 3,01 2,94 €2,90 2,90 294 <2,90 <290

3013 3416 2,97 €2,90 2,90 2,92 2,90 2,90 <,90 2,90 <2,90
3,53 3,54 3.52 3,57 3.14 2,92 €2,90 2,90 <2,90 <2,90 <2,90
2,90 3,16 2,94 2,94 <2,90 €2,90 <2,90 2,90 2% <2,90 <,90

3093 3693 3,92 391 3.83 290 290 2,90 2,9 2,90 <2,90
2,96 3,02 2,9 2,99 <290 2,9 <290 294 2,94 <,90 2,90
3090 3,92 3,88 3,90 3,87 3.78 3,59 290 <290 2,90 <90

3091 3,89 3,91 3,89 3,85 3,00 3,06 €290 3,00 2,90 <2,90
L0l 4,03 U403 3,98 3,85 3,06 3,03 3,01 <290 <«2,90 <290
3097 3096 3495 3693 3691 3622 3613 <290 <2,90 <2,90 2,90
3,30 3.41 3,32 3,52 3.01 2% <290 <2,90 <2,90 <2,90 <2,90
3013 3616 2,97 2,9 <290 2,92 €290 <2,90 <2,90 <2,90 <2,90
3090 3,92 3,88 3,90 3,83 2,9 <290 <2,90 2,94 <2,90 <2,90

3,90 3,90 3,90 3.90 384k 2,97 2,96 <2,90 2,90 2,90 <2, 90



263,

pF at 36 in, (Irrigated plots) = Contimue!

Gct,

LoV,

Liec, Jan, 1956

5 14

18 21

25

15

i3 20 3 10 |

3,08 «2,90
<2, 90 <2,30
2,25 <2,50

3401 2,50
2o H <290
306 3,12

302
3601
3¢ 34

S0 59
3011
3. 18

3485
3061
3637

Se i
319
397

Py 0 <A 20 <4y 20
he 19 Dl XD >4 20
Le 17 >4e 20 >4 20

Lo 11
36 96
be U7

2.95
2,97
Se 2t

<2, 90
<2, 90
<2, %0

2,97
3,08

329

3.01
34 06

30 25

30 14
3012

Seli3

333
30 29
3493

3485
3.87
3. 48

403
g Ul
Iy U7

Le18 5419 >0 20 34 20
bei5 4e19 20 >4 20

Le13 Le16 Le11 420

<2, 90
<2,90
2,34

3601

299
3.00

3406

3. 10
3. 18

3401
<2, 90
3611

3612
2.95
30 34

3433
3.18
3¢ 91

397
3652
4,00

391

Le16 420 M 20 >4, 20
4,02 Lo11 Uil 2420
lig 15 Py 20 e 20 M4y 20

3,16
503

30 14
3697
2,96 2,95

3. 11
2,90
2,94

3e12
5618
3,01

3e12
3.28
3,09

3,16
3¢ Sle
3¢ 30

3,30
3.70
3.68

e O1 e 20 240 20 54, 20
3681 220 3,90 >4 20
4o U3 >4 20 418 34,20

294 .14
3¢ O <2,90
<2,90 2,90

3.16
2, 94
<2, 90

3¢ 20
2.9
2%

30 Sl
3.07
298

3,88
295

3. 98
3. 64
3. 12

4,08
3e72

e 20 ke 20 P4e 20 >4 20
4,02 >4 20 34320 >4, 20
3092 420 4313 ke 20

<2,90 3.21
<2,% 3,01
<2,90 297

30 64
3e 11
3.58

3.36
306

311

3¢
3o kb
3.80

395
3.82

3.85

3496
30 9ls
3.92

403
3099
3.98

4e 16 >4,20 >4y 20 >4 20
415 5Uy 20 420 >4 20
4e01 4,12 54,20 >4, 20

2,90 <2, 90
<29 2,97
<20 3.,
3603 3407
20 4 2,90
<290 3.

<2, 90

3. 10
3012
2, b
358

3,01
3406
301
2o 94
2
3011

3.02
Se il
3.12
3012
3.07
3.80

3¢ 39
333
3.33
3. 30
3e 25
585

385
3.87
3. 97
3.68
3¢ 64
3¢9

S0 I
ls Ol
409
3.87
388
399

407 4919 4,20 4,20
be15 24419 34320 >4 20
415 3420 34 20 4,20
4e01 34,20 418 24,20
14402 4,20 4020 ¥ 20
415 2420 Y20 3,20

2,90 2,99

3601 3,09

3212

3e33

386

3+98

30 96

e 11 4420 >4e 20 >4 20



Values of pF at depth of 48 in,

(Irrigated Plots)

Plot

Ropli-

cate

Nove. 1954 Dec, Jan, 1955

22 26 7 14 21 - ] 4 1 18

25

QuUe

3002 €2,90 @90 <290 3,26 3,78 377 3.82 3.76
2,90 2,90 <2,90 <2,90 <2,90 2,90 3.18 3.82 3,80

3.80
3.85

<2,90 <2,90 2,90 2,90 <2,90 <290 297 2,88 <290 <230

oop

<2.90 2,97 €2,90 <2,90 3,02 <2,90 290 2,97 2935
<2,90 2,90 €2,90 <2,90 4,00 359 L4001 4,03 400
2,90 2,97 297 2,97 <290 2,90 2,90 <90 299

297
3.99
3. Oy

2,92 2,97 <290 2,97 2,92 <290 2,93 329 3.37

3o k6

2,99 2,90 <290 2,90 2,99 297 297 2,97 <290 <230

€2,90 <2,90 €2,90 2,90 2,90 2,97 <290 297 <%0

2,97

I

2,99 3,02 3,08 3.32 3,82 3.48 3.18 3,06 2,97
2,92 2,97 €290 <2,90 346 2,97 3,96 402 3,39
2.92 €2,90 2,90 @,90 2,90 @290 3,77 376 2N

297
3405
2,97

Qoe

2,99 2,90 2,90 2,92 <2,90 <290 2,90 <, 0 297

3e22

Q.90 €©,90 2,90 <2,90 2,90 2,90 2,90 <2,90 20 <2, 90
2,90 2,90 €2,90 2,90 2,90 2,90 <2,90 2,90 20 <250

ouvs

2,99 2,92 2,97 <290 3,05 297 3,03 351 3.h0
2,90 2,90 €290 2,97 <290 €290 <2,90 <290 <0
€2,90 €2,90 2,90 €2,90 <290 3.41 290 2,97 3.0

3.38
2,97
2,97

LMo W

Representative Plot Values (medien of 3 replicates)

@90 2,90 2,90 2,90 2.0 <290 3,18 3,82 2,76
2,90 2,97 €290 <2,90 3,02 <2,90 €2,90 2,97 2,99
2.92 2,90 <2,90 290 2,92 297 297 297 <%0
2,92 2,97 €2,90 <290 3.46 2,97 3.77 3.76 297

3.80
3. Ok
2,97
2,97

€2,90 2,90 <2,90 <290 €290 €290 2,90 2,90 2,90 <20

Q90 2,90 <2,90 <290 <290 2,97 2,90 2,97 3.0t

2,97

Representative Treatment Values (median of 6 Plot modians)

€2,90 €2,90 290 <2,90 2,90 293 295 297 2,98

297



265.

pF at 48 in, (Irrigated plots) = Contirmued

Feb,

lar,

15

22

1

8 15

22

X 5

19

3,82
385
<2,90

30 84
3.01

3485
4.09
209

3¢90
3.87
3038

3.88
3.87
Sele5

3.89 3,88
Je31 3,90
3052 3,56

3.86
3.89
3465

3485 3.85
3,88 3,87
3.65 3.64

3483
383
3.68

3.82
3 84
3.7

317
3495
299

<290
3096
3403

3. 70
395
312

S99
4,01
30 2

390
397
e 3h

3,91 3,83
400 4,08
3.48 3,58

391
4 06
3.80

390 3,93
be U2 5402
3,88 3,96

3692
%03
4o Ol

3093
403
4,05

3. 48
2,97
3,18

3.77
3¢55
3469

3.85
4,02
3. T1

4. 05
3.86
3¢ 79

4,01
3.80
3e 77

4y 06 4y 20
3485 3495
3.77 4 20

402
5y OB
3,86

403 4,00
406 4,09
3.86 3.88

4,00
405
3.88

4o 00
4 05
3,87

3012
3.88
Sels

3¢03
e 92
3405

3019
388
3.60

3¢30 <2, 90

299 <290 <2,90
3089 3,82 <2,90 2,90 2,97
3408 <2490 «2,90 2,90 <2,90 <2,90 <2, 90

3,09 3,07
290 <0

3.18
Je 03

Se 34
30 3l
2,97

3437 3.63
<2,90 2,99
2,90 2,90

3. 61
3.20
3430

3e72
3.76
375

3¢ 69
3«70
30 T

3416
3469
3.T7

3. 64
3. 67
30 T

34 67

369
3,80

3.69
3.89
3. 79

3o 6
3.7
3.81

S0 S
3.69
31

407
305
291

391
3. 20

403
3¢ 39

2,0 <2, 90

3,96
S 5l

3496
3463

3.96
3.58

3.93
3.68

299 2,90 <2,90 <,50

3o 3.9k
372 374
3.09 <2,

be 01
3.76
<2,90

3¢ Bl
3e17
369
el
299
3405

385
3.0
385
360
2030
320

3,87
3¢ 92

375

3.87

3.89 .88

3.86

3690 3.91 3.83 3.91
3086 3.80 3.85 «2,90 4e02
3068 2,90 €2,9C <2,90 <2,90

3. 70

3467 3.69

3469

3239 3,56 3,58 3,63 3.68

385 3.85
3.90 13,96
403 4,00
2,90 <2,50
3.69 370
32 34Tk

3.83

4,01
2003
3072
375

383
403
1400
30 14
3.70
377

3,82
103
Uy 0O
3434

3676

304 3.29

3. 65

3. &) 3. 75 5. 76 5. 66 3. 78

378 3,79

3¢ 19

3.80

3019



266,

pF at 48 in, (Irrigated plots) - Continued

May June July Auge Semt,

3 10 18 24 31 9 L 2 12 9 8

3,83 3.83 3.82 3,32 3,62 3,83 3,82 <490 3.01 <290 <2,90
3,83 3,83 3,82 3.83 3,78 3,33 3.06 3,01 <2,90 <290 <90
3.70 3.7 3.7 3.70 3,66 3.62 3,47 <2,90 <2,90 €2, 90 <2,90

3092 3493 3.92 3,90 3,92 3.50 3,22 <2,90 2.9 <290 <290
4,02 4,05 UeOb 4,05 Ue12 400 L4300 2,90 2,90 2,90 <2, 50
el 4O 408 4,07 3,99 406 4403 <290 2,94 <2,90 <290

5,02 4,02 508 4,05 4eOh 4,03 400 LeOh 3,95 <290 <2,90
408 U4e02 3,98 4:06 405 4e00 40k 3629 <2,90 <2,90 <2,90
3,90 3,87 3,90 3,90 3,89 3,89 383 381 3,69 <290 <90

3042 3,49 3432 3,54 295 35,02 2,95 €2,90 2,9% <2,90 <,%0
3056 3,6k 3,68 3,66 3,51 2,96 <290 2,94 <2,90 2,90 <2,90
297 3,07 3,02 3,16 2,91 <290 <2,90 <290 <2.90 <290 <230

3,57 358 3,09 2,90 €90 2,90 <2,90 <2,90 2,90 2,90 <, 90
3069 3,68 3,67 3,68 3,72 <2,90 2,90 <,90 2,90 <2, <,30
3081 3,80 3,81 3,81 3,78 €290 <2,90 <2,90 <290 <, 90 <2,30

hOt 4,03 406 14,06 L4305 4,07 4,03 4,0k €2,90 €2,90 <,%0
3677 3482 3,80 3,80 3,80 35,82 3481 3,55 294 <290 <290
<2,90 €2,90 2,97 2,96 <2,90 2,96 2,99 2,90 2,9 <2,90 <,9%0

3083 3,83 3,82 3,82 3,66 3,62 347 <2,90 €2,90 <290 <230
1902 UgOlp 4,04 U4e05 3,99 4,00 4.00 <290 2,9 <2,90 <2, 90
4402 1y02 3,98 4,05 U4eOl 4,00 4eO0 3,81 3,69 2,90 <90
3656 3249 3.32 3e5h 295 2,96 <290 €2,90 €2,90 2,90 <2,90
3.69 3,68 3,67 3,68 3,72 €2.90 <2,90 2,90 «2,90 <230 <2, 90
377 3,82 3,80 3,80 3,80 3,82 3,81 3,55 2.9 290 <2950

3.80 3,82 3,81 3.81 3,76 3,72 3.6k <290 2,92 2,90 <2,90



267.

p¥ at 48 in, (Non~irrigated plots) - Contimed

Oct,

Nov,

Dec, Jan, 1956

5 . 18 21 25

1

15

25

6 13 2 3 10

€2,90 <2,90 2,90 296 3,15
3,07 3,04 <2,90 <2,90 <2,90
2,99 2,96 <2,90 3,18 3,30

3¢ 78
3.25
3.37

3.95
393
3498

410
Lo Ol
4. 08

4,10
3.98
413

4e 18 34 20 >4, 20 >4, 20
4,20 4,20 >4, 20 >4, 20
418 94,20 4,20 >4, 20

<2,90 <2,90 3,02 3,21 3.72
<2,90 <2,90 <2,90 2,90 <,90

3.85
3.12

<2,90 2,90 2,96 2,90 <2,90 <2 90

3.98
3.92
3¢15

4,09
4,07
3.7

b 12 4,20 4,20 >4, 20
4o 17 2 20 >4, 20 >4, 20
be 20 U418 4,20 >4, 20

4,09
407
390

<2,90 <290 <,90 3,06 <2,90 2,90 <2,90

<2,90 3,02 2,96 2,96 2.99
<2,90 <2,90 <2,90 <2,90 <2,90

3.07
<2, 90

3.72
3.17

3. 65
3.98
4, Oh

4,07
4,01
4,10

b4oth 4,20 419
4410 34,20 %4, 20
%i4e 20 34,20 24,20

3,20
e 20
*, 20

<2, 90 2,96 2,98 3.05
<2, 90 3022 3.2% 3.33
<2,90 3022 3e2h 3.33

3.07
317
3.19

3.38
3.49
3.65

4y Ol Sl 20

3. 72
L 04

3.87
he 20

5413 420 by 20 4y 20 >4, 20
3,93 AeOb Ly 18 4,20 34,20
4e 10 34,20 4,20 4,20 >4, 20

3.09 3,06
3616 3422
3.02 3,08

2,98
3.1
3.02

3405
315
3.07

<2,90
<2, 90
<2,90

3.09
3.49
30 14

3.77
3.97
3.78

4e 11
I3
3.9

4,04 4o 20 4,20 4,20
409 4,20 4,20 >4, 20
397 le10 34,20 %4, 20

>4 20
>, 20
>4y 20

2,90 2,90 2,96
3,04 3,05 <,90
<2,90 <2,90 3,02

<2, 90
3405
3.05

<2, 90
<2, 90
<2, 90

3.07
2,96
3.02

3.83
2,97
3.68

kO3
3.12
4,06

4,02
3. 68
409

Q3 4,20 >4 20 4,20
3.99 420 34,20 >4, 20
418 >4.20 4,20 >4, 20

2,96
<290
<2, 90

317

3402

3405

<290 2,96 3.15
2,96 «2,90 <290

2,99
<2, 90
<2, 90
<2, 90
<2,90
<2,90

3622 3.2% 3.33
3,07 3,09 3.08
<2,90 <2,90 2,96

337
3.12

<290 2,96 <290 <,90

3049
Se 14
3.02

3¢95
2092
3.17
ke O
3.78
3.68

4,08
4,07
3.98
I 20
411
4,03

410 1418 54,20 >4, 20 >4y 20
107 412 4y 20 54,20 4y 20
507 Uy th >4y 20 4,20 54,20
110 >4y 20 iy 20 >hy 20 >4y 20
4Ol 4y 20 >4y 20 4y 20 >4y 20
102 4,09 3420 3420 >4y 20

2,90 29Y 293 2,96 3,02

3e15

3.85

4,08

e 07 416 54,20 >4, 20 4, 20



268,

Values of pF at dspth of 60 in,
(Irrigated Flots)

Plot Repli- 5
cate Nov, 1954 Dec, Jan, 1955

22 26 7 18 21 28 & 11 18 25

ove

L0 2,90 2,90 2,90 <2,90 <290 <2,90 <2,90 <290 2,97
Qo0 2,90 2,90 2,90 €2,90 2,90 2,90 2,97 <290 2,97
Q90 3601 2,90 <290 2,92 2,90 2,97 €2,90 2,99 <2,90

ooUe

LeI0 2,97 <290 290 <290 <290 <2,90 bk 343 3.5
290 2,97 <290 <2,90 2,92 €2,90 2,92 3,0 357 3.46
290 3,02 2,97 297 <2090 <2,90 <2,90 34420 2,99 <290

