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THE W ATERREQUIREL\’IENT OF PLANTS.

[—INVESTIGATIONS IN THE GREAT PLAINS IN 1910 AND 1911

INTRODUCTION.

The term * water requirement’” i used in this paper to indieate the
atio of the weight of water absorbed by o plant during its growth to
the weight of dry matter produced. The water requirement of a
erain-producing field crop may be expressed either in terms of the
total dry matter produced or on the basis of the grain alone and is
found by dividing the total weight of the water absorbed during the
whole period of growth by the total dry weight or by the weight of
the grain, respeetively. The results of earlier investigations have
shown that some of the crop plants differ materinlly as regards their
water requirement. The subject thus hecomes one of considerable
cconomic importance in conncetion with the agriculture of semiarid
regions, since the erop or variety which is most ecconomical in the use
of water, other things being equal, 1s evidently the one best adapted
to regions having a limited water supply.

The water requirement of a given crop, or the transpiration ratio,
as it is sometimes ealled, has long been known not to be constant, but
to be dependent upon and influenced by variations in many environ-
mental factors, such as the teniperature and humidity of the air, the
veloeity of the wihud, the ntengity of the solar radiation, and the fer-
tility of the soil. = The water requirement of small-grain erops grown
in n cool, humid region is much Jower than that of the same erops
when grown in a dry region, «uch as the wester part of the Great
Plains, where they are subjected also to high winds and greater solar
radiation. .

Tt has consequently secemed desirable to determine at different
‘points in the Great Plains the water requirement of the crop plants
which have appeared best adapted to these regions.  These experi-
ments have included also the measurement of. the water requirement

of several different varieties of cach of the more important crop plants
ts as nearly comparable.

under conditions designed to make, the res

1 The investigations here described were carrled on at every stage in cooperation between the Office of

Biophysical Investigations and the Office of Alkalf and Drought Resistant Plant. Investigations. - The
“pames of the-anthors have been placed alphnbetical.ly on the title-page. o .
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8 WATER REQUIREMENT OF PLANTS.
as possible, with a view to dotermining those varieties which are
most efficient in the use of water.!

The writers have also attempted the measurement of the water
requirement of crops growing under field conditions.  Such measure-
ments are of practical value in determining the total amount of water
used in the production of the crop. The unecertainty regarding the
amount of run-off and of surface evaporation makes such determina-
tions rather indefinite so-far as the actual water requirement of the
crop itself ist concerned. It seemed very desirable, however, to
obtain this field cheek upon the regults of the pot experiments, and a
gratiflying agreement between the two series has been obtained.

DETERMINATION OF THE WATER REQUIREMENT OF CROPS IN
POT CULTURES.

EXPERIMENTAL METHODS,

The determination of the amount of water used by aerop necessi-
tates the measurement (1) of the amount of water added to the soil
during the growth of the erop and (2) of the differenee in the water
content of the soil at the beginning and at the end of the experiment.
The most aceurate way of making the second determination is by
weighing the whole system. Weighing also furnishes the best method
of determining whether the soil contains at all times a suitable mois-
ture supply for the crop. Weighing, however, necessitates the use
of a pot or soil container of some kind, and this constitutes a departure
from ficld conditions.  Towever, in a comparative study of the water
requirement, of different crops, grown as nearly as possible under the
same conditions, a rational pot culture may fairly be assumed to
affeet the different erops in a nearly uniform way and therefore to
introduce no serious error in determining the relative water require-
ments. of the several erops compared,

PREVENTION OF KVAPORATION.

Some uncertainty in determining the water requirement. always
results from the evaporation of water dircetly from the soil surface.
A cheek pot without plants, in which the soil surface is freely exposed,
can not safely be held to represent the loss by evaporation from the
soil surface of a pot in which plants are growing. This is sufficiently
demonstrated by considering the difference in the amount of evapo-
ration from the check pot Lf*thcmsolvoé. “(Leather, 1910, p. 141.)°
The growing plant, accopding to' t}hqz‘:(}hnmc‘t(ﬁ'.;of its folinge and the

1 A large amount of work by other i:i\'t*sligat()rs has atready Hien'tdone In connection with the determina-
tioh of the water requirement of plarits.  The rescarches bearing on {hissubject, however, donotappear to
have ever beenbrought together, and this has led the writersto present the results of different investigations
i some detail in another publication (1913, B. ' 1. Bul, 285). - o ‘

* Bibllographic citations In parentheses {n the text of this bulletin refer to the ** Literature cited,”
p. 49.
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\\'A'l‘EJ: REQUIREMENT OF CROPS IN POT CULTURES. 9
distribution of its root system, will also materially modify the surface
evaporation ffum the’ soil, Kiesselbach and Montgomery (1911)
have found that the loss of water from the soil surface can be min-
imized by the use of a 3-inch layer of gravel combined with a loosely
fitting metal cover without interfering with the normal development
of the corn plant.  Lawes (1850) in his pioneer experiments closed
the top of his pots with a tight-fitting cover, save for a small opening
around the plants. Thé objeetion to closing the pots completely has,
of course, boc‘;g_-‘-wba,spd upon the fear that the acration would thereby
be reduced tgsudg an extent as to interfere with the normal devel-
opment of the plants. Tt is evident, however, that the reduction of
evaporation by the layer of gravel or by the closely fitting cover em-
ployed by Lawes must reduce the acration to a corresponding degree,
since the exit of watér and the entrance of air under such conditions
are both diffusion processes.  The writers accordingly determined to
try the expedient of climinating the loss of water due to evaporation
by using pots with tight-fitting covers provided with openings for
the plants and sealing the openings around the stems of the plants
as perfeetly as possible with wax. 1t was believed that suflicient
acration would be secured (1) from the air which is drawn into the
soil to replace the'water transpired and subsequently expelled in part
when more water is added; (2) from the air actually dissolved in
the water added to the pots; and (3) from the air drawn into the pots
by the (:(nltrz'u',ti'i)n of the air in the interstitial spaces of the soil mass
due to the dliiziily_.f-lu(‘ftu:1ti0ns in temperature, .

The results of the éxperiments have shown that this conclusion was
justified.  The growth.was luxuriant qand healthy (PL D). and the
roots were found at the conclusion of the experiments to have pene-
trated into every portion of the soil mass. There was no tendency
on the part of the root system to become massed cither about the
center of the pot, where the moisture was added, or at the walls,
and there was no odor other than that of well-aerated soil.

i DESCRIFTION OF THE POTS.

Substantial cans of heavily galvanized corrugated iron have been
used in our experiments as soil containers for growing the experimental
plants. (Pl ILgfigs. 2 and 3.)  Cans of one size have been used
throughout, namely, 16 inches (40 ¢m.) in diameter and 26 inches
(66 cm.) high, having a capacity of about 250 pounds (115 kilos) of
soil. (Fig. 1.) ' ,Cans of this size provide a soil .mass fully adequate
for the normal development of the plants and are capable of being
readily transported. (Pl II, fig. 3. hie advantages of a large
container have been noted by Leather:(1910, p. 167). Each can is.
fitted with a heavy galvanized-iron cover through which holes are
punched, suitable in size and number to accommodate the crop which

97992°—Bul. 284—13—2




10 . WATER REQUIREMENT OF PLANTS.

1t 1s desired to grow. Ifor the small-grain crops, 20 holes one-half
inch in diameter:have been used; for sorghum and alfalfa, 8 holes
1 inch in diameter; and for corn and sugar beets, 6 holes 1% inches
in diameter. In the center of each cover is a hole 1% inches in
diameter which is used for watering and which is normally kept
closed with a stopper. These holes are punched so as to turn the
edge upward and outward. The jomt between the can and cover
1s sealed with o strip of surgeon’s adhesive plaster 2 inches wide.
Euach can is provided with two heavy bale cars for suspending the
can while weighing; also two folding handles.

FILLING THE YOTS.

The soil, containing a sufficient amount of moisture to work well,
is tamped into the cans.  Especial care is taken to have the soil at the
top of the pots built up above the can and
well compacted, so as to be in firm contact
with the cover. Otherwise a settling of the
soil will subsequently occur and break the
-wax scals around the stems of the plants.
Before applying the cover, an excavation is
made n the center of the soil in the can, into
~which a 5-inch unglazed flowerpot s in-
serted at such a height that the top of the
pot will be in contact with the cover when
the latter 1s in place. (Fig. 1.) The soil
immediately around the lower part of the
flowerpot is replaced by fine gravel. This
arrangement provides additional surface for
the absorption of water, so that the cans
usually take water readily, thus greatly facili-
tating the process of watering. A vertical
section of the can showing the unglazed pot in position surrounded
by gravel 1s shown in figure 1.

F1g. 1.—Pot used in measuring the
water requircment of plants.

PLANTING AND SFALING;

The seeds, after having been kept between moist blotters until
germination has started, are planted through the openings in the
cover of the pot, moist soil being packed lightly over the seed to the
level of the cover. The exposed soil surface is then protected from
evaporation by a thin layer of wax, which can be quickly applied in
a melted condition with a ‘brush. The wax which we have found
most satisfactory for this work consists of a mixture of 8 parts of pure
beeswax and 2 parts of tallow.  Most plants will readily push through
this wax. After the plants have become established, the wax seal
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WATER REQUIREMENT OF CROPS IN POT CULTURES. 11

can be thickened. This method of preventing evaporation and
excluding rain has proved satisfactory and is especially useful in the
case of the small grains.. (Briggs and Shantz, 1912.)

Surgeon’s adhesive plaster has also been used for closing the open-
ing around the stem of the plant. After the seeds are planted, the
top of the pot is covered with soil until the plants have appeared
through the openings. - The loose soil 1s then removed and a small
square of adhesive plaster, cut through to the center from one side,
ix slipped around the seedling, and pressed into firm contact with the
cover. The adhesive tape does not accommodate itself to the growth
of the plauts as well as the wax and is not as satisfactory In prevent-
ing the entrance of rain water. The seals of cither material need
oceasional attention to keep them in good condition.

METHOD OF WATERING.

Water was added by means of 2-liter flasks, the necks of which were
cut 50 as to deliver 2 liters when brimful.  This form of flask could be
filled quickly and accurately by immersion
without further adjustment. The filled flask
was inverted in a funnel placed in the opening
in the center of the cover. This arrangement
acted virtually as a Mariotte system, keeping
the water at constant level in the receiving
flowerpot until the flask was emptied.  (Seo
fie. 2.) When not watering, the hole in the
lid was closed with a long cork stopper.  The
quantity of water added at one time was
adways 2 liters or. a multiple thereof. This
method  of procedure, combined with the ¥ 2-Sketeh shawing the
weighings made every second day, formed a ;’;‘t;ielﬁf i aclding water
valuable check upon the amount of water ' .
added, since it was always possible to determine from the weighings
of a series of pots whether water had been added to any particular
pot and the approximate quantity. Otherwise some uncertainty
will veeasionally arise regarding the amount of water added to a
particular pot when 600 liters or more are being added to the whole
series datly. '

The water used was pumped from a deep well and carried some
lime. | '

WEIGHING THE POTS.

The daily weighings were made upon aspring balance with a 12-inch
dial having a capacity of 150 kilograms and readable to 0.1 kilogram.
At Akron in 1911 this balance was checked frequently with a platform
balance with agate beam bearings and having a sensibility of 5 grams,
and in 1910 daily with a check pot which contained no plants and was
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12 ) - WATER REQUIREMENT OF PLANTS.

completely seaded.  Spring balances have a rather large temperature
cocllicient, which does not affect the results of this work, however,
exeept in the initial and final weighings. Here the temperature
correction, which may amount to several tenths of a kilogzram with a
load of 100 kilos, must be known or the balance must be checked
frequently with a stunddrd weight.  The latter plan has been followed
in our work.

I'or convenience in weighing, a steel track was installed in 1911
dircetly over cach row, being fastened to the roof timbers of the
inclosure.  This track supported a small trolley, which in turn carried
the lifting deviee and the balance. A small differential block was at
first used to lift the pots. But the passage of the chain over the
blocks caused. tie balance to vibrate badly while the pot was being
lifted, so a double blockiand rope tackle was later substituted, one

person holding the ean suspended while a second recorded the weight.

(PLL 1L fig. 2.)° In this way the pots could be weighed at the rate of

“about one @ minute.

‘ ) CROPPING AND DRYING.

The plants growing in the pots were harvested at the stage when
similar crops are harvested in the field.  Grain crops were ripe and

Salfalfa and sweet elover were in flower. . The plants were cut even with

the soil surf ace, except that alfalfa and sweet-clover plants were cut
in such a way as to leave the erown uninjured, and were placed in sacks
of known weight. The green weight was taken and the cropping
allowed to become airv dry. It was then placed in asteim drying oven
and maintained at a temperature of 110° C. until reduced to constant
weight.#. The total dry weight, the weight of the sack, and the weight
of grain ‘were then determined.

13

THE SCREENED INCLOSURE.

To proteet the plants from birds and possible hailstorms, it has
been necessary to conduet the pot experiments in a sereened inclosure.
The melosure at Akron m 1911 (Pl 11, fig. 1) was 36 by 40 feet and
accommodated 200 pots, arranged in five double rows running cast
and west, with walks between. The framework was constructed of
2 by 4 inch studding, with a flat roof 10 feet above the ground.” The
roof timbers were spacod at intervals of 3 feet, to whxch the }-inch
galvanized network was tacked.  The walls of the inclosure to a
height of 3 feet consisted of tlght boards, To break the force of the
wind during storms, a strip of this eesecloth 3 feet wide was placed
over the netting nnmedm the yoard base. - A strip of 2-inch
mesh wire notting awas the checsecloth, so that it was
supported by nettin n both sides. This thin cloth screen did not
appear to interfere:with ‘the ventilation of the inclosure, the plants
moving in the h«rhwbt breeze, but it served cﬁcctually to break the
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WATER REQUIREMENT OF CROPS IN POT CULTURES. 13

force of high winds. This progection would not introduce any serious
error in the determination of the water requirement, since an inerease
in the wind velocity above a moderate breeze has only a slight
influence on the transpiration of a freely exposed plant. (Brown,
1910.) v

EFFECT OF THE SHELTER ON THE WATER REQUIREMENT,.