QUp

3637 3033 330 297 3.36 3433 299 3e31 3,45 3.54
<290 2,92 2,90 €2,90 <2,90 <2,90 2,97 <%,90 <2,90 <2,90
L0 2,950 <2,90 <290 <2,90 2,97 <290 <290 <2,90 <2,90

ooy

299 300 <290 <2,90 €2,90 <2,90 3,18 3.85 3.75 3.72
292 2,90 €2,90 2,90 €2,90 <290 3,96 3.19 3.03 292
292 2,97 @,90 2,90 290 2,97 3Tl 3.53 341 297

ovp

2,99 2,97 @90 <290 <2,90 <2,90 2,90 2,90 2,97 <2,90
2,90 2,90 2,50 2,90 2,90 2,90 <2,90 <2,90 2,97 €2,90
<90 <290 297 2,90 <2,90 <2,90 <2,90 <2,90 <2, 90 <2,90

oUp

.90 <2,90 297 <2,90 <2,90 2,97 3,03 <2,90 <2,90 <2,90
2,90 <2, 90 <290 <290 <290 2,97 <290 3,03 3,09 2,97
<@, 90 €2,90 <,90 2,90 <290 <2,90 <2,90 <2,90 3,01 3.42

L= Nl o Rl

Representative Flot Valuss (medisn of 3 replicates)

<230 2,90 2,90 2,90 2,90 <290 €2,90 <2,90 <2,90 2,97
2,90 2,97 <290 2,90 2,90 <2,90 <2,90 3,70 3.43 3.31
<290 2,92 2,90<<2,90 2,90 2,97 2,97 <2,90 <2,90 <2,90
292 2,97 <2,90 €2,90 <2,90 2,90 3,77 3,53 3.4t 297
290 <290 €2,90 <2,90 <2,90 <2,90 <2,90 <2,90 2,97 <2,90
<290 €2,90 <2,90 <290 <290 2,97 <2,90 <290 3,01 2,97

Representative Treatment Values (median of 6 Plot medians)
290 290 <2,90 <290 <2,90 <2,90 <290 <2,90 2,99 2,97



269,

pF at 60 in, (Irrigated plots) = Continued

Feb,

Mo,

Apr,

1 8

15 22

1 8

15 22

30

5 i2

19 26

3¢09 3622
<2, 90 <2,90
<2,90 2,00

¢35
3.09
297

3072
313
3.03

3¢ 31
315
2,00

3e37
Se 14
Se 49

Sel3 3¢50
3639 3.48
297 <290

Se52
Je 55
Se13

3049 3e48
3.61 3,66

2.09 5.1

3048
3.69
318

Se k9
3. 70
327

3039 3ol
J¢31 3¢50
3¢01 <2,90

3438
3. 69
3403

LY
Je 91
303

Se bt
3. 78
3.09

Se &l
3o 14

3¢ T

399 3.62
3613 3.7k
3.26 3.59

3. 70
375
375

3.80
3.85
Se T4

Sel?
3693
3¢ 99

3.82

3093
3.79

3.7
392
3.80

3,54 3,65
3ol 3,63
<2,90 2,97

3.67
3. 64
2,97

3¢ 15
3.69
2,90

3.79
30 64
2,97

379 >4 20
3.6k 3.78
2,92 <2,90

379
3.88

305

379
3.32

315

3.80
3.83
3.27

3.80
3¢ Bl
Se bkt

3.80
3,80
Se Sk

3. 81
3.81
3. 56

306k 3,6k
<2,90 2,97
3403 <2,90

3.58 3,62

3467 3.65

3,65 3.68

<2,90 2,90 <2,90 <290 2,96 <2,90
2,90 3,02 <290 <290 <2,90 <2, 20

30 66
2,90
<2,90

<2, 90
<2, 90

3.67 3475
3.02

292

3.T7
2,97
3.03

3. 77
2,96
3.08

<2,90 <2, 90
<20 2,97
<2,90 <2,90

2,97 <290
3.0 3.1
<2, 90 <2,90

<2,90 2,97
3.05 3.11
290 <2,90

Je U <2,90
3.13 3.4
el 2,97

<2, 50
3.09
<, %0

<2, 90 <2,90

317 3e21
2,92 <2,90

301
Je b
<290 3,00

3.02
Je 22

<2,90 <2,90
3,01 2,97
3011 3.58

297 3.29
203 2,90
3.48 3,37

3e37 el

3461 3.70

3,06 <2,90 <2,90 <2, %0

3413 <2,90

3.09 2,90

3¢ 73
3403
3.03

3T 3.T7
3,01 2,90
292 3,03

371 3.T1
2,97 <,90
403 3,16

<2,90 <2,90
3437 3Sels?
314 3,63
3,03 2.97
<2,90 <2,90
3,01 2,97

5003
3.38
3064 3,69
<290 3,02
2,97 2,90
3.03 3.29

3.09
el

3615 3437
Selide 3okl
3.64 3.6k
<2,90 <2,30
2,90 297
3013 <2.90

3639 .48
3673 3.62
3.7 3.79
2,96 «2,90

Je 52
3.75
379

<0 <2,90

Je b9
5480
3.80

3048
5¢93
3.80
3.02

Sl 2,97 2,90 2,92 2,90
3.09 <290 3,03 3,01 3,03

348
3.82
3.80
3.03
3601
Se T

3049

3481
3.08
3,02
3016

3.02 2,97

3403 3.19

30t 3417

3626 3423 3427 3,25 3425

3463 3.33



270,

p* at 60 in, (Irrigated plots) - Continued

Yoy June July Aug, Sept,

3 10 18 2 51 9 W 28 12 9 8

3648 3e48 3653 3453 3052 3.5 3.5 3,55 3,53 <290 <2,90
3013 3eTh 376 377 3.77 379 3.79 <290 3,01 <2,90 <2,90
3026 3.39 3,42 30kl 3,46 3.bh 346 3,14 <2,90 <2,90 <2,90

378 3.9 34T 3.77 3480 3.79 3,79 3aTh 36k <2,90 <2,90
3695 3:90 3.90 1,92 3,80 3,90 3.88 2,90 2,90 2,90 <,90
38l 3483 3.85 3.85 3.89 3,86 3,86 3,82 3,79 .90 <290

3482 3,99 3482 3,82 3,86 3,65 3,55 3.16 3,28 <2,90 <2,90
3680 3,80 3,82 3,82 3,83 3,82 3,80 3,79 3,90 <2,90 2,90
3058 20 3,6k 3,62 3,65 3,67 3,64 3,66 3,67 2,90 <2,90

3677 3e77 3¢T8 34T8 3.79 3,65 3,50 <290 2% 2,90 <2,90
2097 3408 3416 35427 3,29 2,95 €2,90 <290 <290 <290 <2,90
3029 3el2 3e47 34T 3040 2,96 2,90 2,95 2,90 2,90 <2,90

@,90 <290 3,06 €2,90 3,05 <290 <2,90 2,90 %% 2,90 <,
3015 3467 3421 3,25 342k 3,22 3.2 3,23 3.01 <2,90 <2,90
3000 2,90 2,92 3,02 2,95 <2, 90 <2,90 <2,90 <2,90 <2,90 <2,90

3076 3477 3,80 3,80 3,80 3,79 3. 79 3,80 <290 <2,90 <2,90
280 2,90 3,01 299 2,95 <290 <290 <2,90 <2,90 <2,90 <2,90
3618 3029 3,36 342 343 347 3.49 <290 2,90 <2,90 2,90

3048 3443 3053 3,53 3452 3.5k 3054 deth 3,01 2,90 2,90
3084 3,83 3,85 3,85 3.88 3.86 3.86 3.7% 3,64 <2,90 2,90
380 3,99 3,82 3,82 3,83 3,67 3.64 3,66 3,67 <2,90 <2,90
3029 3042 3,47 3obT 3e40 2,96 2,90 <2, 90 2,90 <2,90 2,90
3000 .90 3,06 3,02 3,05 €2 9C 2,90 290 2,94 <2,90 <2,90
3618 3.29 3,36 3ek2 3e43 3ebT 3049 <2,90 <2,90 2,90 <2,90

3033 Sel5 3450 3450 3.48 3451 3451 3,03 2,97 2,50 2,90



27.

PP at 60 in, (Irrigeted plots; - Continued

Oct, Hov, Dec, Jen, 1956

5 14 18 21 25 1 15 25 6 13 20 3 10

2,90 2,90 2,95 <2,90 2,90 2% 3.38 3.61 3,60 3,73 3,86 3,97 >4 20
€290 2,98 2,95 2,90 <290 249 3.47 3,68 3,68 3,90 U412 U413 >4, 20
“2,90 2,90 2,90 2,90 2,90 3,05 3.3h 3,60 3,61 3,80 3,97 LoD 4,20

@90 2,90 2,95 3,05 5657 3468 3eT7 3488 3479 3493 406 L4e18 >4, 20
290 2,90 €2,90 <2H0 298 3,46 3.78 3.77 3491 U4e10 U4e17 54,20 >4y 20
€290 3,82 3,82 3,83 3,85 3,89 3,88 3,95 3.97 U410 3420 34,20 >4 20

3029 3029 3e31 3.3k 3:38 3,50 349 355 3eT7 3.87 Ol 4419 >4y 20
2bh 2,99 3,08 3412 318 3.32 3,55 3483 3.86 3,96 14,05 4,09 >4 20
3¢5 3e48 3,51 3.55 3,60 3.70 3,78 3,81 3,90 U402 U415 >4y 20 >4y 20

360k 3,07 311 2,90 2,98 2,94 3.05 3027 3,77 3.95 b1 34320 34,20
2R 3,07 2,90 <290 <2490 3,19 3,58 3,77 3T 3093 411 34020 54,20
3001 2,90 €2,90 R0 2,95 34350 3eTh 3491 3,83 L4e05 4e15 4918 34,20

2,90 2,97 3.01 @90 2% %90 3,16 3,47 3,53 3.7 lUe17 hell 420
€290 <2,90 3,07 €290 <290 <2,90 3,05 3413 3,29 3,49 5420 Lyl 3420
€290 @0 <290 2,90 <20 <290 <290 2,90 3,02 3.13 4,20 5.86 220

<290 3.0h 3607 3et4 3439 3479 3489 395 3,96 huih U4e15 20 34,20
90 2,95 Q2,90 2,92 295 3632 3478 3495 3.90 U406 4417 e 20 >4 20
L0 2,95 <2%90 2,95 295 e 3679 3499 3.91 403 U415 3420 34 20

—— s

€290 @e90 2,95 <290 2,90 2094 3,38 3,61 3,61 3,80 3,97 LeOb 20
20 2,90 2,55 3,05 3,37 3.68 3478 3488 3,91 4310 Lo 1T e 20 34,20
5029 329 3431 334 3.38 3,50 3.55 3.81 3,86 3,96 4,05 Le19 e 20
3001 3,07 <290 ©2,9C 295 3e19 3.58 3.77 3.77 3,95 letl <290 34,20
2,90 2,90 3,01 2,90 2,90 <90 3,05 3013 2,29 3,49 L2 L4yOh M\ 20
@90 2,95 20 2,95 295 3.32 379 3.95 2,91 4,06 Ly 15 My 20 MW 20

@290 2,92 2,95 2,92 2,95 3425 3456 3.79 3,81 3.95 Le13 420 34,20
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275.

Values of pF at depth of 6 in,
(Non-Irrigated Plots)

Repli~ :
Flot cate Rov, 1954 Dec, Jan, 1955

22 26 T 14 214 28 & " 18 25
g 2,90 3,00 3,96 6402 4420 3420 e 20 120 0 3,86
c b €290 3,36 3489 4,02 ke15 420 4,20 3420 3,88 3,95
c 3010 3,00 3,95 4,01 54420 20 >4, 20 3,64 3,29 3,81
a 2,99 3613 Le18 4,20 24020 2420 3,91 3420 3,03 3.96
E b 3,45 3053 4:10 U4e15 Ue18 34920 >4 20 Y420 3,09 4,06
c 3,03 3,59 U4e18 4020 D20 M 20 420 3,13 >4e 20 34, 0
a 3,42 3417 3.96 4,00 L4O5 415 4,20 24420 3,03 3.47
F b <2.90 3,07 4,03 4,09 4919 %420 4,20 344,20 3,03 3.79
c 3049 3469 418 4315 415 420 3,59 410 3,09 420
a 3,05 3,06 3,77 3.90 4420 >4, 20 >4 20 34,20 3,09 3,81
I b 3,50 3,50 4918 Ue18 420 My 20 34, 20 >4, 20 3,09 3,85
c 3,40 3,06 3,70 3,90 e 20 4o 20 4020 0 3,19 405
K b 410 3,96 20 L4420 3,91 4,00 20 4405 4420 54, 20
¢ 3,51 3,38 4420 3,89 413 20 Il 410 2,97 4,04
a 3,92 3,73 U418 U420 >4,20 >4 20 >4, 20 >4, 20 2,90 4,08
L b 3.0 3471 420 420 4915 415 %4020 3420 2,90 3,75
c 3072 348 3,94 400 4,02 410 3420 34,20 3,25 3,79

iepresantative Plot Values (medisn of 3 replicates)
c 2,90 3,00 3,95 402 4920 4320 4,20 4,20 3,88 3,86
) 3,03 3,53 418 420 4020 4,20 4,20 4,20 3,09 4,06
F 3,42 3,17 403 5,09 415 2020 N 20 4,20 3,053 3.7
I 3010 3,06 3077 3¢90 Mo 20 4,20 4420 4,20 3,09 3,85
K 3051 3052 420 4910 4913 420 411 410 3,09 415
L 3092 3,71 418 4,20 Ue1D 4e15 420 >4, 20 <2,90 4,08

Representative Treatment Values (median of 6 Plot mediana)
3.26 3,35 &M

4e 10 4418 34,20 >4, 20 34, 20

3.9

3.96



pF at

7.

6 in, (Non~irrigated plots) = Continued

Fab.

lials

A‘O!'.

-~

15

22

1 8

15 22

30

5 12

19

26

>le 20 >y 20
3y 20 >4y 20
be 19 340 20

375
3. 61
3.50

k.15
e 20
4,08

She 20 4420
314y 20 >he 20
>0u 20 >4y 20

Yo 20 >4 20
e 20 344 20
24y 20 iy 20

e 20 4420 e 20 3,82

Slq 20
ol 20

e 20 44 20

333

Sy 20 34920 e 20

2.
3.7
4,08

e 20 4420
>y 20 >4e 20
e 20 >4 20

3e Tl
3.58
3.60

4e 20
e 16
3,96

34y 20 4,20
>y 20 >4, 20
be20 e 20

> 20
>4y 20
>, 20

ke 20
e 20
>4 20

e 20
iie 20
>4y 20

>4 20
)L'p. a)
> 20

iy 20
Sl 20
>y 20

3066

3455
3¢ T

3.87
3.83
3.90

3092 >4 20
4e13 >4 20
e 20 4 20

Sele?
Se W
3. 91

3,88
iy 20
>4y 20

gy 20 ie 20
dlpy 20 >i4e 20
>l 20 >4 20

>y 20
Slhe 20
>4 20

e 20
Sise 20
>4y 20

>4 20
4o 20
>4 20

e 20
>l,q 20
>4 20

>4, 20
2"
dlpe 20

3.30
372
3. 70

3.72

397
4 06

e 20
e 20
4o 20

4,18
Sie 20
e 20

3.7
Se Tl
3.81

>4y 20
Sle 20
4he12

e 20 24, 20
Y4y 20 >4 20
>4y 20 >4 20

»he 20
4 20
She 20

>4 20
>4y 20
344 20

— -

>y 20 4,20
Sl 20

>4y 20 4, 0

3.92
3.65
3. 68

Sl 20
3,88
Le 12

e 20 4420
4e15 34,20
>4e 20 4y X0

>l 20 >l,,20“
e 20 >4, 20
Slhe 20 >4, 20

>4y 20
>4e 20
>4y 20

o ———— + - A~ ci

>4 20
>4 20
>4e 20

e 20 34,20
>4e 20 24,20
4o 20 >4 20

3.89
3.68
e 20

399
5.92
L. 10

e 20
She 20
S4e X0

>4, 20
>y, 20
>4y 20

3.80
3«75
3. 64

391
3,88
3. 8l

e 20 >4 20
4,07 > 20
Lo Q4 >4, 20

3633
3463
30 644

415
4,08
3¢91

>4y 20 4y 20
>4y 20 >4, 20
19 34,20

e 20
Shye 20
>he 20

Slyy 20
e 20
>he 20

>l 20
>4 20
iy 20

>4y 20
e 20
>4y 20

>4, 20
>4, 20
>4y 20

3,65
3.69
30 64

4,01
3.92
5.85

4420 >4y 20
>4e 20 4,20
le13 >4 20
3l 20 >4 20
>4y 20 >4 20
4 07 >4 20

3, 61
3. 60
3+ 91
3.79
3.68
3.63

he 15
4,10
>4 20
34 20
4,12

4 OB >4 20 >4 20 >4 20

>4y 20 iy 20
e 20 54,20
b4 20 >he 0
>4y 20 >4, 20
Yhe 20 44 20

>4, 20
Sy 20
>y 20
>l 20
>4 20
>hy 20

Sl 20
Slpe 20
>y 20
4y 20
She 20

e 20
>4y 20
e 20
>4y 20
>, 20
44 20

>4y 20 >4y 20
e 20 e 20
o 20 34,20
My 20 4o 0
>4e 20 4y 20
e 20 >4 20

3,82
3466
3. 70
3.89
e 15
3. 65

e
3.87
3.97
3. 99
3. 88
3.92

34,20 4 20

3. 66

o Uy SU4e 20 >4 20 >4 20

>le 20

>4, 20

>l4e 20 4 20

373

3. 90



215

oF at 6 in, (Nom-irrignted plots) - Contimued

June Ju.ly Aug. Sept.