The plants grown in the inclosure were shaded to some extent by
the network. This amounted to a reduction of about 26 per cent in
the direct radiation from the sun at 10.30 . m., based upon measure-
ments with a silver disk pyrheliometer inside and outside the inclos-
ure. Nearly half of the radiation thus cut ofl direetly would, how-
ever, enter the inclosure indirectly by reflection and radiation from
the sereen, and the same would apply to the radiation from the sky.
In addition to the effect of the screen, some shading resulted from the
framework.  An idea of this can be gained from Plate II, figure 2.
The reduction in radiation, while so small as probably to have 1o
effect on assimilation, would ténd to reduce the water requirement
of the plants in the inclosure compared with plants grown outside,
since the inside plants were not required to dissipate so large an
amount of solar radiation.

To test experimentally the effect of the inclosure, 12 standard pots
of one of the tumbleweeds, Amaranthus graecizans, were grown from
August 5 to September 15, 6 pots being placed inside the inclosure,
while the others were left outside in a freely exposed position.  The
mean water requirement of each series (p. 33) was as follows:

Inside the InCloRPIe. « . o oeu i cia e ananas 07744

27
Outside the e ORUIe. . oot it asee s naaanaaes & Th4

2

These results would indicate that the effect of the slight shade
and protection of the inclosure had no influence on the water require-
ment of this plant; the difference in the two series being less than the
probable errors of observation. The difference in the radiation
intensity inside androutside the mclosure ean not, however, be
regarded as without effect upon the transpiration of more succu-
lent plants. Later experiments with wheat and alfalfa have shown
that the use of a screen similar to that of the inclosure reduces the
water requirement measurably. The absolute value of the water
requirement obtained in the inclosure is, therefore, probably some-
what below that of .an isolated plant growing in a freely exposed
position. Under field conditions, however, the plants grow in close
proximity and skiade one another to some extent.  The conditions in
the inclosure therefore appear to approximate field conditions more
closely than if the plants were grown in the open. The determi-
nation of the relative water requirement of the different crop planis
is, however, the main problem from an economic standpoint.  Asido
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14 L * - " WATER REQUIREMENT OF PLANTS.

fromt a possible differential effect when widely separated genera are
used, vhi('h'is‘ suggested by the results obtained with Amaranthus
gmemzans, it does not appear that the relative water requirement of
the differdnt plants would be measurably affected by the slight shad-
ing due to the mclosur e.

-‘ '.,‘: o CO\U’UTATIO\I OF THE WATER REQUIREMENT.

Ench. pot is womhed (mth an error of not more than 100 grams at
most). scon after the seeds are planted and again immediately after
the crop.is harvested. The initial minus the final weighing when
added algebraieally to the water supplied, expressed in the same units,
gives the total weight of water absorbed by the plant.  This method
of ctlculation gives a water consumption that is too high by an amount
equal to the dry weight of the tops and too low by an amount vqunl :
to thv green wught of the roots—errors which oflset each other in
part.

Each water-requirement determination in our experiments is based
upon measyrements carried on simultancously insix pots.  Thewater

requirement of the plants in each pot is determined separately and
the mean of the six determinations taken to represent the water
requirement of the plant under investigation. This proeedure also

‘affords a basis for computing the probable error of the mean water

requirement.t

WATER REQUIREMENT OF WHEAT AND SORGHUM IN COLORADO AND
TEXAS, 1910.7

The results of the waﬁor—r(\quiromont measurements of wheat and
sorghum in 1910 at Akron, in northeastern Colorado, and at Ama-
rillo, near the center of Llw Panhandle of Texas, including data for
the 111(11\1(111:11 pots, are given in Table I. In tlus series of experi-
ments the water was not applied at the top of the pot, as already
described, but was led through a small pipe to a gravel laver in the
bottom of the pot. This method was not fmmd satisfnctory. 'l‘h(‘

To those unaccustomed to thinking in terms of ¢ probable error™ it may hv \md that tho prob.\bh error
Serves as o (mo wsure of the extent of the agreement among the individual observations.  The more nearly
the individual observations agree, the smaller is the probable error. ~ 1f the experiments had heen con-
ducted with 12 cans instead of 6, and if both sets were representative, the chances are even that the mean
of the sccond lot (mg) would have agreed with the mean of the first lot () within the limits of the probable
error () of the lntter; or, algebraically, that my+a>my>m—a. The chances are 4.5 to 1that the meanof
the second set will agree with the first within limits equal to twice the probable error, i. ¢., 4.5 to | that
m4-20>m >y —2a, and similarly, 21 to 1 that m|+:m>m,>m\—'2n .

The probable error-of the difference of,twp means, each affected with a probable error, is equal to the
square root of th¢ sum of the squares of L 0 ,p;obableerrors. If the difference of the two means is no
greater than'its probable: error.‘t- sthe difference is fictitious. If the difference of
the means is-twiee its probable H ¢ 4,5 to 1 that a mensurable ditference exists between
the two series; and, qimilarf- fthe dit!erence s equal ree times its probable error the chances are
21to ! that the serwsnre mcasumblydm‘erent This Iast ls\)ftcn tnkmus thecriterion of anactual ditference
in two serles.

2 The writers are indebted to Mr. E. F. Chilcott for conduclihg the tests at \mnnllo, Tex., in 1910, and

"o Prof. A. F. Kidder and Mr. Homer Martin for assistance-at- Akron, Colo., during the same year.
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WATER REQUIREMENT OF CROPS IN PI'OT CULTURES, - 15

upward capillary movenient, particularly in the case of the Akron
s0il. was so slow that it was impossible to maintain the upper part of
the soll mass at a suitable-moisture content without getting the lower

p.ut too wet.

This virtually decreased the soil mass and may be

responsible in part for the higher water l'oqmromont obtained in 1910

as compared with 1911.

Fho soi1l used at Akron in 1910 was not as

pmductlvo as that used in the 1911 experiments, and this may also
have increased the \\nt(‘r l'oqmrm_nont. , .

Tspre T Q%II’alrr requirement of wheat and sorghum,

“AKRON; Covo., 1910,

Watcr requirement

I’I ¢ S b'n:m on— -
Plant and period of growth. | N% 1.

e "G‘\‘-q_h‘n.- Dry matter.,

T S T2

2 ereiaiae 685

IKubankawheat G, LU0 Triti- 31 48 i 22000 L HN

cum durum), Apr. 18to Aug 2, 4 e feseseanaaninn 770

’ 51 B N . HRG

O 28,8 [eemeaosved) 1097 Jeevvnai it 70h
B 1% TP RGN SRR PORTRIN MPPURTUpRLEY PSRRI R R R E (M 4@ m

Red Amber sorghum, 8. P 1L
17548 (Andro pogon sorghumy,
May 25to Sept.28. ..o

- AMARILLO, TEX., 1910,
1} a3.6 | 21 1 K33 2% 13,910 ! hitt
. 2 783 15,4 68, 2 21 14,430 930
Kubanka wheat G, 1100 Triti- K 102.7 23.2 87.1 23 13,750 NS
cumdurum), Apr. HtoJuly 1. 4 819 18. 8 648 23 13,440 701
A H a2, 4 21,4 801 23-13,740 K68
6 114.3 31.5 00, 4 28 [ 2,870 70
MEAN. oo e PO FERRUR RS 3, 605 4: 140 853416
7 81.0 BEN| 24 11,119 341
: - 3 n
Red Amber sorghum, 8.1 L :‘) L’“,'i }(‘;(\)1‘ }3 :ﬁg: :(’::
17548 (A ndropogon vorghum) : o b oo o P
Af 10 to Aty 28 10 43.1 126. 6 121 2,948 C3h2
ay 1010 Al 28,0 . s 11 8.2 121.9 23 1 1,558 362
: 12 67. 6 126.3 20| 1,879 371
Y (14} DDA PCRPI PRI SPRpRpp M B L 1, 8904130 15043
SUMMARY OF RESULTS IN 1910,
Mean water reg tiro-
ment bhased on—
Crop Location. -
Grain,  |Dry matter.
h Amarillo, T 3,605 41 l(—)*I T« H;;;'
- Amarillo, Tex... ..ot 32,0054 140 ]
Wheat ..ol {.-\ KION, COl0. oot e iiiiaeeeanaeeens Hr:,;t lg
Q Amarillo, Tex.............. e 34
APERUML. e {..\kron,(fmo ............................ 3564 O

e S e

7
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16 Lo WATER REQUIREMENT OF PLANTS.

It will be noted that the water requirement of wheat based on the
dry matter produced was about 28 per cent higher at Amarillo than
at Akron, while that of the sorghum was the same in both cases.
The yield of grain was poor in each case, and no weight is to be
attached to' the water requirement of the grain. The variety of
sorghum used is grown for forage only.

WATER REQUIREMENT OF WHEAT AND SORGHUM IN TEXAS, 1911.}

The water- r('qu,lromcnt measurements at Dalhart, Tex., in 1911
were confined to %wo crops, wheat and sorghum. This station 18
located in the extreme northwestern part of the Panhandle of Texas,
and has an clevation of about 4,000 feet and an annual rainfall of
about 16 inches.  Sorghum is one of the best crops of this region,
while wheat is uncertain.  Six standard pots of each crop were grown
in a sereened inclosure of the same type as that used at Akron in 1011,
but smaller.  This was placed in a freely exposed position, so that the
crops were subjegted to the strong winds of that region. The pots
were placed in*two rows running cast and west, the sorghum being
placed on the north side to avoid shading the wheat.  The period of
growth was chosen to conform as nearly as possible to that of the
same crops in the field. A summary of the results is given in Table

II. - The water requirement of the wheat based on dry matter was

673+17.  Thewater requirement hased on grain was 3,830, Compar-
ing these results with similar measurements made at Akron, Colo.,
the same year (p. 17), it will be seen that the wheat grown at Dalhart
required 43 per eent more water than at Akron for the production of
the same amount of dry matter and 230 per eent more water for the
production of" the same amount of grain.  This diserepancy in the
ratios, combined with the low grain vield in the pots at Dalhart, leads
the swriters to question the water-requirement ratio obtained for
grain at this station. _

The water requirement for Red Amber sorghum at Dalhart in 1911
was 313 410 when based on dry matter and 1,092 447 when based on
grain. This is only 5 per cent higher than the water requirement for
this varicty at Akron during the same year (p. 27), while the water
requirement based on grain is 27 per cent less than at Akron. It
should be stated in this connection that Red Amber sorghum is a
va.rlety grown for forage rnther than f(ir sced. '

! Thc wnlcrs are indobtml to Mr.
Tex., In 1911,
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WATER REQUIREMENT OF CROPS TN POT CULTURES. 17

Tanre 11-—Water requirement of wheat and sorghwm at Dalhart, Ter., in 1911,

’ Water rm\uiromont
Pot Pry l based on—
. o .. N
Crop. No. | matfer. ' Grain, Water. Grain, {___ R
i Grain. ;Dry matter.
i
! 1
Grams, .| Grams, Kilas, | Percent. ’
1 484 &4 20.9 17 | 3,560 | BIS
2 . * KN 22 12,790 628
Kubanka wheat, G. I. 1440 3 i&? lll ;”_g 15 3','.&, i =10
Sanuum durum), Apr. 25 to 3 13,0 2% 28 19 %610 i oy
WY IR eieaiiiiiiiiinenn 5 4.8 6.7 | 318 15 | 5 don ! 61
6 425 a3l oo 15 | 4320 L0
Mean....o.ooiiiail T R, 8304 .’UU : IRES b
t ‘ LIS D (I I DnILamir
o IR N 31 ow
; 8 T « N1 27 ¢
Red Amber sorghum (A ndro- l 9 0.5 \.; '1 .)& :’ll)-ll':
Dogon w;r(/hum) May 14 te 8 GT. w1 o 1st0
SEPt. 120 aaens e e e e | b a0ld N 32| 042
il 12 U N34 281,222
i Ve
MEn. L e o SO R Loozedr b sia410
i

WATER-REQUIREMENT MEASUREMENTS IN COLORADO, 1911.!

Akron, Colo., where most of the wuter-lcqunomvnt, nmeasure-
ments deseribed in this bulletin have been made, is :L])()lll( in north-
castern Colorado about 100 miles cast of Denver. 1t 1s an open,
treeless, rolling plains country.  Dry Tarming has received considera-
ble ‘utontl(m but jmost of the land is still covered with the native
short grass. ~‘“(Slmntn, 1911.)  The annual rainfall is about 18 inches,
three-fourths «0f which falls during six months, April to September.
The humidity’is 1101'111:111)',10\\' and the hot summer days are followed
by cool nights.  The sky is scldom perfeetly clear and sunshine is
fuquvntl\' followed qmgk v by cloud. The storms are often ex-
trenely local in ;elmx.).cto}"und many times are attended with high
winds and’o¢ cusﬁmz‘\llv \\lt} hiail.  As Akron is located in the center
of the Great Plains, fu"jn east to west as well as from north to south,
the measurements seive alw to represent roughly the water require-
ment of ¢ mps fm' the-Gré: t Plains as o whole.