2 3

9

14 28 12 9 8

09
>4, 20

3.82
e d2
40D

3.1 2.9%
3.08 3,03
3,09 3,00

2.92
<2.90
<2, 90

2,90 2,90 <2,90 <2,90 <2,90
2,90 <2,90 2,90 2,90 <30
3,05 <290 <290 <2,90 <2,90

‘!-:'v09
4,09

243
3¢ 77

3e11 3,20
3616 3.18
2.9% 315

<2, 90
<2, 91
<2, 90

3,05 <2,90 €2,90 <2, 90 <290
<2,90 <2,90 <2,90 <2,90 <2, 90
3405 <2,90 <2,90 <2, 90 <290

3.89
3489
>4, 20

3.27
3462
34 56

311 <290
3014 3,03
3¢ 22 <2,90

298
2. 1
<2, 90

305 <2,90 2,92 <2,90 <2,90
<2,90 <2,90 <2,90 <290 <2,90
<2, 90 <2,90 <290 <2,90 <2,90

b3
4,18

3. 81
3. 56
4 05

3622 3,66
3,20 3,08
330 3.17

3. 12
3.06
3.16

5005 3412 <2,90 <2,90 <2,90
3011 3,06 <290 <2,90 «2,90
320 3.10 <2,90 <2,90 <2,90

409
3.96
be Ol

3. 60
3. 78
3035

35418 3,09
3.19 3.12
02 3,19

3.09
313
3. 09

3011 309 2,92 <2,90 <2,90
e 20 35,09 <2,90 <2,90 <2,90
3.05 3,05 <2,90 <290 <2,90

19
4, 02

Se St
3,46
3.59

3.16 2,97
3.03 3.05
3023 314

3,01
3,06
3. O

2,94 <2,90 <2,90 <2,90 <2,90
29 2,92 2,92 <2,90 <2,90
3,03 2,95 <290 <2,90 «,90

I 09
4,09
3,89
118
Ly Oy
4,08

3482
33
3.56
3¢ 56
3. 60
Do s

209
3.09
3.05
Do 4
Je 14
3.18

3,09 3,00
3,11 3,18
3.1 <2,90
3,22 3,17
3,19 3.52
3,16 3,05

<2, 0
<2,90
2.91
3.12
309
3. 0l

Q.90 <290 <2,90 <2,90 <2, 90
3005 €2,90 2,50 €2,90 <2,90
2,90 2,90 <290 2,90 <20
3011 3,10 2,90 <2,90 <2,%0
3011 3,09 <2,90 <2,90 <90
294 2,92 <2,90 2,90 <2,90

4 08

3.56

3012

3.15 3.09

2,98

3600 2,91 <2,90 2,90 <290



276,

pF at 6 in, (Non~irrigated plots) = Contimued

Cot,

Nov,

Dec, Jan, 1956

s

18

21 25

15 25

6 i35 20 3 10

3.16
3,02
3. 09

3.27
3. 11
30l

347
3.38
3476

3.87
3.80
4,00

4,00
3.98
412

4,08
3.98
413

3497 >4e 20
3,67 bt
4,08 kb

4018 Sl 20 e 20 i 20 >4, 20
3069 >4e20 Dhe 20 54920 e 20
4e 18 4920 U 20 34 20 >4 20

3o Gl
S0 1
3e12

3¢ 52
Se Ol
<2, 90

3465
3. 11
299

3.85
3.26
3o b2

405
30 64
3.7

b 00
3.7
321

3 71 e 20
3.68 410
3,02 4,06

30 Gl Plpe 20 Pl 20 Shy 20 D4y 20
3,50 4918 24.20 34,20 M4y 20
3629 iy 20 B4y 20 e 20 >4 20

34 Ol
3011
3¢ 21

S0 44
30 Vs
333

30 52
Se b7
3463

4,08
3097
b Ok

3eN
3. 8¢
395

be 02
3,96
3,88

3,65 Uke15
3.66 U416
3.89 413

3092 34020 4420 e 20 4, 20
3687 4013 320 3420 4, 20
389 4411 34420 54,20 34, 20

S0 Ol
3.09
<2, 90

3¢20
3. 16
34 26

3.58
e 2l
3059

4ke 16
k42 3.69
3,87 4,08

3.92

4, 08
3. 64
i

3.75 e 20
o2y b2
3098 20

3079 e 20 e 20 4y 20 > 20
3046 iy 20 34920 420 >4y 20
e 18 4920 4020 4,20 >4, 10

3612

3. 03
Se 14

3. 69
321
3075

36 91
337
3495

ke 08 iy 20
3.67 3.89
b 1l >e 20

4,07
3.86
409

3687 >4 20
3.80 Le17
5695 e 20

3691 e 20 3420 34420 3,20
Ue 06 SUg 20 420 >4y 20 >4y 20
e O7 >Ue 20 24320 >4, 20 >4, 20

3. 16
34 06
3.09

3625
S22
3. 21

3672
3e53
3¢55

405 e 0
3661 3,73
3.90 411

5089
3.59
3.82

3. 60 >y 20
3.50 410
3690 >4 20

3061 34420 34420 4,20 Sy 20
383 4020 Uy 20 34420 4,20
313 >4e 20 54,20 e X0 M4 20

3.09
3012
3011
30 Ok
3012
3.09

30 27
e Ol
3.4
3e25
3.69
Je 22

Se b7
311
352
3.58
3¢ 91
3655

3.87
3. 42
3491 4Ok
3.87 4,08
4,08 >4, 20
290 ke 11

4e OO
3675

ke 0B
N
3. 96
4,08
4 07
3.82

3:97 he il
3.68 410
3.66 4415
3¢ 75 e 20
3087 4y 20
3460 >4 20

Le18 35,20 54,20 420 >he 20
3050 e 20 >4y 20 >4, 20 >4, 20
3.89 Ue13 34,20 >4, 20 >4 20
3079 4420 4y 20 e 20 >4y 20
U406 >4420 34y 20 4420 4, 20
3073 2020 >4, 20 34,20 >4, 20

3. 10

325

353

3.88 406

4, 01

3671 417



271,

Values of pF at depth of 12 in,

(Non=Irrigated Flots)

Nov, 1954 Dece Jan, 1955

22

26 7 b 21 28 4 11 18 25

oop

<2,90 <2,90 3,80 3,90 420 314y 20 je 20 4920 4o 20 iy 20

3453
2,96

2,92 4,08 412 4,18 34,20 544,20 54,20 3,03 3.4
<290 3,30 3,65 ke18 34,20 3420 >4, 20 3,03 316

— . oo

aop

3. 78
3¢23
3.70

3077 405 4,09 415 U418 »e20 >4, 20 3,03 3.80
3053 Ue13 4220 34320 21320 >4y 20 >4 20 >4, 20 3,97
373 4018 4920 34020 3l 20 >ie 20 3413 4020 >4 20

oo

326
3.08
3453

3629 L4e05 U412 34,20 >4,20 35,01 3,68 3.99 4,08
3669 34,20 4020 M 20 34020 3417 408 3,91 3.90
3,67 <2,90 <2,90 44 20 >4 20 >4 20 >4 20 3,08 3.89

sy« sy s

oee

3469
Sl
3. 94

3,66 Sl 20 S4y20 >4y 20 Y4y 20 >l 20 >4e 20 >4, 20 >4, 20
3,15 3,89 400 U4e13 U416 34,10 4,20 3,62 3,64
3480 %4020 54920 34920 4420 >4y 20 44 20 4,20 >4, 20

K

e 3 -

3.51
3. 57
3.83

3653 U4e10 418 24320 54,20 3,89 420 >4, 20 3,95
5051 L4o10 4017 409 418 54,20 54,20 54,20 >4, 20
3083 34020 420 Y4020 >4 20 4,20 34,20 >4, 20 >4, 0

oop

3¢ 79
3¢ 99
3.87

3,87 e 20 4o 20 4420 e 20. 3420 54,20 2,97 3,81
LeO3 e 20 420 4920 Mo 20 >4, 20 >4y 20 4420 >4, 20
3,96 e 20 4,20 <2,90 3,60 >4,20 >4,20 3,08 4,03

R Q

Representative Plot Values (median of 3 replicates)

2,96
3. 70
3¢53
3.69
3¢ 57
3.87

2,90 3,80 3,90 418 4020 34,20 >4, 20 3,03 3,16
3473 413 4320 4,20 4,20 24,20 4,20 4,20 3,97
3,67 405 4e12 4,20 >4,20 3,17 4,08 3,91 3.9
3,66 4,20 4,20 3420 >4y 20 4420 4 20 4,20 34,20
3,53 4e10 418 >4920 34,20 5420 54,20 >4e 20 >4, 20
3096 he 20 420 4920 4e20 4,20 34,20 3.08 4,03

3.63

3067 412 U419 >4,20 4,20 34,20 e 20 4,06 4,00



‘-)78-

pF at 12 in, (llon=irrigated plots) - Continued

Fedb, Mar, Apr,

1 8 15 2 1 8 15 22 30 5 12 19 26

Sy 20 3420 405 24y 20 4 20 34e 20 e 20 4e 20 e 20 54,20 34,20 34,20 M 0
35g 20 4320 3417 Sl 10 28e20 51520 3y 20 Yhe 20 Mg 20 P4y 20 i 20 he 20 e 20
Sy 20 4420 3417 4320 M40 20 4920 54 20 >4 20 >4y 20 54,20 4420 >4 20 >4, 20

Ype 20 420 3,68 U111 34y 20 420 Sy 20 54420 4o 20 >4y 20 34e 20 4,20 4 20
e 20 34e20 3,52 3.95 U4e19 24420 24y 20 420 4,20 34,20 4,20 he19 17
50420 0020 409 U420 2420 320 420 24,20 20 34,20 L. 20 4,20 Y4 20

e 20 420 3,85 L1 4320 24020 4920 34,20 >4y 20 e 20 >4q 20 M4 20 iy 20
b4e18 4020 3.54 3,90 e 20 %4420 >4, 20 420 >4, 20 24 20 2 20 4,08 3,92
20 4920 3,61 1307 4e 20 54920 2020 >4 20 >4 20 34020 >4 20 >Ue 20 34,20

249 20 4420 4o 20 4920 4,20 Y4420 4 20 >ie 20 4, 20 i 20 >4, 20 >4, 20 >4, 20
4Ol 4420 3,57 3.96 4320 >ly 20 die 20 >4y 20 4y 20 >4 20 344 20 ¥4, 20 >4, 20
34y 20 4y 20 54y 20 Mo 20 M4y 20 4y 20 4y 20 420 34 20 31 20 4 20 420 >4, 20

Y20 402 3,79 4e02 2420 34,20 w20 2420 We20 Y20 24,20 415 3,94
>4y 20 >4y 20 e 20 >y 20 iy 20 4920 >4y 20 4o 20 4o 20 iy 20 Uy 20 iy 20 iy, 20
>y 20 Uy 20 Slig 20 >y 20 3y 20 >4y 20 >4e 20 4o 20 34,20 >4y 20 >/, 20 >4, 20 lyq 20

4eOB 54320 3,58 3,96 920 4420 4q20 4920 4e20 4y 20 e 20 412 3,94
Sy 20 4y 20 Uy 20 4y 20 4420 1y 20 34420 4420 e 20 Wpo 20 34,20 4420 4,20
304920 34,20 3,77 4903 54420 34420 >y 20 349 20 M4y 20 >4e 20 34,20 >4 20 >4, 20

20 4,20 3017 i 20 P4 20 D40 20 M4 20 Mo 20 34 20 DUy 20 34y 20 34 20 D4 20
%y 20 4y 20 35,68 Uy 11 4020 e 20 e 20 4020 >4y 20 DUy 20 Dy 20 Ny 20 iy 20
4y 20 o0 3,61 Ug11 D4y 20 e 20 34020 24020 3y 20 4y 20 4y 20 iy 20 4, 20
34y 20 U4 20 My 20 Yy 20 M4 20 She 20 4 20 Phy 20 34q 20 4, 20 My 20 Y4 20 MW 20
Sy 20 Sl 20 Y4 20 ¥4y 20 P44 20 Y4 20 P4y 20 4 20 MUy 20 Y4y 20 iy 20 M4y 20 4, 20
4020 e 20 3,77 403 %420 34020 30 20 4,20 54,20 54,20 >4eg20 >4, 20 4o 20

4020 220 3475 Ue16 >Ue20 >4y 20 4120 34920 >4y 20 >4e 20 34, 20 >4y 20 >4, 20



279.

pF at 12 in, (Hon~-irrigated plots) = Continued

Moy

June July Aug., Sept.

3 10

18

2

bX 9

3 28 12 9 8

Mo 20 4020 <2,90 <2,90 2,92 <2,90 3,09 <290 2,91 <2,90 <2,90

e 20 4,20
>4y 20 4y 20

3005
3,01

297
3.07

290 3,05
<290 <2, 90

303 2,90 2,90 <2,90 <290
<2, 90 <2,90 <290 <2,90 <2,90

>4y 20
>4, 20
e 20

>4 20
3699
>4y 20

Je 11
2 9%
4,09

3.07
3. G2
3.26

%92
2,92
3.07

<2, 90
3e 20

30 23

294 <2,90 2,94 <2,90 <2,90
292 2,93 <2,90 <2,90 <2,90
3005 3025 <2,90 <2,90 2,90

4 02
3 70
S 20

3.1
396
>4e 20

2,93
2,94
3014

295
2,96
3.0

3,00
2,90
2.9

3. 05
3.07
305

2000 <2,90 <2,90 <2,90 <2,90
2005 2,90 3,09 <2,90 <2,90
Q. N0 <2X0 292 <2,90 <2,90

>4e 20
Sl 20
> 20

Pipe 20
.20
4y 20

>l 20
<2, 90
>, 20

4o 20
299
Se b7

3e 31
319
3. 15

S 15
S 13
3.16

294 3,12 2,99 <2,90 <2,90
o5 3415 2,95 <290 <2,90
3.16 3,07 <2,90 <2,90 <2,90

4,00
> 20
>4, 20

3.91
>4 20
e X0

3,06
Sl 20
>4, 20

2,92
3.69
3. 80

292
299
3410

<2, %0
J.05
2,96

294 2,93 <2,90 <2,90 <2,90
2.0 3,05 2,93 <290 <290
3005 3,06 <2,90 <2,90 <2,90

4O 3,79
4o 20 >4, 20
44 20 >4 20

293
2.09
3.07

292
310
e i3

299
3e12

299

<2, 90
e 11
2 94

294 2,90 2,96 2,90 <2,9%0
3400 3,04 3,03 <2,90 <2,90
3000 2,93 .90 <2, %0 <2,90

>4e 20 >4, 20
>4 20 >4, 20
3.96 4,02
e 20 34,20
e 20 >4, 20
e 20 34,20

3,01
3011
2, 5l
>l 20
>l 20
3.07

297
3402
2,96
3047
3.69
3,10

<2, 90
292
3405
315
299
299

2.90
3,20
2,94
3. 19
2,96
2. %

5¢05 <2, 90 Re90 <2,90 <2,90
294 2,95 42,90 <2,90 2,90
3005 2,90 2,92 <2,90 <, %0
3.05 3.12 2,93 <2,90 %0
294 3,05 <2,90 <2, 90 <%0
3,00 293 2,96 <290 <2,90

e 0 >4, 20

3¢ 09

3,06

295 299

3,02 2,93 2,91 <290 <,90



oF

2

80.

at 12 in, (Noneirrigated vlots) - Coutliued

Oct,

Nov,

Dec,

Jan, 1956

5 %

18

21

25

15 25

& 13

20 10

3

3022 3¢ lids
3e04 3,17
<,90 2,99

3463
30 29
2,96

3. 84
352
3.12

4,08
3¢90
315

2099
3.19

1,16
4,08
3 51

4,06
4 09
3025

by 05 34, 20
Q3 >4 20
3096 115

e 20 34,20 >4, 20
P4e 20 d4e 0 >4 20
e 20 24,20 4, 20

<290 3.2
305

317
2.96

30l
3,97
3607

3480
3 20
3¢33

399
3657
390

4,06
3091
4,02

09
S 91
406

> 20
I 10
4 17

4,18 >4, 20
4el13 >4 0
417 4,20

320 >4, 20
34e 20 >4y 20
20 >4, 20

>,, 20
>4y 20
>4 20

3. 07
3.02 3,07
3622

3¢ 17
302

3.16
Se b2
332

3e 33
5681
3e Tl

3.52
4403
3. 96

317
3,02 3.2
319

3012
3 22

3038
3426
3 2

3¢59
3460
3. 48

3095
3.85
3.81

Lot
by OO
k10

4, 06
4e 20
>4 20

44 00
406
3.98

4,07 L.18
>4 20 >4y 20
Lo 12 4,20

>4, 20 34,20
>4e 20 >4, 20
e 20 >4 20

>4 20
>4 20
>4 20

—— A S

409
3496
3.96

e 18 >4, 20
3,96 »4s 20
3.98 Ue12

4, 20 4y 20
L4e 10 >4, 20
L4e18 54,20

3y 20 44,20
24,20 >4, 20
34, 20 34,20

>e 20
>4 20
>4y 20

3.02
3¢ 20
326

3015

3.07
3602
<2, 950

3,80
3. 29
3. 29

4,03
S 51
Sek9

>, 20
Je 13
3,83

L4, 20
3.86
3098

>4, 20 34,20
3489 415
4,07 >, 20

>y 20 >4, 20
4e15 e 20
415 24,20

3,16
3. 67
3e27

Je33
3.78
3.68

30 64
30 S
3.88

2. 91
L 15
07

lee 09
i\ 20
gy 20

4o 17
e 20
3483

406 34,20
>lyy 20 4y 20
e 20 244 20

24,20 4420 4,20
54 20 24,20 >4, 20
24420 4,20 4,20

U4y 20 >l 20
>4y 20 >4y 20
>4, 20 >4, 20

>4y 20 34,20 34,20
4420 4y 20 >4y 20
34320 4y 20 4 20

30 Ok
3.07
317
3.02
3.02
327

3017
3.05
3,07
3. 22
3426
3.68

30 29
3. 07
332
329
3.88

Je 52
Je 33
Se Th
¢ 59
Je 51
W15

x
e d

3¢90
3496
3.85
3.8
Ny, 20

399
4,02
4 10
3.96
3.98
L17

4,06 4,08
406 417
400 L4 20
3098 3420
407 >4, 20
>4 20 34 20

405 54,20
b4e 17 > 20
4e12 54,20

34e 20 34420 >4, 20
54920 %4420 4,20
e 20 344 20 >4, 20

4e18 34y 20 3020 4. 20 24 20

4e15 34, 20
e 20 54420

Wie20 34,20 4,20
34y 20 >4, 20 ¥, 20

3. 20

3429

}.56

Je 0

405

4,06 4,20

4,16 4,20

34 20 34,20 34,20



281,

Valucs of pF at denth of 24 in,
(Hon=Lrrigated Flots)