\\'.\'l'l‘:l{ ‘)il':.(é(;"[_l”‘i.\lExT or l)ll’Fl’.]H‘l.\"r VARIETIHES OF WHEAT,

Five varieties of wheit, meluding one of emmer, were tested
recards their \\'nt('r'rcquirom(!nts at Akron, Colo., in 1911. The
sertes included: one variety of Triticum durum, the Kubanka; three
varieties of  Trticum aestivwm, Marvel Bluestem (Pl 11, fig. 1),
Galgalos (PL. 1V), and Spring Ghirka: and one variety of 'Ir‘m,cum
dicocenm, or emmet. The Kubanka smus wnelstcd of 17 pots, 6
of which were thlhzf,d The unfertili: of ;
at the t-wo onds*“nf the mclos I ve, be:mg atb.

L)
! The writers armn«lohtod o, .\_'essrs*f&uguﬁtenoﬁﬂquet Alan l’eW‘
the Akron, Colo., e\punmcmsm 1t

97992°—Bul. 284—13——3

and Horfior M: xn:‘t(rﬁﬁ&”«xistancoln_

“




e e e, -

o

18, WATER REQUIREMENT OF PLANTS,
- the south-end and the remainder at the north end.  Referring to
1.1!)](* ITT e will -be 'seen that the mean water requirement of the
unfm‘hh/, - Kubanka wheat for the 1T pots was 465 +8, while the
water requirement of ‘the grain alone was 1,196+ 15. Ilw pots of
Kubanka wheat located at the north end of the inclosure appear to
have w slightly higher water requirement.  This part of the inelosure
was occupied by the corn and sorghums, and since these latter plants
“did not reach any considerable (lm(lopmcnt until the wheat was
p( actically ripe the wheat plants in the north end of the inclosure
were s(\m(*}_‘_’ exposed to the winds during practically the whole
period of growth. . While the wind moved freely through the shelter
at all times, the other plants were not whipped as were these isolated
plants, ‘

Six pots of Kubanka wheat, Nos. 7 to 12, inclusive, were fertilized.

20 grams of potassium nitrate and 20 grams of sodium acid phosphate

* being added to each pot.  This amount of fertilizer was divided into
31\'(\ parts and cach part-was dissolved in a liter of water and added
to the pots at intervals, additional water being added after the fer-
tilizer. The water requirement of the fertilized Kubanka wheat was
422 46, while that of the grain alone was 1,184 £36. It thus appears
that the use of fertilizer reduced the water requirement only slightly,
s far s the total dry matter is concerned, the difference between the
fertiliged. and unfertilized pots being about three times the probable
ervor.  In the case of the grain, the addition of fertihzer appeared to
have no effeet upon the water requirement.  As we have already
stated, the soil used in the experiments of 1911 was a rich, dark loam
selected withithé belief that no additional fertilizer would be required
_to give a minimum water requirement and the results indicate that
sufficient. plant food was available.
The. other wheat varieties tested all gave a higher water require-
ment than Kubanka, the values obtained based upon the total dry
matter being as follows

U IR L e e e e e i 468 - 8
Galoados, oL 4962 o
Spring Ghirka. ..o oo 506+ 3
Marvel Bluestem. .o e 8314 5
100 1Y 113 AU RPN 1 & 2l B |

The grain 1 '(‘quirom(‘nt is in the same order as the dry-matter
requirement except in the case of emmer, which gave a grain require-
ment practically identieal with Kubanka wheat. In this conneetion
it should be remembered that the “grain” of emmer includes the
entire spikelet.  The glumes or chafl constitute about 21 per cent of
the weight of the harvested grain. Concoquvnt]v the water 1oquno—
ment {or the production of the true gruinis 1,490. T his value is now

280




g
&3

S e

WATER REQUIREMENT' oF CROPS IN POT CULTURES. 19

comparable with the grain \’mlds of the w heat varieties.  The water
requirement of the different varieties is thon as follows:

mmer (mcludmg glumes) S . 1180442
Kubanka.. ccveinvanana.. Ll L1014 1
Galgaloso o ooooiavion it e R RAEREN R
Spring Ghirka. ... oL, P s L3821
Emmer (without glumesy. ... ... P e e 1 4903;. 3
Marvel Bluestem...o ... ... T 1, 786460

The above summary shows emmer to have a water requirement for
arain production hwhm than any other wheat wil‘h the exception of

the Marvel Bluestem.:

[t 1s of special interest to note 111.1t Marvel Bluestem, a variety
erown extensively In humid regions, gave a higher water requirement,
both for dry matter and for grain, than any of the other vavieties of
wheat tested, requiring 13 per cent more water than Kubanka wheat
to produce an equal amount of dry matter, and nemly 50 per cent
more to produce an equal amount of grain.

Tavre L Water requeirement of dc__/]rrrnt varieties of wheat at-Akron, Colo., in 1911.

i v
Water requirement
based on—

I

. |

. i p Dry T N

Plantand period of growth. l\-%t fnl\tlle Grain. 1 Water, | Grain. |
¢ i Grain.  [Dry matter.

- SO : ! : P
" Grams, frams. b Kilox. | Pereent.

1 RN XU h 10 1,128 s
2 120.1 AN, (RY] 10 0 1,272 a3
3 LI 331 30,9 AR TL,200 A0
4 041 - 10,0 . 44,75 38 1,119 430
Kubanka, G. 1. 1440 ( Triticum’ ‘: - l.}..‘:' (') : ',.;L' 3 2’8? :(.: . :H,‘; :(":
durumy, May 13 to Aug.2.....0 4o SIS | 6 5 @ s fin
il 200 75.0 30.5 37,2 147 1,219 196
202 .5 | 36,1 47,3 40, 1,310 A
203 65. 2 i 25. 1 30,55 390 1,217 460
U204 0 0.6 13.8 | 445 400 1,248 402
Hl\ 4N
o7 92.6 | 32,7 16,45 60 1,104 301
aps : 28,9 45.2 3.2 35 1,265 ERL
Kubanka. G. L 1440 ( Triticum :| = 3 12%.9 z Ny : oy e
durum), May 13 to Aug. 2| 9 .7 24.7 444 a1y 1,802 g
Ctortilized) 1o 10,0 41.8 441 381 1,065 01
AR i 11 148 44.0 W15 Kt 1, 1130 ] 437
12 8.3 KX 37.8 37 I 142 124
i r [
Mean.. .o, L O FUSUTURE NS 1, muu.‘ 122G
: ? . RAR. st I LoomTivems ot
[ -
131 1213 30,7 68,6 251 2,243 i 565
Marvel Bluestemn, G. [ :;nS'.!! L ‘:2“'4 8.0 61.95 32 1. 1,030 htd
( Triticum aestivum), May I3 T ]2;2'6 . Z;("'Z'. 71.4 :10 L 8” l :"\
o AR T A6 1200 38.7 67.1 30 LI 528
"""""" 17 121. 4 37.6 64,1 31 I, 70 . n2s
18 . 140.2 4.7 71.6 i 3271 1,602 . .nl()
i L .
| : A I s
Mean.......ooooiiiiiiat ; ...... | .............................. [T l 48(»341) »il L H
- | | R
19 ! 100.5 43.9 M. 65 40 1,244 : 49
20 | 119. 6 45,10 60.7 | 381 1,345 ‘ 7
Galgalos, G. 1. 2398 ( T'riticum :] 21 | 1.5 42,2 52.65 | 01 1,247 : 5
aesticum). May 13to Mg 1.0.] 220 1202  49.3 58.7 A1 L0000 0 aE
1 1 082 43.3 52.0 4071 1,200 ; 180 -
i 240 2 116.4 47.0 58.5 i 10 1,244 : 502
. i e e e e, A
MeAN. e . | .............................. I LUSEIS,  4%6kd
284




20 WATER REQUIREMEXNT OF PLANTS.

TanLe 111—Water rr'qmr(’nwnt of different varieties of wheat at Akron, Colo., in
X 1911—Continued.

‘ R Water requirement
. 0 N PR : based on—
L] . ¥ v N
Plant and period of growth.. T}’;gt mzr))trl}or | Grain. Water. ¢ Grain.
’ : ‘ Grain.  [Dry matter.
T Grams. | Grams. Kilos. | Per cent.
25 113.2 39.5 55, 9 35 1.415 194
. : . oy s 26 25,5 4.8 63, 36 08 03
S[érmg Ghl'rkm (;. l-\}-ﬂ' (]_/;”{" 51: }2()) 2) 45‘1 2 o:; ‘3 ig i,:’r':-t ;(2):»
wm am ivwn ), May 0 ‘ N o . e b
. ’ 28 120, 7 4.5 61.2 37 1,375 07
AU A R R R 29 109. 1 39.2 54.6 361 1,303 50
2 30 110.5 53.2 53. 7 48 1,047 504
) [c511 ¢ PR PN FN R AP MO AN 1,3524£43 306£3
) 79 111.1 50.9 52.3 46 1,027 471
- 80 120. 4 57.9 59. 8 48 1,032 497
Emmer, G. 1. 2951 ( Triticumn 81. 120. 5 a2.1 71.8 43 1,378 Loy
dicoccum), May 13 to Aug. 4... 82 ‘_i 7.4 39.5 45. 4 45 1,140 519
83. 103, 4 46.0 57.7 45 1,254 558
&84 121.2 54,9 68.2 45 1,242 HH2
Mean.......... RO SR IR PR S S 1,150 42 53414
- !

WATER: REQUIREMENT OF DIFFERENT VARIETIES OF OATS,

The experiments with oats at. Akron, Colo., in 1911 included four
varieties, namely, Sixty-Day, Canadian, Burt, and Swedish Seleet.
(Table ITI and .PL TII, fig. 2.)

A stmmary of the water requirements of the different varieties of
oats, based on dry matter, is here given:

Canadian... ... G A S9S 414
Sixty-Dayacoooooooo. e 605-£ 5
Swoedish Seleet . o . 6lh 7
BT . L e G304 7

Very httlv difference is shown by the diflerent varieties in -their
water requirement when based on the production of dry matter; in
fact, the diflerence Between the Canadian and the Burt is less than
three times the probable error.  In the case of the Sixty-Day and the
Burt the difference is four times the probable error, indicating a small
but real difference in the water requirement of these varieties.  This

“1s of espeeial interest when we consider the growth habits of the differ-
Cent varieties. The luxuriant broad-leaved Canadian, a plant which

seems ill adapted to a dry country, has apparently the lowest water
requirement, while the least leafy plant, the Burt, has the highest.
However, the small-growing Sixty-Day and Burt varieties are far
more cconomical than the Canadian in the use of water when the
erain vield is considered.  This is shown in the following summary of
the water requirement of the different varieties based on grain pro-
duction:

E 5 2 O 1, 383430
BUT . e e e e 1. 500257
Swedish Select. o 1. 632435
T DT 8 1 O A 2, 204 4= 140
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FlG.£i1.*-l()WA SILVERMINE CORN, GROWN MAY 24 TO SEPTEMBER 4, 1911
e . tPoTs 115 10 120",

Witer rogquirement, 120080,
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WATER REQUiREMENT OF CROPS IN POT CULTURES. 21

Swedish Scleet is intermediate both in habit of growth and in its
water requirement based upon cither dry matter or grain. s com-
pared with Kubanka wheat, the oat plants appear to require about 30
per cent more water for the production of an equal amount of dry
matter and even the best wvarieties of oats require 15 per cent more
water than Kubanka wheat for an equal production of grain,

‘*
TanLe IV.— Water requirement of different varieties of oats at Akron, Colo.. m 1911,

I EEN ‘ ! : R v
R T _ i Water rmlulircuwnt.
e S . : i haseld o
; i Pot LDyl i T i :
M. R Ayl v - B4 s AR . . .
Plant and period of growth - ~eo? Fapatier. Grain, ! '“v ater. Grain, .. . - ’ :
T TR o Grain, |[Dry matter,
.| Grams. sk Per cent) 0 N
3612401 b i : : 610
‘ o I D Y 8 | 606G
Sixty-Day, G. L 163 (Arena B3 e 383 574
safivay, May 13 to Aug.2...... 34 119.3 17 §08
35 124.5. 1" 626
36 T13R.0 613
Y (521 ) VORI PR [LARE )
37 8.2 25. 7. AN
kA 300 U 311 2,028 (135
Canadian; G. 1. 444 (Arvena sati- 39 46,2 sSL3 LT 601
ra), May 13 to Aug. 120000 40 32.4 60. 4 20 | 1,864 X
41 41.6 848 331 2.0388 (tre}
42 2.3 ‘ 6. 5 25 | 2,40 592
TP r SO PRUUTI FURUI FROPRRPRED! FERTIR PR U PR 2,204 4 143 504 T4
137.6 ST 9. Y 39 | 1,008 ()
. 141.8 53.7 89, 6 35 ] 1,068 (B
Burt, G. T, 208 (4 rena sativa), 1. S H.2 106, 9 47 1R [1%)
May Wto Aug 1o ; 1248 At 77.8 B IR 623
. 143,06 733 870 51 1LIS7 [ELD
LM 149, ¢ 61.2 97.1 41| 1,58 s
" i , H - mpr e s P
i/ E
Y 151 1 DAL PR TR EERST TR | -
o 1 )
174.2 6. 0-% 130 624
3 . : 181.2 67, 1,685 6OR
gwedish Select, GoI 134 (Avena.: 150, 2 53, 1,851 (B
sativa), May 13 to Aug, PPN i\ 172.0 62, 1, 4%) 601
¢ ' 168, 0 62 1,661 616
) 106, 7 ] 1,575 8T
Mean. .......... LI A IUUURRUUUN PP ’ 1632235 1547
WATER REQUIREMENT OF DIFFERENT VARIETIES O BARLEY.