Repli- g5
Plot oo Nov, 1954 Dec, Jan, 1955

2 26 7 4 214 28 Ly 11 18 25

a 2,90 €2,90 3,54 3,60 34,20 4,20 >4 20 34,20 4,20 >4, 20

c b 2,96 2,98 3,03 3,50 4920 >l 20 >4e 20 ¥4y 20 e 20 34, 20

c 2,96 €2,90 3,87 4912 4,20 420 4,20 4420 >4, 20 >4 20

a 2,96 2,98 3,03 3,98 >4y 20 iy 20 34,20 %4 20 34,20 >4 20

E b 2,90 3,04 3,21 3.55 3497 420 34,20 34,20 >4 20 >4, 20

c €2,90 3,0% €2,90 3,12 U405 4915 420 3,94 4,20 >4, 20

a 2,90 €2,90 2,97 3.32 3,73 380 4,20 >4, 20 4,20 >4, 20

¥ b 2,96 2,98 <2,90 2,92 3402 3,72 4420 344 20 343,20 >4, 20

c 2,96 2,98 <2,90 <2,90 2,93 3.09 3.48 3,80 3.92 4,02

a 2.96 3001 3.09 3062 10.03 >4, 20 4, 20 %4 20 She 20 34, 20

I b 2,96 3,04 3,79 L4e15 54920 54420 34320 >4e 20 >4 20 >4, 20

¢ 2,96 3,04 3,31 4e15 34520 34420 4,20 4,20 >4 20 >4, 20

e 3e51 3.04 3,11 3,47 3 48 3,72 L03 4,20 >4, 20 >4 20

K b 3408 3,1 3452 3.69 3,90 420 4,20 4,20 >4 20 >4, 20

c 3,08 3,04 3,32 3.58 3,62 3,72 3.7h 3.88 U,08 415

a 2,96 3,28 Lot1 U 16 U418 >4,20 5420 34,20 4420 >4, 20

L b <290 3,14 392 L4920 3420 320 U420 >4y 20 4,20 4,20

c 2096 2098 €2,90 302 3415 3402 3.T8 U400 4e10 L, 06
Ropresentative Plot values (median of 3 replicates)

c 2,96 €2,90 3,54 3,60 %4e20 3y 20 4,20 34,20 >4 20 >4, 20

E €2,90 3,01 3003 3455 505 34420 54,20 34,20 54,20 >4, 20

F 2,96 2,98 €2,90 2,92 3,02 3,72 544 20 4,20 4420 34, 20

I 2,96 3,04 3,31 U415 420 >4y 20 34320 34420 34,20 34,20

K 3,08 3404 3032 3458 3462 3,72 4903 >4e 20 34920 >4, 20

L 2096 3.1l 3,92 U416 Lo 18 D420 34420 4e 20 24,20 34 20

Representative Treatrent Values (median of 6 Plot medians)

2,96 3,03 3,32

3e59 U112 4420 34,20 34,20 4,20 34,20



282,

pF at 24 ia, (ion~irrigated plots) - Continued

F . 'b. } * Apr.

1 8 15 22 1 8 15 22 30 5 12 19 26

34420 34420 34, 20 >4, 20 314y 20 34,20 >4, 20 >4, 20 3420 4,20 34,20 34,20 >4, 20
3lpe 20 4920 Yl 20 34 20 34420 4,20 4920 34320 34420 >4y 20 4 20 24,20 >4, 20
34420 34y 20 34320 3420 4920 4y 20 D4 20 4920 4420 4y 20 My 20 4,20 54, 20

34620 4020 34,20 4,20 e 20 34,20 Y4320 S4e 20 3420 4e 20 420 3420 34,20
2120 34020 34420 4420 34420 4,20 34420 34420 34020 3U4e 20 4420 34,20 34,20
e 20 34420 4420 4920 34320 4 20 314420 4420 %4 20 4,20 SUe 20 44,20 34,20

420 420 4y 20 34320 My 20 >4y 20 310 20 iy 20 4420 420 >4 20 34,20 >4 20
4 20 4420 34420 34 20 4,20 4. 20 e 20 34920 4 20 4y 20 344,20 4420 >4y 20
5,08 U418 U410 4320 4020 >4 20 D420 4420 54320 4320 e 20 4,20 >4, 20

4n 20 e 20 ie 20 4o 20 S4e20 420 >4y 20 420 4020 4y 20 Sy 20 340 20 >4, 20
34020 020 Sy 20 >4y 20 4020 he20 34y 20 U 20 Uy 20 31y 20 4y 20 >4y 20 b4y 20
e 20 Uy 20 >h4e20 4020 >4y 20 e 20 4y 20 3y 20 iy 20 iy 20 >4y 20 >h4e 20 >4y 20

>4e20 14905 iy 20 4020 34020 U4y 20 34,20 Sy 20 iy 20 iy 20 >ie 20 by 20 Slyy 20
4y 20 4o 20 34e20 4020 >4y 20 4y 20 >0y 20 4o 20 Uy 20 D4y 20 ke 20 e 20 Sy 20
s 20 34e 20 iy 20 >4y 20 34020 >4e20 4020 4 20 U4y 20 dipy 20 Dy 20 >4y 20 >k, 20

4027 e O Y 0 34y 20 34020 Y20 e 20 4. 20 e 20 4y 20 4o 20 D4 20 4,20
>4e 20 24e 20 34420 D420 4920 e X0 e 20 4e 20 34920 4q 20 4o 20 4420 54,20
4020 420 408 4317 34020 >4 20 420 i 20 31420 34420 420 >4e 20 4 20

4e 20 420 4920 D420 4320 4420 4420 34420 Y4420 4420 4o 20 >4 20 P4 20
40 20 4420 4,20 4,20 Y4320 4020 4y 20 420 4o 20 Uy 20 >4 20 4420 4. 20
pa 20 34920 4o 20 U 20 Y4.20 e 20 Y4920 e 20 420 4o 20 4y 20 420 ¥4 20
e 20 40 20 4,20 4,20 4020 34,20 420 4,20 4y 20 iy 20 4o 20 >4 20 4, 20
34,20 4o 20 Mo 20 3420 4,20 4,20 4,20 Y420 34 20 4y 20 4o 20 4o 20 3L, 20
3, 20 34 20 4420 34,20 >4 20 420 Y4320 3420 4 20 4y 20 Y4 20 4o 20 4 20

4e 20 4y 20 >4 20 34q 20 34420 Mo 20 YU 20 Y4420 4y 20 M4y 20 Uy 20 Y4y 20 4,20



283.

pF at 24 in, (Non=irrigated plots) - Contimued

¥ay

June

July Aug, 3ept,

18

3 10 2y

b

9 1%

2 12 9 8

Mo 20 Mg 20 410 24,20 20 3,05 3,06 3,06 3,05 <2,90 <2,90
Myo 20 2o 20 4 20 4 20 >4, 20 20 3,0 2,90 2,9 2,90 2,90

Wie 20 e 20 24, 20 34,20

L 18

309 35,07 2,90 2,90 2,90 <@,9%0

iy 20 24, 20 4 20 34, 0
e 20 My 20 34, 20 4 0
e 20 MNpu 20 24, 20 4 0

Je2d

3623
4,08

3,00 2,90 2,97 <2,90 2,950 2,90
300 2,9 2,97 3.01 2,90 2,90
3,06 3,01 3,06 2,90 €2,90 <2,90

iy 20 4o 20 D4, 20 Wy 20
Py 20 24 20 D4y 20 ¥y 20
%4420 4920 ¥ 20 M 0

<2, 90
2,99
e X0

3.00 2,9 ,90 <2,90 2,90 <2,9%
3.05 3,01 @,90 <2,90 €,90 <,90
3,05 €2,90 2,90 3,05 .90 €,9%

2y 20 M4y 20 Dhy 20 34y 20
iy 20 Sy 20 4y 20 P4y 20
Ny 20 iy 20 o 20 ¥y 20

>4, 20
407
>4, 20

2,9% 2,95
3.03 3,01
2,9h 2.9

3.05 <2,90 <2,90 2,90
5,08 2,94 2,90 2,90
2,9 2,90 <2,90 <2,90

Yo 20 Dby 20 Wy 20 3 20
Nie 20 N 20 Ny 20 4, 0
Yo 20 Yo 20 >4, 20 4 0

3.02
3.03
299

2,97 .5
3.05 @,90
2,97 2.5

3.06 2,90 2,90 <,9%
3.06 2,9 2,90 <2,90
3.06 <2,90 <2,90 <2,90

2 T1

3,03 2,90

295 2,5h°
2, 9

3.52 2,90 @,%

3.00 2,90 2,90 <2,90
5»00 <2,90 2,90 2,90
2. 9% 2,90 2,90 2,9

FEFEEF
-3-3-3-1-1-
FEFFEF
-3-3-3-1.1-
FEFEE
3-3--2-1-

PRARRAL
88B8BEBE
BAPRRAR
888B8YY

20 N 20 Ma20 MWe D 3,38 299 29 299 <290 2,90 <%0



28,

pF at 24 in, (lion~irrigated plots) - Contimued

Oct.

Hov,

Dec, Jan, 1956

14

18 21

25

15

25

6 13 20 3 10

2,95
Je12

<2, 90

2,98
3,12
2,96

3e13 3.20
3.01 3.12
3.07 3.16

3. 60
3.12
337

3.87
3. 60
415

b5
4,00
409

Lo 17 244 20 24y 20 4420 54420 >4, 20

k07
4e13

I 15 34320 >4y 20 314y 20 >y 20
4o 18 34420 34,20 54,20 >4, 20

<2,90
<2, 90
<2, 30

2,96
2.96

<2,90

296 <2,90
3.02 3,15
2,96 <2,90

2,96
3.07
2,96

Je23
e 31
3,07

3.91
30 He
3 51

412
410
3¢ 91

le 18 31y 20 >4, 20 >4y 20 iy 20
4409 3ly 20 354y 20 34,20 >4, 20
3,97 >4 20 ly 20 34y 20 >4, 20

<2, 90
<2,90
<2, 90

2,96
2,96
3.05

3+15 3.15
3.07 3.09
3623 3¢ 3%

3¢39
3e 24
3. 6

3.98
3,69
3493

4o Ok
Se I
4y 02

4 11
4,08
>4, 20

410 4,20 34,20 4,20 >4, 20
LeOhh 413 4,20 54,20 >4, 20
13 420 4420 31,20 4,20

<2, 90
3602

3453
299
3.58

3e72 3,91
3052 3.56
e 3,97

4,09
365
4e 10

118
3.
410

349 20 24420 34420 4020 3420 54,20 34,20
3681 3,89 3,97 4,08 >4,20 34,20 54,20
4e15 420 34 20 %4420 344 20 420 >4, 20

<2, 90
2,90
<2,90

3o lids
3¢23
3,62

3.75 406
3¢25 3.35
3.80 4,06

>l 20
3¢ 51
e 20

15
3.88
44 20

34y 20 34420 4o 20 >4y 20 ¥4y 20 34y 20 >4, 20
4y09 Uy 18 34,20 >4y 20 4y 20 >4y 20 >4, 20
34y 20 Y4y 20 3420 iy 20 Shy 20 >4y 20 iy 20

2,96
3409
3.12

3.09
Se 42
337

3022 34354
3.71 3.69
3.60 3.89

36 90
3. 72
413

4,08
3.82
K15

be13 420 4316 >4,20 34,20 4,20 4. 20
3693 413 418 >/,20 34,20 31520 34,20
419 Sls 20 4420 24 20 >Uy 20 34,20 4,20

295

<2, 90
<2, 90
<2, 90

3.09

2,98

2,96
353
Selds
3437

3.07 3,16
2,96 <2,90
3615 3415
3672 3491
3673 406
3.60 3,69

337
2,96
339
4,09
Sl 20
3490

3.87
3,23
3.93
e 10
415
4,08

4,09 413 418 31520 34,20 4,20 4,20

3e N
4,02

4,10
4 11

409 34920 4,20 4920 >4y 20
4 10 3420 54,20 >4y 20 4, 20

415 it 20 2U4e20 34, 20 iy 20 Sl 20 Sl 20
4y 20 She 20 Yo 20 34y 20 34e 20 4y 20 34,20
he13 420 Ly18 34,20 31y 20 >4y 20 My 20

<2,90

3.18

3438 3.43

3,65

4,01

4 11

4e17

4o 18 349 20 >4 20 4420 >4, 20



285,

Values of pF at depth of 36 in,

(Non=Irrigated Flots)

Repli- .
Flot cate Mov, 1954 Dec, Jan, 1955

22 26 7 14 21 28 i 11 18 25

a <290 2,90 <2,90 <2,90 403 4Ok 4,06 54920 54,20 24,20

c b 2,96 2,97 2,97 3418 3099 U4e10 34,20 4,20 >4y 20 >4y 20
c <290 <2,90 <2,90 <2,90 <2,90 2,98 34420 >4 20 4420 4y 20

a 2,96 3,01 3,03 3.10 3419 3,19 1,09 34420 4420 4 20

E b €2,90 2,90 <2,90 3,00 3.89 4420 34,20 3420 34420 4, 20
o €2,90 2,90 <2,90 <2,90 4,08 N 20 34,20 3,70 24,20 420

a <290 3,01 297 2,99 3,01 3.52 L4eOB 2,09 4,10 4,18

R b 3403 2,90 2,90 €2,90 2,92 2,93 3,07 3,73 L4eOb U413
o 2,90 <2,90 <2,90 2,90 3,04 3,57 U405 he15 2420 4,18

a 2,96 2,97 2,97 3.01 3,01 3,15 3,26 3,60 3. 7% 3,98

I b 2,96 3,03 3,03 3,12 3,09 3,42 3,69 U419 34,20 4,20
o 2,96 3,03 2,90 2,92 3. 3.75 4eOB 4,13 U413 Le19

a <2,90 2,97 2,97 3.00 3.04 3.%% 3,22 3,91 4,18 >4, 20

K b 3,00 3,09 297 305 2,90 2,98 3,01 2,9, 3,09 3,28
c 2,96 3,03 297 3.19 3.37 3,59 4918 54, 20 %420 >4, 20

a <2, 90 2,90 <2,90 €2,90 <2,90 2,93 3,93 4,05 4,08 4,06

L b <2,90 «2,90 <2,90 <2,90 <2,90 2,98 4,10 34,20 >4, 20 >4, 20
c 2.96 2,97 2,90 2,92 2,98 3,51 1400 4,15 4,20 3,83

Representative FPlot values (median of 3 replicates)

c <2,930 @2,90 2,90 2,90 3,99 4.0k 34320 34,20 >4, 20 ¥4 20
B <2,90 2,90 2,90 3,00 3,89 4,20 >4, 20 >4,20 4,20 4, 20
P 2,90 2,90 2,90 2,90 3,01 3,52 4,05 4,09 4,10 4,18
I 2,96 3,03 297 3.01 3,09 3.42 3,69 U4y13 U413 4e19
L <290 <2,90 2,90 <2,90 <2,90 2,98 4,00 U415 420 14,06

Represantative ireatment Values (median of 6 Plot medians)

<290 2,90 290 2,95 3.07 3.47 403 Uik U419 4,20



286.

pF at 36 in, (llon=irrigated plots) - Contimed

Feb, Mar, Apr,

1 8 15 22 1 8 15 22 30 5 12 19 26

>4 20 24320 20 49 20 349 20 >U4q 20 34420 4y 20 34y 20 4y 20 344 20 >4y 20 >4e 20
>0 20 34,20 34,20 34420 34420 4,20 4420 4420 Uy 20 >4y 20 >4, 20 >4, 20 >4, 20
>4 20 34920 34320 34420 >4y 20 U4y 20 34420 34420 >4y 20 >4, 20 U, 20 34420 >4, 20