Four barleys, including three varieties of Hordeum vulgare, the Beldi
(PL. I11, fig. 3), White Tull-less, and Beardless, and one variety of

Hordeum distichon, the Hannchen (Pl. V), were included in the ex peri-
: 5 1ts of the water -
requirement determinations: Wi v rley;; based upon

ments at Akggn, Colo., in 191 (Table V).

the dry mattes rodite




22 * WATER REQUIREMEXNT OF PLANTS,
Like the oats, the several varieties of harley tested showed practi-
cally no difference in the water requirement when based on dry
matter, the agreement being even more striking.  Thus, in the case

~of the three varieties of Hordeum vulgare the water requirement is

543 42, 54243, and 544 £9. The other species, Hordewne distichon,
is slightly tower, namél¥, 527 48, but no weight can be attached to
so shight a difference when the probable errors are considered.

When the water requirement 1s based upon the grain produced,
three of the varieties are again in practical agreement.  The White
Hull-less 1x, however, a little higher than the others, and this hull-
Jess character should be considered in comparing the water require-
ments, I the hulls are removed from the grain of the Beldi the
water requirement is inereased from 1,155 to 1,220, which ix still
much lower than the water requirement for the hull-less barley.
The increase dueto removing the hulls is even less in the case of

THannchen barley. Tt is evident, therefore, that the higher water

requirement for grain production by hull-less barley is only partly
due to the naked grain and that for the production of an equal
amount. of true grain the other varieties considered require somewhat
less water. A suinmary of the water requirement of the different
varicties of barley tested, when ealeulated upon the basis of grain

_ produced, s given helow:

- Iannchen. .| R PP I RE A
Beldi, ..., D 1155418
Beardless ... .. .. D 1.210:-38
Beldi (halled) oo oo o 10220519
"\\'hih- Hull-less oo oo .. . 1475 440

Heres again, a great difference exists in the habits of the plants,
the Beldt bemg a dwarf variety with a stem so short as to make
harvesting difficult, while the other varieties have a more luxuriant
habit of growth, with numerous large well-developed leaves.  From
the results of these experiments barley appears to require about 15
per cent more water than Kubanka wheat for an equal amount of
dry matter, heing nearly midway between the oat plant and Kubanka

wheat nits water requirement.  In the production of grain the best

varieties of harley require only about 5 per cent less water than does
Kubanka wheat.

«;284
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WATER REQUIREMEXNT QF CROPS IN POT CULTURES. 23

TanLe \.-—Water requirement of different varictics of barley at Akron, Colo., fn 1071,

' [ !
D ’ : i Water regnirement
p o . l‘- vl oo ! l Dopseed on -
Plant and ,u‘nod‘_‘or;m,\;'lh, | No. | matter. (‘-mm. [ Water. Grain. ‘
C5y . i Grain,  Dry matien
i
i kl-)ﬁm - 3 - e e
R Grams. | Grams. . Kilos, @ Dercent.
DR o0 102.0 5.1 1 a6 44 L2 D
i ‘ 36 149, % 66,2 | L3 SEREN NIrri 470
lannchen, G. Y. 33t (Hordewm 1] ks 133, 8 0.3 PR 44 1,00 Si4
distichon), May 3:to A 124 258 1460 64, b s N EXIEE N M
; Y 142, 1 | TS ERY 32 l 1,000 A
ol 142.3 PR Ay 82,0 EEN NI ai6
MEAN. . eeaeniaeanns s i .............................................. IR KSR
oo 8.9 35.4 £$5.7 a | o Hif2
. a2 92,3 £5.9 a0, 4 a0 1,008 : NEIY
Beldi, G. 1. 100 (Hordewm vul- t [IX] 7.9 371 2.7 4N 1,151 i Aol
gare), Mav B to Aug. Loo.... R 97,6 15,7 528 47 1 116 ‘ 41
“ . (%) Y 44,0 47,2 al 1,072 ; S
ity 100, 4 46,4 5.0 40 1,16 ! RRA
Mean.. ... PR O ARt FO N R (R RRERREER IRETELR
1 CRITTTLT T ;
(e | 1000 3.2 60,7 0] L o7
White Hull-less, G. L. 384 (Hor- 68 140.2 5.2 3.3 37| LA ' ks
! . -y
deum vulgare), May 1310 July 69 114.2 48.2 61.1 42 1,268 ! 335
3 P SN il 7o 134.9 4.1 RN 33 1,650 ; HES
7 104. 6., 380 56. 8 36 1,404 543
72 124.8 42. 4 67,6 34 1,394 S92
i R
Y 30 3 WP T O E L EREEEEER R 1, 475 L0 5213
et 1105 1.6 04,7 48] 1,12 542
Beardless, G.-b 716 (Hordeum o '\4,'4 “‘\ 1‘)‘.4 ” ":H) o
vulgar Moy 13 o A | oIh 106, 2 48006 IAMY] 46| 1,2 5
gar), Ay 1 1o AR 2. I o7 8L 6 35.4 156 d0] 1,001 Lo
AR ! 0.0 33.9 3. 4 8] 1,098 S0
MO e eene e L e [ 1.210.4- 38 24419

’

WATER REQUIREMENT OF RYE AND BUCKWHEAT,

The determinations of the water requirements of rye and buckwheat
(see PL X, fig. 3) at Akron, Colo., in 1011 were limited to one variety
of each. The results are given in Table V1. TFrom the table it
appears that rye lias a surprisingly high water requirement, the ratio
of the water transpired to the dry matter produced being 72447,
or nearly 54 per cent more than for Kubanka wheat.  The grain
requirement 1s also “exceptionally high, the plants requiring 2,200
pounds of water for the production of 1 pound of grain.

If these patios are confirmed by subsequent. tests, the use of rycasa
soiling croffwould appear to e a very doubtful expedient i regions of
limited rainfallse Wheat, for example, would .produce. the same
amount of dry matter with the ‘expenditure of: only two-thirds the
amount of water required 1 _therease of ryc.. ‘Every 300 pounds of
rye produced per acre meat

acre means the

stbréd%_jfuinf all. -
The production of a maodersa mattér per .

L g iptie e Aos e g e S
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24 Lk WATER REQUIREMENT OF PLANTS.

through rains during the growing season.  The removal of 5 inches of
water would deplete the available stored moisture supply in the
average semiarid cultivated soil of the Great Plains, even after sum-

» mer fallowing for a season. It is doubtful, therefore, if rve should
be used as asoiking erop on land that is to be planted to a money crop
in regions of limited rainfall.  Its use should at least he confined to
the fall and early spring, when the water requirement, owing to the
cooler weather, is considerably  reduced.  (See “Alfalfa,” under
“Water requirement of legumes,” p. 29.)