She 20 Uy 20 4,20 D420 34,20 34,20 4,20 Mo 20 344320 P4 20 4,20 34420 34, 20
24020 34420 Ny 20 34y 20 420 4y 20 34,20 34,20 >4, 20 >, 20 e 20 34,20 >4, 20
e 20 e 20 34920 >4y 20 34,20 4y 20 34y 20 420 4y 20 >4, 20 >4e 20 54420 34,20

>y 20 4y 20 >4y 20 iy 20 34y 20 >y 20 4y 20 4y 20 >ha 20 >4y 20 4y 20 >4 20 4. 20
>0 20 24y 20 >4y 20 >4 20 4y 20 4o 20 4y 20 4o 20 420 >4y 20 4y 20 >4 20 i 20
e 20 >4y 20 4y 20 34020 34a 20 4y 20 W4y 20 >4u 20 >4y 20 4 20 34020 Sy 20 >4 20

409 34,20 3420 34, 20 >4. 20 54,20 34420 >4, 20 54,20 iy 0 34420 4,20 54,20
>4 20 34320 4320 34320 >4y 20 4,20 34,20 4,20 >4, 20 >4, 20 iy 20 >4y 20 >4, 20
e 20 34320 34 20 34,20 420 420 34,20 >4y 20 4,20 4, 20 B4y 20 34,20 >, 20

24920 34320 31520 >4y 20 4y 20 4y 20 4920 34,20 >4e 20 4,20 54q20 54,20 >4, 20
3651 3,82 3,90 3.9 4,08 14415 34,20 54,20 >4, 20 My 20 %o 20 34,20 54,20
115 24020 516 4,20 54,20 54,20 >4, 20 >4, 20 >4 20 4y 20 34, 20 24,20 34,20

408 3420 4420 34320 34,20 34,20 >4y 20 >4y 20 4020 4420 4y 20 34420 >4, 20
>4e 20 34,20 34,20 34,20 >4y 20 4y 20 4,20 >4, 20 >4, 20 4920 3420 M4 20 >4, 20
>4e 20 34420 4320 3y 20 4y 20 34420 4y 20 iy 20 >4, 20 44 20 24,20 34,20 4,20

>h4e 20 34, 20 34420 4020 34420 >4y 20 4y 20 DUy 20 D4y 20 >4, 20 3lq 20 34420 >4, 20
24020 34020 U4y 20 34020 3420 4y 20 ¥4y 20 314,20 34,20 5., 20 e 20 420 4y 20
4320 4,20 34,20 34, 20 34y 20 >4, 20 >4y 20 My 20 >4, 20 3y 20 34420 >4y 20 34, 20
24020 >4y 20 34,20 4y 20 34320 4420 4y 20 34,20 >4, 20 >4, 20 e 20 3420 %4, 20
be15 U420 4,16 4420 34,20 420 54,20 >4y 20 54, 20 e 20 34,20 >4y 20 >4, 20
240 20 34320 34320 314420 34y 20 iy 20 34y 20 U4y 20 >4y 20 >4, 20 She 20 >U4e 20 >4, 20

>4 20 314320 e 20 e 20 DU 20 ke 20 54420 >4, 20 >4, 20 e 20 34420 34420 34,20



287.

pF at 36 in, (Non-irrigated plots) - Contimied

May

June

Juy ‘fug. Sept,

10 18

2%

31 9

14

28 12 9 8

>4 20
e X0
Sl 20

24020 24420 34420 4,20 >4y 20 34,20 <2,90 <2,90 <2,90 <2,90
24e 20 34420 >4y 20 34,20 3,01

34 20 4 20

>4, 20

N 20 4313

SeUk 2,90 2,90 <2,90 <2,90

3.98

R0 3,03 €290 <290

1420
>4, 20
>, 20

e 20 4,20
e 20 >4, 20
65420 4413

e 20
4, 20
>4 20

409 3,30
3e2s 3,04
412 3420

329

<230 3,00 <2,90 <2,90

30 2,90 <2,90 <2,90 <2,90
20 3,05 <2,90 <2,90 <2,90

e 20
e 20
e 0

>4 20
e 20
>4 20

>4, 20
44 20
>l 20

>4, 20
> 20
>4 20

<290 2,95
>4 20 >4, 20
4020 >4y 20

2,98
>l 20
17

295 3.,0C 2,90 <2,90
3407 €2,90 <2,90 <2,90
2,90 3,02 <2,90 2,90

\’5&. 20
>l 20
4y 20

>, 20
Sy 20

vy 20
4o 20
>4 20

%4, 20
>4, 20
>y 20

24420 4 20
20 3,07
4,20 4419

>, 20
3,01
3¢ 91

3603 €2,90 <2,90 <2,90
3,07 3,01 <2,90 <2,90
2,94 <2,90 <2,90 <2,90

e 20
>4, 20
i X0

>4, 20
>l 20
Sy 20

Sy 20
4 11
¥4 20

S, 20
>4 20
244 20

e 20 3,04
4e 15 34,20
420 34,20

201
>4, 20
>4y 20

3006 <2,90 «2,90 <2,90
3.06 2,90 <2,90 <2,90
<230 <290 <2,90 <2,90

>y 20
4, 20
>4, 20

Sy 20
>4 20
>4, 20

>4y 20
>4, 20
Sy 20

>4y 20
Y 20
>y 20

e 20 €2,90
% 20 4,20
>4, 20 <2,90

2.95
4o 11
292

3601 <2,90 <2,90 <2,90
3.01 35,02 2,90 <2,90
<290 2,92 «2,90 2,90

e 0
44 20
>4, 20
>4y 20
>, 20
e 20

>4, 20
> 20
>4 20
420 ¥4, 20
24 20 34, 20
>4e 20 >y 20

>4 20
4, 20
¥4, 20

e 20
%, 20
4 20
e 20
4y 20
44 20

%420 Lo13
409 3,30
4,20 2o 20
e 20 L4y 19
e 20 4, 0
>he 20 2,90

3. 98
Je 23
4e 17
3. 91
>4 20
2,95

<290 <290 <2,90 <2,90
2,90 €2,90 2,90 <2,90
235 3,00 «2,90 <2,90
2603 <2,90 <2,90 <2,90
3,06 <2,90 2,90 <2,90
3,01 2,92 <2,90 2,90

>4, 20 >4, 20

>, 20

2,20 416

3,95

2,98 <2,90 <2,90 ,%



Al
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283,

at 36 in, (Non-irrigated nlots) - Contiimed

Cot,

Nov,

Dece

Jan, 1556

18

5 25

6 13

20 3 10

2,96
3.09

<2,90
313
2,90 2,96

3.12
3.1
3.07

Je32
3.16

Je 11

3.76
337
3.01

397
3.87
3e23

%05
403
3.38

403
397
30 6l

WO 4ot
o1l 4e10
3088 410

34 20 4,20 4, 20
3 0 34 20 >4 X0
>y 20 D4e 20 >4, 20

<2, 90 3,09
<2, 90 <2, 90
2,90 2,98

312

307
302

Je12
Se 14t
3.07

3.20
3.40

Sele?
3012
3.98

Se I 409
3093 LeaOf
403 4 20

le 18 4y 20
410 1418
413 34y 20

iy 20 >y 20 >4, 20
s 20 Mo 20 >4, 20
She 20 >4 20 34420

<290 2,95
3,02 3419
2,90 <%0

3.09
3,17
2,96

5.12
30 17
2,90

3e31
3,15
2.9k

3.01
Je 59
3025

3.87 4,01
350 405
3.9 4,06

309 U410
16 4,09
k13 419

20
>l 20
>4, 20

e 20 >4y 20
4o 0 iy 20
e 20 >4 20

30 29
3. 22
Se 2

e &5
3.28
3436

3,58
B

509
. 56
3466

4e 10
3.86
393

Le17 > 20
3.99 408
403 416

MW 20 4,20
Le 10 U4e 18
>4e 20 44220

>4 20
>l 20
>4, 20

e 20
4y 20
>4 20

4 20
>4 20
>4 20

3. 11
3404
3.09

b O
2,96
3,12

3009
3.01

el

Je 51
3¢05
3026

4,02
3.19
3.68

4e 18 >4y 20
3.69 4,01
3,93 U407

e 20 344 20
403 4,18
4e1d 54,20

>lie 20
>4, 20
%, 0

iy 20
i, 20
>y 20

N 20
%4 20
>4 20

<290
3.09
2,94

2,98
3e12
317

S0 1k
3.16
3423

3.76
3429
3. 77

402
3677
405

4Ly05 419
3,920 4,20
e 12 >4, 20

4e 18 >l 20
4920 -4, 20
4,18 >4, 20

>4 20
3y 20
>4y 20

>4, 20
>4, 20
>4, 20

>4, 20
>4y 20
24e 20

2,96
298
295
32
509
2,98

298

3411
3.07
3409
3¢36
3012
3412

3.12

3416
3012
3012
by

3009
3.16

3¢ 1

Je37
36 2
315
3.66
3,26
3.76

3.32

3.87
Skl
3,68

3.93
3.68
Lo 02

5.88

05
409
405

3.97

3.87
4,03 4,16
3,93 4,07
412 >4, 20

3.96 4,08

4e 01 4,10
be1d e 0
4e 13 K10
34920 %4y 20
4ol 34,20
418 24,20

$13 220

>4 20
>4 20
>4y 20
Sy 20
>4y 20
>4 20

>he X0
> 20
>4 0
>4 20
>4 20
3y 20

e 20
>4e 20
>y 20
>4 20
>4 20
4 20

N 20 34,20 >4, 20



269.

Values of pF at depth of 48 in,

(Non=Irrigated tlots)

Plot

Repli-
cate

Nove. 1954 Dea,

Jan, 1955

22 26 7 14 21

- :] 4

11

18

25

oy

<2, 90 <2,90 €2,90 2,90 <2,90 3,51 »4: 20 >4, 20 34520 4,20
3,85 3.93 402
3022 3475 399

2,96 2,96 2,97 295 297
<2,90 <2,90 <2,90 <2,90 <2, 90

290 2,99
<%0 3,05

aop

€290 2,90 2,90 293 297
<2,90 2,90 2,90 2,98 3,11
<2,90 <2,90 2,90 2,90 2,97

3,00 <, 90
3.52 4413
3.10 3.9

he09 407 405
e 20 She 20 >4, 20
2,94 419 U420

oo

<2,90 <2,90 <2,90 <2,90 <2, 50
<2,90 <2,90 <2,90 <2,90 <2, 90
<2,90 <2,90 <2,90 <2,90 2,92

2,98 >4, 20
291 3.1
2,92 2,90

Yo 20 %4420 4, 20

3.68
3.90

3.70
3.91

3o Th
4o Ok

oo

2,96
2,96
2,96

2,96 2,97
2,96 2,97
2,96 <2,90

2,98 <2,90
3,00 3,03
295 297

339 .24
Sek5 <2,90
3647 3.78

405
3. 61
403

401
3e 72
4 00

4,03
3. 95
407

ouvp

2,96
2,96
2,96

3,03 2.97
3,03 297
2,96 2,97

297 2,97
2,97 2,90
2,97 297

3,00 3,08
3.51 3,88
3.10 3,05

3.05
3¢
3.17

3015
3.98
317

3. B
4 Oh
36 21

oo»

<2,90 <2, 90 <2, 90 <2,90 <2, 90
<2, 90 <2,90 <2,90 <2, 90 <2,90
2,96 <2,90 2,90 <2,90 <2,90

<90 3,79
291 378
2,90 <2,90

3.91
3o S
<2, 90

3¢ 91
3.97
3.08

395
Je 99
3400

R Q

Representative Plot Values (median

2,90 <2,90 <2, 90 <2,90 <2, 90
290 2,90 2,90 2,95 2,97
<2,90 <2,90 <2,90 <2,90 <2, 90
2,96 2,96 2,97 2,98 2.97
2,96 3,03 297 297 2.97
<2,90 <2, 90 <2, 90 «<2,90 <2,90

of 3 replicates)

2,90
3.10
292
3¢39
3. 10
290

3.05
3. 91
3¢ 11
Se 21
3.08
3.78

3.85
I O3
3.90
4o 03
3.7
3¢ 91

3.75
he 19
3. 91
4,00
3. 17
3eN

4,02
420
4 Ol
403
3¢ 84
395

Representative Treatment Values (median of 6 Plot medians)
2,90 <2,90 <2,90 2,91 2,93 3,02 3,16 3.91 3.91

b 03



290,

pF at 48 in, (Non-irrigated plots) - Continued

Feb,

Mar, ADX,

(]

8 15

22 1 8 15 22 30 5 12 19 26

Py 20 Dl 20 iy 20 U420 420 34,20 D420 4918 D4e20 U4y 20 DUy 20 49 20 >4 0

be19
be13

>4 20 24y 20
34e 20 44 20

Sl 20 3U4e 20 420 P4e 20 44 20 34 20 34420 344 20 4, 20 >4, 20
34e 20 Phe 20 S4e 20 54920 d4e 20 iy 20 34 20 D4 20 >4 20 >4, 20

4,10
She 20
>4, 20

34,20 4,18
>4y 20 >4, 20
>4y 20 34y 20

Le18 3420 3420 3Ly 20 >ipe 20 4o 20 S4u 20 4920 4420 34, 20
3040 20 e 20 M4e20 P4y 20 Lo D4y 20 34y 20 4y 20 e 20 My 20
Plpe 20 She 20 he 20 4y 20 P4e 20 P4e 20 P4y 20 4y 20 4, 20 >4, 20

>4, 20
3.80
4 05

Sy 20 34 20
4,00 4,01
413 408

e 20 >4e 20 4e 20 P4e 20 Y420 >4y 20 My 20 DUy 20 4,20 >4, 20
406 Uy 20 d4e20 5k 20 3420 4. 20 e 20 4420 ¥U4e 20 >4 20
Le11 U155 3420 4920 4e 20 U4y 20 >4, 20 34420 40 20 >4 20

4,03
407
418

4,10 4,1
bt 4,09
>4y 20 4o 20

1o12 54020 420 3l 20 iy 20 >h4e20 k4o 20 by 20 >l 20 >4y 20
112 515 4e17 417 24920 U418 >4y 20 514020 >4e 20 >4y 20
>l 20 >y 20 >isu 20 >y 20 Sliy 20 >y 20 ke 20 >lo 20 >he 20 ko 20

407
b3
333

e 20 412
L,15 412
3,60 3.60

4420 4,18 24,20 >4, 20 U4y 20 >4 20 >4y 20 >4y 20 4420 >4, 20
418 34320 14420 >4 20 >0 20 >4420 34320 >4e 20 >4, 20 4, 20
3672 3685 3492 3295 3099 4020 U408 %420 L4e13 >4 20

3491
3.93
3,01

3.96 3.93
be Ok 4,05
3.06 3,11

3,99 L4902 406 U409 U099 Uil 419 4,20 4,20 >4, 20
4o 07 4020 4420 4420 420 e 20 4, 20 24,20 4020 M, 20
3,90 LeOb U4a02 Me20 4e05 4405 L4O07 4,07 406 4,05

419
Sl 20
L. 05
4,07
4,03
391

Sly 20 >4 20
e 20 >4, 20
4,13 4,08
Lelly L4odd
L15 Le12
3,96 3,93

34y 20 She 20 Mpa 20 Wi 20 420 >4 20 34,20 4,20 4,20 4,20
i 20 dlie 20 e 20 4e 20 4020 i 20 34y 20 >4e 20 4,20 34 20
4eo11 S4e 20 4920 4 20 4420 U4y 20 34920 4o 20 4 20 Mo 20
412 4,20 L4e20 4,20 D4e 20 U4 20 >4 20 >4y 20 4,20 ¥4, 20
he18 418 U420 54,20 >4 20 4320 4,20 4420 4420 4o 20
3,99 U4eOh 4,06 4,20 409 Lol 419 D420 24,20 34, 20

4,06

be15 Le12

—— P, —-

4e15 34520 54420 4,20 >4y 20 54420 420 e 20 340 20 34, 20



291,

oF at 48 in, (Noneirrigated nlots) = Continied

May June July Aug.  Sept.

3 40 18 2 31 9 4 28 12 9 8

Py 20 Yt 20 >y 20 4y 20 420 420 4,20 2,90 3,06 <2,90 <2,90
%49 20 34 20 YUy 20 e 20 34,20 >4 20 >4, 20 <2,90 <2,90 <2,90 <2,90
4920 4y 20 P4 20 4,20 34,20 4y 20 4,20 3,02 2,9 <2,90 <2,90

4020 4920 4y 20 Mo 20 U413 420 3420 U418 4,05 <2,90 <2,90
24020 Pi4e20 34320 4020 1y OB 34420 >4, 20 <2,90 <2,90 <2,90 <2,90
4020 4020 3420 20 3428 420 34420 <2,90 <2,90 2,90 <2,90

e 20 34y 20 >4y 20 4320 3420 420 4y 19 €2,90 3,01 <2,90 <2,90
4020 Yy 20 34420 34420 4320 420 4e19 3,07 2,9 <2,90 <2,90
420 34,20 4920 4y 20 e 20 34,20 420 <2,30 3,01 <2,90 <2,90

e 20 4920 4420 4,20 e 20 34,20 M, 20 3,02 <2,90 <2,90 <2,90
>4y 20 >4y 20 P4e20 420 3,85 24y 20 24,20 3,07 3,01 <2,90 <2,90
o 20 4o 20 4o 20 P4y 20 4920 4,20 34,20 2,98 <2,90 <2,90 2,90

e 0 343 20 e 20 34420 e 20 >4y 20 34,20 3,07 2,90 2,90 <2,90
iy 20 4,20 34y 20 3420 4,20 2,92 <2,90 3,01 2,94 <2,90 <2,90
416 34020 4e18 U415 U100 U415 U1l <2,90 2,92 <2,90 <2,90

40 20 Y4s 20 34 20 420 24020 4o 20 4y 20 3,36 2,94 <2,90 <2,90
e 20 Y4y 20 P44 20 ¥4, 20 P20 4o 20 Y420 3,01 2,90 €2,90 <2,90
he10 4T 409 407 L4e09 4010 4,06 <290 <2,90 <2,90 <2,90

e 20 DUyq 20 Dliy 20 M4y 20 My 20 >4y 20 DUy 20 e 20 2,9k <2,90 <2, 90
e 20 34,20 4y 20 4y 20 4408 34,20 >4, 20 <2,90 <2,90 <2,90 <2,90
o 20 3420 3 20 4320 e 20 3420 419 <2,90 3,01 <2,90 <2, 90
Sy 20 iy 20 >4y 20 e 20 M4e 20 D420 W 20 3,02 <2,90 <2,90 <2,90
4,20 2420 420 D420 20 415 4ol 3,01 2,92 <2,90 2,90
P4y 20 iy 20 4o 20 >4e20 4y 20 4, 20 4,20 3,01 <2,90 <2,90 <2, 90

e 20 4y 20 349 20 34320 4320 34,20 24y 20 2,95 2,91 <2,90 <2,90



292,

pF at 48 in, (Irrigated plcts) = Contimed

Oct.

Nov,

Dec, Jan, 1956

5 1 18 21 25 1

15

25

6

13 20 3 10

3.03 2,96 2,96 <2,90 €2,90 <2,90
2,90 3,07 296 299 <90 <90
<2,90 <2,90 2,96 <290 <2,90 <2,90

3, 22
3e23
3035

3e 12
3.58
3466

3483
3«73
3064

3:97 13 3420 >4, 20
3.8 LOly 415 >4 20
386 3,99 Ue16 420

<290 2,90 2,96 <290 L0 2P
2,90 2,90 2,90 <2,90 3,11 3,67
@90 <2,90 <290 2,0 315 3,17

3¢ 20
3.89
3430

3. 68
%05
375

3T
4,05
3¢90

3696 115 Uel12 3420
415 e 20 34,20 >4, 20
403 34920 >4 20 >l 20

20 2,96 2,96 3.0k 3.05 3.25
<,90 3,07 2,96 3,02 3.16 3,55
29, 3,05 3.05 3,07 3.21 3.33

e 53
3. 85
3.80

30 S
4,08
3¢95

4 03
3¢95
4,00

o Up >4 20 244 20 >4 20

4e13 20 34020 >4, 20

4e O7 be17 20 24,20

3,01 3,22 3,19 3.35 3.72 3,87
2,90 3,12 <290 3,06 3,05 3423
3,00 €2,90 3,06 2,90 2,96 3,16

S0 I
383
339

05
4o Ol
3¢ 13

s 06
397
3.82

1o 12 g 20 244 20 349 20
b4e15 Mie 20 34420 4,20
3499 d4e 20 4320 4, 20

2,90 2,98 2,90 <2,90 3,03 3.47
2,90 3,05 2,96 3,05 3,06 3.09
2,90 296 2,90 2,96 2,96 2,96

e 72
309
3,06

3.86
a1l
3013

3.85
3. 20
3,08

3098 >4 20 Mo 20 3, 20
3625 e 20 4,01 34,20
302 pe20 108 34420

2,97 3.50 3.56 3472 394 U4eOb
<2,90 3,08 3,12 3,24 3.25 J.22
2,90 2,96 3,02 3,02 318 3.55

408 4, 20

3.59
30

3.78
395

415
3.86
30 S

e 20 e 20 24 20 34 20

309 4405 420 3420
L 09 4,20 e 20 4, 20

@90 2,96 2,96 <2,90 <2,90 <2, 90
2,90 2,90 2,90 <2,90 3.11 3,17
<2,90 3,05 2,96 3.0 3.16 3,33
3,00 3,12 3,06 3,06 3,05 3.25
2,90 2,98 <290 2,96 3,03 3,09
2,90 3.08 3,12 342 3.25 3.55

30 23
3¢ 50
3.80
3.83
209
3.9

3. 66
375
J¢95
4. O}
313
30 95

3.7
3¢ 90
4,00
30 97
3.20
Se e

3,86 LaOh U416 420
4y 03 iy 20 514 20 34, 0
B3 Mie20 >y 20 4,20
Ue 12 Mg 20 DUy 20 >4, 20
3425 e 20 4,08 4 X
4e09 Ny 20 D4e 20 34y 20

<2,90 3,01 2,96 300 3,08 3,2

b )

3.85

3.92

5o 06 31y 20 iy 20 e 20



293.

Values of pF at depth of 60 in,

(Non=Irrigated Plots)

Repli=
Flot cate Nov, 1954 Dec, Jan, 1955

22 26 7 14 21 28 'S 11 18 25

a <2,90 <2,90 2,90 <2,90 <2,90 2,92 <2,90 3,71 3,72 3,69

Cc k) 296 2,96 2,97 3,01 3.01 315 2,99 3,33 3,28 3. 20
c 2,90 <2,90 2,90 €2.90 <2,90 2,93 <2, % 2,92 2,99 2,99

a €290 €2,%0 <2.90 2.91 3,03 412 €2,90 2,99 2,99 <2,90

E b 2,90 2,90 2,90 <2,90 <2,90 2,91 2,90 3,02 3,30 3.49
e <2, 90 <2,90 2,90 <2,90 <2,90 <2,90 <2,90 <2,90 3,60 3,76

a <2,90 €2,90 2,90 <2,90 <2,90 <2,90 3,61 3,86 3,88 4,00

F b 2,90 <2,90 <2,90 2,90 2,90 3,12 2,99 @,90 <,90 3,86
c 4beO0 3,97 4,02 3,15 4,00 3,62 3,93 U410 4,20 >4, 20

8 2,96 2,96 2,97 3,15 <2,90 <2,90 2,99 2,99 3,10 2,99

I b 2,96 2,96 3,03 3,29 3,09 3,12 <2,90 3,05 3.05 3.36
¢ 2,96 2,96 2,90 2,90 2,97 2,97 <2,90 2,95 2,90 3,17

a 2,96 2,90 2,97 2,92 2,97 3,10 3,07 3091 3,97 4,06

K b 2,96 3,03 2,97 3.0k <2,90 2,92 <2,90 2,99 2,92 2,99
c 2,96 2,96 2,97 3,12 <2,90 3,15 3,94 4,05 405 4,06

a <2, 90 2,90 <2,90 <2,90 <2,90 <2,90 <2,90 2,99 <2,90 3,05

L b <2, 90 €2,90 €2,90 2,90 <2,90 3,15 347 3,92 3,93 4,01
c 2,90 2,90 <2,90 <2,90 <2,90 3413 3029 4413 413 4,09

CEARHTEEOQ

<290 2,30 2,90 <2,90 <2, 90
2,90 2,90 <2, % <2,90 <2,90
2,90 2,90 <2,90 <2,90 <2,90
296 2,96 2,97 3,15 2,97
2,96 2,96 2,97 3,04 <2,90
2,90 <2,90 <2,90 <2,9) <2,90

292 <2,90
291 <2,90
3.12 3,61
2,97 <2,90
.10 3,07
Je13 3429

Representative Plot Values (medien of 3 replicates)

3e33
2,99
3.86
2,99
3¢ 91
3¢ 92

3.28
3430
3.80
3.05
297
3093

3. 20
Se49
4,00
3. 17
406
Ot

290 2,90 2,90 <2,90 <2,90

Je04 2,98

3,60 3,55

3. 15



29%.,

pP at 60 in, (Hon~irrigated plots) - Contimued

Mar,

Apr,

1

8 15

2 30 5 12 19 26

34 66
328
3416

319
Se el
392

3.71
3elb
3.96

3.78
3o 64
%, 01

3. 84
3¢9
413

3094 3491
405 3.99
13 ¥ 20

4200 400 4,02 4,03 4,05 4,06
406 4313 5413 L4e15 Le10 U413
417 417 2020 420 4420 4,20

<2, 90
30 64
36 T7

<2, 90
34 76
3.89

3013
3.80
3. 8l

3037
3,84
3.92

3,61

3¢90
3099

3088 >4y 20
4 O4 >4 20
4,01 4,00

3087 3492 3.9 401 3,99 407
418 3420 34420 34420 e 20 >4, 20
beOb U404 4,06 4,10 4,08 415

4,00
4,00
>4, 20

b 14
4, 00
>4 20

he 11
4,02
L 16

>4 20
fe 14
>y 20

>4, 20
iy 0
>4y 20

Sle 20 24,20
4,20 >4, 20
e 20 Y4 0

e 20 24e 20 4e 20 34y 20 4,20 M 20
4920 4,20 34 20 >4y 20 M 20 >4, 20
P4e 20 420 420 3420 34,20 >4, 20

<2, 90
Se Sl
30 51

3468
3e 72
3.1

3.69
3¢5
3 T7

319
4o Gl
403

3«90
3.88

3.85

4L20 3,91
395 4400
3.87 3.86

3,96 3.98 3,99 401 3,93 3.99
4O 4Ol 4,06 4310 411 413
3,86 3.89 3,89 3,91 3.93 3.%

4 06
305

4o 11
373
L 04

b 11
.72
3.9

4o 15
3.86
4,06

JNETR
3¢ 9%
4,08

34e 20 >4 20
20 3.91
4,08 >4, 20

249 20 3o 20 >iq 20 31, 20 o 20 34, 20
3¢99 U402 4oOh 4,07 4,06 4,07
406 4,06 U407 ko0 4,08 415

3e 51

J.92
4,05
415

3.86
399
4,08

3.96
403
4,08

403
4,08
Le 11

406 4. 11
>4, 20 >4, 20
4.18 >4,20

hell 418 4,18 4320 34,20 34 20
Pie 20 e 20 Mo 20 4 20 My 20 4, 20
4e18 4320 4,20 B4 20 34,20 M4, 20

3¢ 19
3,76
Lol
3672

405

3¢ 71

3. 78

J¢93

3.& 3.& j.”
b1l >4, 20 %4, 20

3¢ 73

4,03

3.88

3499 406 4,08

399

403

4,08

405 3,99
401 >4, 20
4420 4, 20
3695 3.9
4e 20 4,20
418 34,20

LhO6 113 U413 4el15 U100 U4et3
LoOl 4,04 4,06 U410 U4OB 4,15
24 20 31y 20 4y 20 Dby 20 4y 20 by 20
3096 3,98 3,99 401 393 3,99
406 4,06 1,07 410 4,08 U415
4e18 220 4,20 i4e 20 34y 20 My 20

3.81

3692

3.90

4.03

L3N

4412 4, 20

406 410 U410 U413 4,09 4,15
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pF at 60 in, (lon=irrigated plots) - Continued

Moy June July Aug, Sept,

3 10 18 2 3 9 14 2 12 9 8

409 e 20 408 4,05 U419 4,07 4,05 4,03 4,00 <2,90 <2,90
215 420 U418 4315 4320 U410 4,10 4,08 3,65 <2,90 <2,90
e 20 D4y 20 g 20 3e 20 Lbe16 3420 Uy 17 20 3,84 <2,90 <2,90

410 4,04 418 Uil 403 4,10 4,20 4,04 3,96 <2,90 <2,90
e20 4320 4,20 o 20 406 4,20 bath 409 3,29 2,90 <2,90
be11 420 415 413 402 420 4ol <2,90 2,99 <2,90 <2,90

34y 20 4 20 34 20 44 20 4320 4y 20 4,20 4, 20 3,93 <2,90 <2,90
P4s 20 4y 20 4420 4y 20 >4y 20 420 4420 34,20 4,19 <2,90 <2, 90
.20 >4 20 4020 34020 24,20 U415 4ulh 3,91 3,98 <2,90 <2,90

4,02 4,05 420 4903 4,03 406 4,03 <2,90 <2,90 <2,90 <2,90
4,910 412 24420 413 4,09 410 4e12 2,96 3,01 <2,90 <2,90
3.97 3.96 3,98 3,99 4420 34420 4, 20 3,04 <2,90 <2,90 <2,90

24320 >4y 20 e 20 3420 4o 20 4020 >4 20 2,90 3,72 <2.90 <2,90
408 4020 4,09 U410 406 410 4,08 2,95 <290 <2.90 <2,90
409 408 409 U410 L3 408 410 <2,90 <2,90 <2.90 <2.90

20 3420 4o 20 4920 Mo 20 34420 4,20 3,29 <2,50 <2,90 <2,90
4o 20 e 20 e 20 343 20 4320 4y 20 3y 20 20 4o 15 <2,90 <2, 90
4o 20 34320 >4 X 4 20 e 20 4,20 34,20 2,95 <2,90 <2,90 <2,90

415 20 418 4315 U419 410 4,10 4,08 3,84 <2,90 <2,90
b1l 4020 4318 Uetlh 403 4420 4ot 4,04 3,29 2,90 <2,90
420 4o 20 420 e 20 4e 20 4y 20 420 4, 20 3,98 <2,90 <2, 90
4e02 54405 34,20 4403 U409 410 4e12 2,96 <2,90 <2,90 <2,90
4,09 34420 409 410 U413 4410 410 2,90 <2,90 2,90 €2,90
She 20 4420 420 4920 34,20 4o 20 20 3,29 <2,90 2,90 <2, 90

betle 4,20 419 415 416 415 4,13 3,67 3,09 <2,90 <2,90
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oF at 60 in, (Non=irrigated nlots) - Contimed

Cct,

Nov,

Dec, Jan, 1856

5 W 18 21 25 1

15

25

6

13

20 3 10

<2,90 <2,90 2,90 <290 <290 3,11
€2,90 3,06 2,90 €290 <90 2,9%
€2, 90 <2, 9C 2 JI0 <20 <290 3.12

3066
e

3. 81
Solih
3o 27

3. 78
3.69
3008

403
3093
3.87

4e09 4a18 34,20
e 12 240 20 >4, 20
1 07 %1420 >4, 20

<290 2,92 <2,90 <90 <90 3,07
€2,90 <2,9C <2,90 <2,90 <2, 90 <2, 90
<2,90 @,90 2,90 90 <90 <290

295
3025

3¢ 06
<2, 30
3. 84

Sel1
e ]
3488

4 06
383
13

15 415 >4 20
415 408 34,20
Le12 4,12 540, 20

2,90 <2,9C <2,90 <2,90 <290 2,94
<2,90 2,90 236 «2,30 2,90 3,05
<2, 90 iy 20 €2,90 408 >4, 20 Uy 13

367
3¢
4o 12

335
3095
Lot

3439
393

4,03
358

4415 4420 34420
419 418 >4, 20

e 12 34420 M 20 34 20 >4 20

<290 395 3,95 3097 hetl 34,20
2,90 3,03 3.1C 3.07 3,09 3.2
€2,90 3,16 3,10 3,12 3,27 3,33

4 18
3,82
4,03

>4 20
412

Dipg 20
3.98
4,08

>14.20
be 11
4, 18

e 20 >4, 20 4, 20
e 17 4420 >4, 20
e 20 34 20 4,20

2,90 3,02 3,05 3,05 3,02 3,22
<2,90 3,05 3,08 3,07 3.07 3,06
<2,90 3,03 3.0€ 3,07 3.07 3.11

399
3o 14
34 50

4y 20
3.68
3.96

%15
383
3. 56

>4y 20
4,06
4,09

34y 20 34,20 4,20
4 20 4 20 M4, 20
24020 34,20 34, 20

2,90 2,9 <290 <290 <290 <20
3,00 3,06 3,05 <290 <90 2,%
@,90 2,52 2,90 2,90 2N 2%

2.92
302
2,92

2,32
3.61
Je 22

<2, 90
3. 38
3. 50

2,92
e 11
3.80

Sl 34320 >4, 20
e 20 P4y 20 34,20
403 420 340, 20

<2,90 €2,90 <2, 90 <2,90 <2,90 3,11
€2,90 €2,9C <2, 90 <2, 9C <290 <2, X
<2,90 2,9C 2,90 2,90 2,9 3,05
2,90 3,16 3,10 3,12 3.27 3,83
<2,90 3,03 3,06 3.07 3,07 3,11
2,90 2,92 Q2,90 @0 2,90 294

3¢ 02
2,95
3¢ 11
403
3¢50
2,99

S0 bide
3.06
335
412
3.96
3023

3469
PR
3093

3496
3¢50

3093
4,06
4o 03
418
%02
3.80

by 02 P4 0 >4, 20
415 4412 >4, 220
he19 34,20 >4, 0
34e 20 4 20 >4, 20
4o 20 24420 >4y 20
403 3420 >4y 20

<2,90 2,91 2,90 «,90 <2,90 3,08

3020

3.70

3.81

I 05

4 17 >4 20 >4, 20
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APPENDIX C
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TABLE 1

Average Moisture Content, Date and Amount of Water Applied (Irrigstion + Rain)

(Irrignted Plot)

Plot B
hverage Moisture Content of Soil® Irrigation ¥ Rain ¥
S replicates
Date of ory" 9%-18" 18"=30" 30%=42" L2%=54L" 5 =66" Date Amount Date Amount
Recording - — : (in.) (in,)
7 % % Fe pA &
Nov. 22, 1954 1344 14,0 26,9 25,7 25,7 21,5 Nov, 22,1954 0, 50
26 123 10.3 22,9 22,2 s 21,5
Deec, 35,1954 | C,270
Dea, 7 8.8 8.3 22,6 22,7 2o 21,5 7 0, 005
9 0, 180
14 1.070
14 11.9 9,2 21,9 22,0 ik 21,5
21 7.8 7.6 21,2 19.1 2o b 20,3 Dec, 21 2,10
25 1,32
2 14,0 14,8 23.1 22,9 3.4 20,3
Jan, 391955 0,050
Jan, 4, 1955 99 9, 1 21,3 17.9 22,8 21,5 Jan, 16.,1955 3-2
11 12,7 1.6 22,5 17.9 24,14 15,4 11 0, 70
13 0, 7%
18 13,6 119 % 22,9 17.9 19.4 16,7
20 1,00
22 0.57
25 13,4 14.3 23,8 19.4 19.3 17.0 25 0, 50
27 O, 45
30 G, 020
3 C.015
Fedb, 1 W s 13,7 25,0 19.4 19,6 16,9 Feb, 1 :.&1} Feb, 1 0,035
_3 .
8 12,8 12,6 21.7 18.4 19,6 16,8
9 1. 565
15 12, ¢ 12,9 21.8 18.3 18,7 16,6 15 0.5
22 %3 8.8 21,2 18, 1 18,2 16.3 22 0, 96
2 0,70

(Contimued -
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TABLE 1 (Cont'd)

3 replicates Reain
Date of o*-9" g"~13* 18%=30" 30%42" L2%a5L" 54"=66" Date fmounrt Date Amourntt
Recording - (in.) (in, )
# pA % o ] jo
Mar, 1, 1955 1507 1‘0‘5 210} 1802 180&- 1603 Var, ; :‘?g
) Mar, 5 0,050
- 19.8 18,0 1
8 13.3 e 6 22,3 9 8. 6.3 10 0.40
g . 0 17. 15, 15 Gu 40
15 3.6 12,8 21,7 20, 7.9 5.7 17 0. 60
21 0, 005
22 1 1.4 21.2 19,6 17.6 15.6 22 0, 39 22 0, 100
W ? 29 0. 55
. . 17.6 1
30 11.2 12,8 21,0 19.4 7 Selds Apr 4 0,015
2 0,010
6 13,6 17.6 1 Apr. 5 1.05
Apr, 5 10,4 12.3 20, b 7 23 P 6 0,010
o4 10, 18,2 17. 15, 12 0, 140
12 9 5 20,5 Tole 3 13 o 550
1 0,330
15 0, 140
18 0,090
19 11,3 10,7 20,6 18,3 17.4 15%.2
£

* Expressed as percentages of oven~-dry soil,

t  appropriate allowancs being mads for runcff,
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Average Moisture Content, Date and Amount of Water Applied (Irrigation + Rain)
(Non=irrigated Plot)

Flot C
Aversge Moisture Content of Soil* < t t
3 licates Irrigation Rain
Date of - i
0" 918" 16%=30" 30%=ly2" L2%=54" 54%=66 Date Date Amount
Recording m (4n. )
5 % % % % @ L
Nov, 22, 1954 1346 16,8 23.7 2649 2ok 21,5 Nov, 22,1954} 0, L0
26 12,6 16,8 23.8 26,5 2o i 24,5 '
Dec, ;'19ﬁ' g.gg
* L] 2108 2606 zh 2105 o
Deo, 7 7.9 9.7 3 5 0. 180
11 1,070
ik Tols 8,7 21,0 25,0 2.3 21,0
21 67 7.5 19.9 21.9 21 20,0
28 6,6 7e5 19.9 20,2 21,8 19,0
; Jan, 3,1955 | 0,050
Jan, &, 1955 66 Tols 19.9 17.8 19. 4 18,0
11 7.5 Toh 19.9 17.7 18,3 16,7 o
Jan, 14,1555
15
16 1,50
18 8.7 9.6 19.9 17.7 17.5 16,7 ;
25 8,2 14,2 19,9 17.7 17. 2 16,8 l
| Jan, 30 0, 020
i 31 0,015
Fed, 1 6.6 Tob 19.9 17.7 12:9 1?; Feb, 1 0,035
8 6 b 19, 17, 9 15,
6 7 9 1.7 9 9 1. 565
15 93 1.3 19.9 17. 7 16,9 15.5 15 0. 57
23 6.2 Tob :9.9 :7; :2..; :‘5::3
Mar, & T4 9.9 7. Yor. 5 0,050
18 2’.2 Toh :9.9 177 :&9 :tg
o X 17.
5 Tode 2.9 7.1 9 2 0. 005
22 2:2 7.5 19.9 17.7 129 :tg 22 0. 100
[ J 1 ® 1 ® 1
30 Ted 9.9 7.7 9 Apr. 1 0.015
¢ 2 0,010
. 6 . 19, 17. 1 1
Apr, 5 6o Toh 9.9 7.7 6.9 6 0,010
12 66 Tobs 19.9 1.7 16,9 e 5 12 0, 140
13 0. 550
14 0, 330
15 0. 140
Apr. 19 8.7 T.h 19,9 12,7 16,9 14, 6 18 0,050

¢ Expressed as percentages of oven-dry soil,

* Appropriate allovance being made for runoff,



The period 1954, Nov,23 to 26
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L
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. Mar,
. Apr.
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301 .

29 to Jan.4,1955 *

27 to Dec,7
8 to LS
15 to 21
22 to 28
5 to 1
12 to 18
19 to 25
26 to Feb, 1
2 to 8
9 to 15
16 to 22
2} to Mer, 1
2 to 8
9 to 15
16 to 22
Bte X
31 to Apr.5
6 to 12

13 to 19

(inolusive) will be referred to as period 1
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- e e ad Wt e e e e
W~ P WD =D
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Table 1

Sumnary of Climatic Conditions

Mesan Dally Values of

Mean Solar Evap~- |Mean Satu- |Mean Dura- Meon Viind
Alr Temperature Radiation tion ration tion of Speed
') (equiv.mm/day) I(Jafidt) &(Buns?im) (mileseday)
Period in, Hra/day
Mean Max, Min, &
T, % (1-‘1./ aay) n U,
1 74.61 82,18 61,03 1.7 0.257 0. 427 11.30 92,48
2 68, 24 78, 69 57.79 10, 52 O, 2l 0, 290 9.36 84, 50
3 69.35 79,67 59.03 9.13 0. 209 0, 348 Te13 102, 64
N 68,80 79. 66 57. 94 14, 61 0. 261 0, 385 10,80 94, 89
5 72,78 82,77 62,19 10, 96 0, 31h 0. 427 9.8, 101,39
6 75: 49 87.77 63, 20 8.95 0. 323 0.516 6. 80 123, 31
7 66425 76, 60 55.89 11.89 0, 257 0. 311 11. 30 86,42
8 77,82 89,70 65. S0 10,13 0,310 o. 8. 7% 85.83 B
9 The 52 86,63 62,41 11,67 0, 340 0,529 11,26 114, 67 .
10 75.18 82,06 68,29 9.87 0. 30k, 0. 405 8.71 125.99
11 77.62 89.27 65.96 10,15 0,325 0. 57k 9. 39 113,69
13 70, 24 79.66 60. 81 10, 37 0 249 0.3M1 10, 4d¢ 85, 31
1 68,46 78, 61 58, 31 10,03 0. 262 0.337 10, 44 108, 56
15 65.47 73.97 56,97 8,02 0, 206 0. 269 7. 76 91.27
16 65,93 .29 56457 8,45 0,197 0, 310 9. Ok 87.52
17 72,82 80, 70 6l 93 6.57 0. 185 O. 4114 6.23 105, 75
18 68,28 76, 34 60, 24 6. 25 0.150 0. 282 6. 25 82,76
19 6358 71.88 55, 28 5¢ 50 0,176 0, 282 5.32 108,07
21 60, 20 66, % 53.46 5. 36 0.133 0, 204 6. 10 85.92
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Table 2

Relation between Water Use, Heen Air Temperature and
Total Awvailable Water

Period Water Use Mean Air Total Availsble
Temperature Watexr
(4n, /day) (°F) (in,)
Z X Y
1 0, 365 71, 61 7.32
2 0,110 68, 2 6o ks
3 0, 164 €9, 35 6,32
& 0, 197 68,80 5. 20
5 0, 234 72. 78 6e 71
6 0.239 75849 4 8l
7 0, 232 66, 25 6o 144
8 o.M 77.82 5.69
9 0,163 The 52 5. 58
10 0. 243 75. 18 4,65
1 0, 257 77.62 255
12 0, 257 77.82 4 67
13 0,171 70, 24 3,50
14 0, 200 68,46 3.97
15 0,143 65.47 5,82
16 0, 143 65.93 4,65
17 0, 143 72,82 Lo kb
18 0.163 68,28 3.84
19 0, 150 63, 58 3,68
20 0. 157 69,96 4, 66
21 0. 100 60, 20 4 36
Analysis of Varignoe
Variation dele Se Se M S, V.R,
Due to Z 20 0,08113
Regression on X and Y 2 0, 04072 0,02036 9,07 XXX

Regression on X alone 1 0,03192 0,03192 14, 22 XX
Additional for Additiom-
al of Y to regression 1 a, 003880 0, 00884 3e92 X
on X alone

Residual about

regression on X and Y 18 0, OLOL1 0, 002245
S.®. I o.047
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Table 3

Relation between Water Use, Irrigation + Rain, and Amount of
Availsble Water Stored i.. the Soil

(Non~Irrigated Plots)

Period Water Use Irrigation + Rain Availasble Water
S in_the soil
(4n, /aay) (in, /day) iin. )
yA X4 Xz
1 0, 275 0.125 6, 10
2 0, 134 0,026 5.49
3 0, 256 0,179 4,30
& 0,097 0, 000 3.70
5 c,110 0, 000 3. 09
6 O, 114 0,007 2,32
7 0, 06l 0, 000 1,57
8 0, 134 0, 214 1.12
9 0,099 0, 000 1,68
10 0, 080 0,010 0,99
11 0,033 0, 000 0,50
12 0,143 0, 224 0.27
13 0.161 0,083 0, 84
14 0,02 0, 000 0, 28
15 0.010 0,007 0,11
16 0, 006 0, 000 0, 10
17 0,016 0,016 0.05
18 0. 000 0, 000 0,05
19 0,010 0, 004 0,05
2 0,019 0,021 0,02
21 0, 099 0. 154 Q, 05
Analysis of Variance
Variation ad.f, Se Se M, S, Y.R.
Due to Z 20 0. 121542
R‘”‘;ﬁ%"“ X 2 0,106815  Q,053408  65.29 XXX
Regression on X{ alone 1 0. 051794 0. 05179 63,32 XX
Additional for Addition-
el of X5 to regression
on X4 ﬁm 1 0, 055021 0, 055021 67. 26 0.0 ¢
Reaidual about 18  0,044717  0,000818

regreasion on X4
X2

and
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Teble 4

Amount of Available Water Stored in the Soil, Irrigation + Rain
and the Total Aveilable Water for Each Period

(Irrigated Plots)

reriod Availsble Irrigation + | Total Avail-
vater Stored Rain sble Water Va 304 x Wa
in the Soil | during per- | during per-
at the be@7 iod iod
ning of the (in,) (in, ) (in./day) | (in, /month)
perdod (in, )
Vs I+R Wa.
1 6,82 0, 50 7632 1.83 55463
2 6,02 0.42 64 Ly 0.59 17. 9%
3 5.07 1.25 6.32 0, 90 27.36
4 5020 0, 00 5. 20 0, 74 22,50
5 4,08 2,63 6. 71 0.96 29,18
6 Le 79 0,05 4, 84 0. 69 21,00
7 3.89 2,52 641 0,92 28,00
8 4y 09 1,60 5. 69 0, 84 2 62
9 h48 1.10 5. 58 0, 80 24 32
10 3. 65 1,00 by 65 0, 66 20,06
11 3.79 1.76 5.55 0.79 24,02
12 3613 1.5, 4,67 0.67 20,37
13 2, 9 0, 60 3¢ Sl 0. 51 15. 50
14 2,07 1.90 3. 97 0,57 17.33
15 3. 62 2,2 5,82 0.83 25,32
16 3,85 0. 80 4 65 0, 66 20, 06
17 3.26 1,20 PN 4 0. 64 19.46
18 3.19 0, 65 3,84 0. 48 1l 60
19 3.38 0.33 3. M 0, 62 18,85
-4 3.56 1.1 467 0,67 20, 57
21 3,10 1.08 4, 18 0, 60 18, 24




Teble 5

Relation between Water Use and Evaporation fram a
Free Water Surface

(Irrigated Plots)
Period Water Use Evpporation Index
(n/aay) | esmrace | M/m T
(in, /day)
i )
1 0, 365 0. 257 237
2 0, 110 O iy Co Tt
3 0, 164 0. 209 1,22
& 0,197 0, 261 1,30
5 0, 234¢ 0, 514 1031
6 0. 239 0, 323 1,31
7 0. 232 0, 257 1451
8 0.271 0, 310 1,53
9 0,163 0, 340 0.86
10 0. 243 0. 304 1.46
11 0.257 0, 325 1.40
12 0, 257 0,139 2,65
13 0.174 0. 249 1. 14
1 0, 200 0. 262 1.28
15 0, 143 0. 206 1.10
16 0, 143 0. 197 1. 14
17 0, 143 0, 185 1.19
18 0,163 0, 150 1.59
19 0,150 0.176 1,30
20 0,157 0. 153 151
21 0, 100 0,133 1,07
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Table 6

Relation between Water Use, and Ewaporation from
& Free Vater Surface

(Nom-Irrigated Plots)
Period Watexr Use Evaporation fyrom Index
a Free Watar Sur- W, 075
(4n, /day) face, (4n. /day) /oy
a By K
1 0. 275 0, 257 .79
2 0, 134 Oy 2o Ce 91
3 0, 254 0, 209 1.93
» 0,097 0, 261 Qe 62
5 0, 110 0, 314 0. 62
6 0. 114 0, 323 063
7 0, 064 0. 257 Oo b
8 O 134 0, 310 0a 76
9 0,099 0, 340 Je 52
10 0,080 0, 304 Oebob
11 0,033 0. 325 Oe 18
12 Qe 143 Q13 1.48
13 0, 161 O, 249 1.07
i 0,02 Q, 262 0. 15
15 Q, 010 Q. 206 0,08
16 Q, 006 Q, 197 (=05
17 0,016 0,185 13
18 0, 000 0, 150 Qe 00
19 0,010 0,176 09
20 0,019 0,153 18
21 0,099 Q133 1,07
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Table 7

Relation between Water Use, Evaporation from a Free Water Surface,
Irrigation + Rain and Amount of Available Water
Stored in the Soil

(Non=Irrigated Plots)
Period Index Irrigntion + Rain Available Water
/g 0.75 Stored in the Soil
(i /day) (in,)
Z X Y
1 1.79 0,125 6. 10
2 0,91 0,026 549
3 1.93 0. 179 4 30
4 0,62 0, 000 3. 70
5 0, 62 0, 000 3.09
6 0,63 0, 007 2,32
7 0,42 0, 000 1.57
8 0,76 0, 214 1.12
9 0,52 0, 000 1,68
10 0, 46 0,010 0, 99
11 0,18 0, 000 0, 50
12 1.48 0, 22 0,27
13 1,07 0, 0814 0. 84
1% 0,15 0, 000 0. 28
15 0,08 0,007 0, 14
16 0,05 0, 000 0, 10
17 0,13 0,016 0,05
18 0,00 0, 000 0,05
19 0,09 0, 00k, 0,05
2 0, 18 0, 021 0,02
21 1.07 Oe 154 .05
Analysis of Variancs
Variation d. f, SeSe M. S, voRo
Regression on
Xand Y 2 5918 2,959 33.3 LXK
Regression on
X alone 1 4, 778 b 778 53.8 XXX
Additional for

regresaion on X alone

Regidual about
regression on X and Y 18 1,600 0, 0889
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Teble 1

Calculations for Colculation of rotentisl ‘ranspiration by Peman's Forrmla
(¥aite Institute)

Period (inclusive) Ta Wet Buld | [y Buld Ta o eq A ! T tl?,,fF n N Us

(°F) (°F) (°F) (°F) (in. Hg) | (dn. Hg) {(An He/OF) |(m/asy) {iirs/day) (Hrs/day) | (miles,
1954, Nov, 23 to Dec, 4 68,7 58.3 69,8 48,0 0, 707 0,336 00 024 14,70 8,99 s 3 92, 7%
15 to 28 70,8 60,4 7249 49,7 0,760 0,358 | 0,026 1495 |10, 2 14 51 96, 00
29 to Jan.%ﬁs 70.7 60, 2 71.6 50,4 0. 757 0, 368 0,026 1493 9. 11 143 105, 60
12 t0 25 752 60,5 75.6 47.1 0, 661 0.325 0,029 15 lids 9 94 14,18 97 s
26 to Feb, 8 7.7 6lhe 1 78,2 53.2 0, 957 0, 408 0,032 15, Th 9.91 13, 81 116,88
9 to 22 73.7 65.7 72,9 60,7 0,838 0, 535 0,028 15,28 7.10 13.36 77,04
23 to Har, 8 67.5 58,3 67.,C 51,9 0, 678 0. 389 0,023 14 57 9,00 12,84 96,72
9 to 30 69, 2 59.7 68.3 52,5 0. 719 0.397 0,025 W77 7.k 12,18 93.60
31 to Apr.19 €5, 2 56.& 65.5 47.8 0, 626 0, 334 0,022 14y 31 6,16 }11.1.4 92,40

2 b e ng =0.16) P fir .- T

(Bquiv, m/day) ° (mm/day)

17.35 10, 22 2,90 0, 67 0, 756 5.28 4,70 3.93

17.73 11,17 3.17 0,67 00 747 5.76 521 L. 98

17,68 10, 45 2,84 0,66 0, 772 5,52 5.38 4,28

17.28 10,87 3.40 0, 67 0, 710 5. 30 7.29 k0

16,58 10, 58 3.17 0.63 0, 700 5. 29 8. 14 4 56

15,67 8.42 2,01 0, 70 0. 742 472 342 3048

14,25 8,356 2,89 0. 66 0, 731 428 3.7 3,08

12, bdy 7.04 254 0, 66 0, 665 3.10 51 2.46

10,48 5.67 2,49 0, 66 0,632 2,05 3.68 | .77




Camparisons of Perman's estimates of cevoporction from open wvater surfuce (o

1.

Table 2

and potential transpiretion (iq) <with eveporation from free
water surface (By) and water use (Wi).

(9 Periods)
( Period | H;, Hr Eg Ep E, Ey Wi WiMo | wiMp | Ep/8g Ep/B Bp/ii | Lol i, A8 Vifia
inclusive
m/day
._,.._.1;.,.,.. PR
1954, Nov. 23 to Dec. 1 6481 {5628 | 6.16{3.93|4e70|6410|4e39 |0l | 0,83 | Q.64 | Cubh | O 101 CoT Ge72 0.93
15 to 28 Tolte [5076 | 6079 [11498[5e21 [7e11!5.49 |07k | 0,95 | 0,73 | 0s7C | 0ot 0s95 | Cacli Q.77 1.05
29 to Jan. 11.495{7409 (552 | 6.59 [4428}5.38!7.37|5.99 | 0.84 1.09 0.65 058 | Q.71 0.89 Ce01 0.81 111
12 to 25 609315030 | 7003 |4¢50!7629|8.13|5¢72 {0483 | 1408 | 0e6h | 0s55 | 079 | 0.86 | C.01 0.70 0.78
26 to Feb, 8 6488 {5029 | 7019 |4e56 {8414 (84131615 [0489 | 1,16 | 0,63 | 0s56 | OeTh | 0483 | 036 | 0,76 0.76
9 to 22 5099 4672 | 5028 |3:48|3:42|5.08]5.77 |0.96 | 1422 | 0466 | 0,69 | 0.60 | 1,00 | 1,07 | 1.14 1,69
23 to Mer. 8 5062 A.ZS 5.02 50% 3e7T2 50&# 373 0066 0.87 0061 0.53 0.83 0.86 Cell O.& C.99
9 to 30 Htms 3010 | hotlh [2.46|6a11 [4o57]3.90 0,95 | 1.27 | 0.59 | CG.5% | 0.62 0,91 0475 | 0,86 0.96
31 to April 19 2e90]2.05 | 3.16 177|368 [4406]3.73 |1.29 1.82 0.56 | Ouk | Oub7 0,76 ) 0.92 1,01
Meen 5698 (459 | 5e71 |366715.08 6271499 |0.87 1ol | 0463 | 0.58 | 0,73 | 0.91 0.90 | 0,81 1,03
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Table 3

Calculations for Caloulation of Potential Transpiration by Pemman's rFocala
(vwaite Institute)

Period* ;Zg;);uab Fx('gﬁ?u].b (g%) | e. o4 A s T¥ 3R Ry (ms L D Iy Ea Ep
‘ inBy) (inHg) | (inig) [mveay) {ere/cay) foeamrasy en L= 18) =)
1 550 | 6941 0.9 |c.683 10,25 |o.c 15,03 |14.18 J17.15 ko7 .67 5,696 15,29  |5.41 400
2 59.0 .6 53,0 | 0,695 | C.4C5 |3.0% [1465 lik3h HT7.4h {575 0. 58 6,808 15,69 13,47 |4&00
3 59.7 5.9 51,0 | 0,724 | 0,376 | 0,025 {1479 |tedb N7.70 (227 Q, 66 D771 1503 (472 |3.84
N 58.4 7C.8 7.0 | 0,709 |o0.32 0,02 [Tl 1451 |17.80 Beb2 0,67 e 755 | 5.87 1496 429
5 61,9 Thels 51,7 | 0.813 | 0,386 | 0,027 |1517 ]ik51 17,80 {300 0, 66 G768 1577 1575 lhol?
€ 62,6 7ol 50,6 | 0,850 | C37h | 0,050 |15.48 (ibb46 {17.75 |2.29 0, 64 0,753 |87 |7.95 |Uob3
7 57.7 6749 48.3 | 0,651 | 0,340 | 0,023 |15 14,37 [17.64 (3L 0, 68 C, 77 | 6.07 |3.77 |418
3 61.3 7.3 46,3 | 0,960 | 0.315 | 0,032 [15.7% {162 1741 13.13 0, 68 0,708  |4.97 [|7.79 |&47
9 60,9 76,1 L7.6 | 0.861 | 0,332 | 0,029 |15.36 |08 [17.11 |3.76 0, 65 D72 {558 |7.75 |4
10 64 6 Tho b 57.4 | 0.881 | 0,476 | 0,029 | 154k [13.89 [1676 1253 0, 64 0,698 |5.37 |63h |4e23
1 63,4 | 76 |51.3 |o95% |0.380 |0.032 |15.72 |13.66 [16.34 [3.16 0. 65 0.707 496 |8.35 | 449
12 ok 7€.7 68,3 0, 960 0, 697 0,032 15, Th 13,45 15,89 [1.29 0,72 0, 777 {457 2.78 3.45
13 60, 1 71.0 50,8 | Ou7hs | 0,373 | 0,025 | 14,87 [135,20 [15.32 [3.42 0,70 702 {488 | %47 |3.64
1 58,4 67.7 5C. 3 0,702 0, 365 Q. 024 14 69 12,95 Wbl |3.47 0,65 n?7 &55 1475 el
15 57.3 65¢ 2 50.1 | 0,633 | 0,36k | 0,022 | 1435 |12.70 [13.,83 |2 €7 0. 67 W70k | 3.75 |3.38 | 266
16 5548 6.3 | 47.6 | 0,642 | 0332 | 0,022 | 1439 {1245 13,13 [3.23 0, 67 lo.682 |351 |37 |60
17 61.5 7% 2 52,8 | 0.813 | 0.402 | 0,027 | 15.17 | 1220 |12.49 [231 0, 66 063k [2.95 |569 |270
18 59.9 674 | 537 | 0.697 | 0415 | 0,02h | 14,67 11,92 |11.73 |225 0, 68 10,678 12,75 |3.33 | 216
19 Sk 7 636 45,8 ] 0,592 | 0310 | 0,021 1e16 [ 11,63 11,07 [2022 0. 65 0,63k 12,22 |396 |1.90
20 59.3 69.8 50.2 | 0,739 | 0,365 | 0,025 | 14.85 11,43 [10,47 [273 0, 67 0,617 | 209 451 | 1.98
21 5lpe 1 615 46,8 | 0,525 | 0.321 | 0,019 | 13.79 | 11,19 9.86 247 0, 67 0,625 11,82 | 2,46 {1.38

¢ ForperiodseeAppam.xD.
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Table 4

Comparisons of Penman's estimates of evaporation from open water surfece (Eg)

and potential transpiration (Ep) with eveporation fram free

water surface (Ey) and water use (¥i).

(21 Periods).
Period® | B, Hy, By, B E, E Wi WM, vu/n,r’ F*r/*"‘og i/ | g/ L Bofay 1 Ay i/i, /ey
| my/day J J
V17605 5.29] 6457 8e00 |5kt 6053 9,27 | 1031 | 1.75| 0u6t | o6t | oa3 1 101 D odur | da2 b T
2 726 | 5.69| 6,09 | 5400 | 3647 ] 6420] 2,79 | 0.38 | 049 | 0,66 | 065 | 143 0.98 | 0.6 0es5 0.80
3 60| 5403] 5090 | 3o8h |4a72 | 5030 4e09 | 0o64 | 0.81 | 0,65 | 0,72 | 0% 141 1 0,69 0.77 0.87
S 7655| 5.87| 6475 | 4429 | 4496 | 6463 | 5,00 | 0.66 0.85 | 0.6k ! 0.65 0.86 1.02 . 0.7 0.75 1,01
5 D Tobd | 5077] 6e% | b7 | 5675|8400 5:9% | 0,80 | 1,05} 0.6k | 056 | 0.75 0.87 0486 Oy 1,03
6 6621 | 4oB87] 6466 | hols3 | 7495 | 8420 | 6,07 | 0.98 1.25 | 0467 0454 0.73 0.81 | 091 O 7l 0.76
7 7486 | 6,07| 6,56 | he18 | 3477 | 6655 | 5.89 | 0.75 0.97 | 0.6k 0.64 0.71 1,00 0.96 0.90 1,56
8 649 | 8e 97| 6481 | holi7 [ 7479 | 7.87 ] 6.88 | 1,06 1.38 | 0,66 0.57 065 0.87 1.0t 0.87 0.88
9 7e33 | 5e58| Totlt | el | 7e75 | Bobls | heth | 0,56 0.7% 0.6l 0.55 1.4 0,86 0456 Oeli® 0.53
10 64851 5o37| 66T | 4423 | 6434 | TeT2 | 6417 | 0,90 1,15 | 0,63 0455 0.69 0.87 0.92 .80 0.97
41 6B | 11e96]| 6495 | hek9 | Bo35 | Be26 | 6453 | 1,01 1.32 | 0,65 0.54 0.69 0.8, RN 0.79 0.76
12 5667 | 4e57 | 5495 | 3o45 [ 2,78 | 3653 | 6453 | 1415 1.15 | 0,70 0.98 0.53 1.40 1.32 1485 2435
13 64143 | 5o8B | 5685 | 346h | hebT | 6032 | ka3k | 0,67 0.89 | 0.62 0.58 0.8 0.93 Ou?hs 0.69 0.97
1, 6406 | 4455] 5466 | 3042 | 475 | 6465 | 5.08 | 0,84 1.12 | 0,60 0.51 0.67 0.85 0.90 0.76 1,07
15 195 | 3075 oS | 2466 | 3,38 | 5423 | 3463 | 0,75 097 0.59 0.51 0.75 0.87 0.30 0.69 1,07
16 4e80 | 3451 UeliT | 2460 | 3479 | 5.00 3463 | 0,76 1,03 | 0.58 0.52 0.72 0.89 0.31 073 0.96
17 3093 | 2495 holt3 | 2070 | 5469 { 4eT0 | 3463 | 0,92 1,23 | 0,61 0.57 0. 7% 0.9 Ceii2 077 0.6
18 3469 { 2,75] 3458 | 2416 | 3433 | 3481 [ helh | 1,12 1,51 0,60 0.57 0.52 0.9 141G 1,09 1e2h
19 3401 { 24221 3033 | 1090 | 3,96 | 4ele? | 3681 | 1,27 1,72 | 0457 Ooli3 0.5C 0.7 1.3 085 0.96
20 3400 | 2,09 345 ] 198 [4e51 1 389 | 3499 | 133 1.91 Q.57 0.51 0.50 0.89 1,16 1002 0.88
21 2,62 | 1,821 2,56 | 938 | 2.46 | 3438 | 2,54 | 0,97 140 | Cu5% Oulst. Oo S 0e 76 0.99 0.75 1,03
Meen 5076 | hobt | 5453 | 3e48 | 5,02 | 6,04 ‘a-95, 0,90 1.17 0,62 0.58 0.73 0493 0,92 0.85 1.05

¢ For period see Appendix D,



'
Comparisons betwsen Permen'!s Br and potential transpiration taking 3D as 1,0 (Ep)

Table 5

(9 periods)
¥ ¢ L]
Period kp Eg Ep Wi Bp/Eo Ep/fid
1954, Nov. 235 to Dec, 14 5.10 6,16 393 Le39 0.83 1.16
15 to 28 5.60 6.79 24-.98 5.‘09 0082 1002
29 to Jan.11 19% 548 6.59 4428 5499 0.83 0.91
12 to 25 5otk 703 L.50 5¢72 0,83 1.02
26 to Pedb. 8 6.00 7.19 4.56 6015 0083 0098
9 to 22 Le36 5.28 348 5.77 0.83 0.76
23 to Mer. 8 10-.13 50& 3.08 307} 0082 1011
9 to 30 3440 Lotk 2,46 e 0.82 0,56
31 to Apr.19 2.58 3.16 1.77 St 0.82 0,69
Mean 4072 5071 3067 4..99 0083 0.95

{14



Compexd sons betwaenPeman'sE% and potentizl trenspiretion taking SD as 1.0 (E';‘r)

Table 6

(21 pexriods)
Period® Ep Eo Er | b G/
mm/day
T

1 5¢32 6457 44,00 9,27 0.81 | 0.57
2 5,01 6.09 4,00 2.79 0.82 1.80
3 4ol 5«90 3.8 409 (181 1,21
h 5058 ) L.29 5.00 0.83 1,12
5 5.77 6.9 b7 5e % 0.83 0.97
6 5067 6.“ ‘0‘0‘0—3 6.07 00 85 0093
7 5.35 6.56 4.18 5.89 0.82 0.94
8 5067 6.81 Loi7 6.88 083 0,82
9 6,16 7 olds LeTk Lok 0.83 1.49
10 5.63 6.71 423 6.7 0.8 0,91
" 5.80 6.95 L9 6453 0.83 0.89
12 O 4.95 345 653 0.83 0.63
13 Lo76 5.85 3.6k bo3 0.81 1,10
i 461 5.66 342 5,08 0.81 0,91
15 3463 4oSh 2,66 3.63 0.80 1.00
16 3,60 L7 2,60 3.63 0.81 0.99
17 3,72 Lo4t3 2.70 3,63 0.8, 1,02
18 2095 3058 2016 401‘0 0082 0.71
19 2,81 3.33 1.90 3.81 0,84 0.7
20 2,81 35 1.98 3.99 0.81 0.70
21 2005 2. 1.58 2.3{- 0.80 0081
Meen 457 5.53 3.48 496 0.82 0.96

»

For pericd see Appendix D.

*G1¢
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APPENDIX F



Apparent Denaity (Volume wedght)
Depth of soil in inches
fater oontent % on dry weight basis

Efficienay of Water Use

Efficiency of Water Use at any tims ¢

Efficiency of Water Use at cutting O

Efficienay of ¥a
L

Tield of Ary matter (owt/acre)

317.

at pF 2,0
at pF 4,2
at observed pFf

difference between P

difference betwn-nurb and

ter Use from outting O to cutting 1

* 2
2 "3
3 "

2,0

wui£m~

P

b2

9-18"
18-30*
30-h2*
42-54"
466"

for 0=9% dopth

9-18*
18-30"
30-42"
42=5k"
566"

o for 0,~9" depth,

Cumilative yield of dry matter (owt/acre) using ¥, smount of water (in./acre) at cutting O in time t; (days)

" '1
0] '2
. '5
. L}

4

0 to cutting 1 in time t, (days)

0 . 2 " s .
o L 3 9, ‘2 »

w | ] -
0 '8 tk
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SYMBOLS USED (Cont'd)
Cumulative smount of Water Use (in,/acre) yielding T, amount of dry matter (owt/acre) at cutting O in time ¢, (days)

" . . " - T, . w rmmttingomwtﬁng1inumet1(dayu)
™ [ L] L] [ ] 12 L] " » [ ] o " » 2 - » ¢ "
L] L - - «* !'3 ® «* [ ] L] 0 L} L 5 LJ ] t} »
- . " " " r‘.‘ " . - = g w . v L t‘* "

Amount of Water Use (in/acre) in genersl A
- n " mmt‘dm

. . *  in non-irrigated plots

. of available water stored in the soil (in,) from 0-66" Aspth in the irrigated plots

«* " L] L] " L} L] mmmmmmu
- " ® ® ® «* L] atﬁmtc

" ® «* ® «* «* L] - w t1

Amount of water taken from the scil (in,) over the tims interwal from to = tq
(iisty = Vsty)

Total available water stored (in,) in the irrigated plots

Ws ¢+I+R

Ixry metter production

Iry walght of tops
Deficit in rate of growth (owt/acre/day)

= Rainfell (in,)
= Irrigntion given to irrigated plots

. non-irrigated plots
10 e g
Inoamdng short wave radiation (equiv, mm/day)
By (0,25 + Q.50 °/N) . .. after Pemmen 1952,
Theoretical maximm incoming solar radiation (equiv, mm/day) that would resch the carth in the sbsance of an atmosphere.

Actual Auration of bright sunshine (hrs/day)

Maximm possible duration of bright sunshine (hrs/day)
Evaporation fram free water surface (in, )

Saturation deficit (in, Hg, )

Mean air tauperature (°F) - (MAtMe)