Inthis connection it is interesting to consider the results obtained
by Von Seelhorst for rye and wheat at Gottingen, Germany. (1906,
1908.)  They are in practical agreement with our results, but Von
Seelhorst is inclined to favor rye as a soiling erop, notwithstanding its
higher water requirement, because its period of maximum consump-
tion of water comes so much earlier in the season than does that of
wheat.  This allows the accumulation of water in the soil before the
next crop is ready to use it. - While this would be un mportant con-
sideration in” a region of ample and well-distributed rainfall, in a
region such as the Great Plains the chief consideration is not when the F

water is removed but how much water is removed by the soiling crop.

Buckwheat gave 2 mean water requirement for the dry matter pro-
duced of 578 413, which ix about 23 per cent higher than Kubanka
wheat and intermediate between barley and oats. The water require-
ment of the grain in the case of buckwheat is, however., exeeptionally
low', being 13 per cent less than for Kubanka wheat and the lowest of
all the small grains measured except millet,

L . . . . . K
awre VDo Water requirement of vue and buckiheat af - Alror, Colo., in 1917,
; f Water requirement
; . 1ot b ; 1 ! huased on -
Wi . S e ‘ol ry Cator P
Plant and period of growth, No. | matfer. g Grain, : Water. Grain. | }
i : , ’ ‘ ' Grain,  'Dry miatter,
m-,i — _»*" —_— l - [
(irams. Kilos. | Pereent, i ’ )
b 8801 3.7 32 20242 : 7
86 89,0 69.5 | 3202 50 | Nl
Spring rve, 3L T3 (Sceale eor:- KT 80,2 Ha, N 31 2,200 ‘ 6496
wled, May 1310 Mg 5000 ) s { S ¢ { 320 2,000 713
[ — SN | 330 206N TR
o | N6 ! 36 | 1,481 : 700
‘ b S [ e
Mean. .o R SRRt U Ceveiinnn 225437 74T
! ! T = R R
D [ 3 ’ N AL TR 525
: . - { Gin 356
Buckwheat ( Fagopyrum fugn- :(:f, 1 13'7 : -,‘34’
purum), hane 10 to Sent, 16, l"b ; l; IV 507
©oH L O R )
- i -
Mean.. ..., il N N LRIKHE R X 578+ 13
Y 4.,,'_.. . : i ; S .
W
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WATER REQTJIRE.\I‘EA\'T OF CROPS IN POT CULTURES. 2

\\'.\TER REQUIREMENT OF ]'I‘}-‘I-'lil{k;.\'T VARIETIER OF CORN.

Three )'.lll\ll(‘\ nf mm (Zea mays) were included in the water-
requireme nt"?aee\p(nmvnh at Akron. Colo.. during the season of 1911,
(Table VIIA '\mth\wmtom Dent iz an carlv-maturing variety
grown (\tmmwlv in the northernpart of the Great Plains, where the
season iz rather short for maize.  Its water n‘quumnvnt was found
to be 368 210, Jowa Silvermine (PL V1. fig. 1) is a variety which is

vv popular in corn-growing States and has a vigorous habit of -
<'m\\rl with well-developed leaves.  Its water requirement was
120 +3. which is ¢considerably above that obtained for Northwestern
Dent. Neither of these varieties gave so'low a water requirement as
did Es }m inza. a drought-resistant Mexican variety introduced by
Mr. G. N Colling, of the Office of Crop Acelimatization and Adaptation
Investigations. This variety gave a water requirement of 31945,
which iz only about three-fourths of the water requirement of the
Jowa Silvermine.  Esperanza, however, produced no ears at Akron.
Owing to our failure to secure a good pollination of the cars. no sig-
nificance can be attached to the water xoq\m‘mnont for the produetion
of grain in the ease of the different varieties of corn tested.

A (umpan\(m of the results obtained with corn and sorghum shows
the surprising and important.fact that Esperanza corn produced dry
matter as cconomically as did Dwarf milo and white durra. - Fven the
large, luxuriant Iowa Silvermine required only 26 per cent more water
than the Dwarf milo, one of the most suceessful drought-resistant
crops of the southern Great Plains. It would seem from these results
that in corn we Have a wonderfully efficient plant, and that varieties
may be chosen which will (ump(tu.xlx((v»full_\ with plants of the
sorghum group as regards economy in the use of water.  Where corn
is grown far apart and with only one pl.mt in a hill, asis the practice in
dryv regions, and where the trmuml is kept free from weeds it 1s not
surprising that the rotation of fall wheat after corn has in many places
supplanted the rotation of fall \\hvnt after summer tillage.  While
during extremely dry vears grains give a greater money return when
UTOWN 0N summer- fallowed Jand. one vear with another, the money

return from the corn erop more than compensates for the lower grain
vield during the exceptionally dry gears.

o7au2—Bul. 284—13——4
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26  WATER REQUIREMENT OF PLANTS,

Tanve VI —Water requeirement of differen! varieties of corn at Alrom. Colo., in 1911. ‘

. R' .
| Water requirerent
ot Drv | hased on —
Plant and period of growth, No. | matter. Grain. Water. Grain. i :
Grain,  |Dry matter.
* Grams. | Grams. Kilos. | Percent.
109 179.0 72,8 55.2 41 - TAN 30N
110 3H 58. 6 640, 35 34 - 1,029 34N
Northwestern l)ont (Zea ma/v), | 111 154, 1 28.2 9875 Is 2,3 381
Mayv 24 Lo Aug. 2 qpree 16001 37.7 G1. 05 240 1,01 351
1113 151.8 25.38 61.45 17 1 2,420 405
{14 145.9 13.0 56,2 i 91 4,320 385
. ; i 1
Mean.......... Y T rEEr : 2,0404£342 | 368210
Towa - Silvermine (/m ma/-:),
\{.\y 24 to Sept. :
O

Mean........... N ..

Tsperanga, M. 65 (Zea mays),
May 1240 Septid ...

Mean.. .. .. ooieiia...

WATER REQUIREMENT OF DIFFERENT VARIETIES OF SORGHUM.

Five .varieties of sorghum (Andropogon sorghum) (Pls. VI to VIIT)
were tested as, 1'v(fuds their water uqunmmnls at Akron, Colo,, in
1911, The (l.mw arc given in detail in Table VIII. The \\.m‘r
requirement of* th(' five varictics, based on the dry matter, is as
follows: 3

Blackhull ka(u’ ............................................... 2785

Roed A bersorahum. o e e 208 - 4

< Brown kaoliang.. ... ................................... 3013
COWhite durra. . B 32142
S Dwarfmiloo ool B R S SN IR 33543

The ddaptation to dry-land conditions of this remarkable group
of fornge plants is well shown in their unusually low water require-
ment, which taken as a croup is well below all the other plants
tested, with the exceeption of Esperanza corn and millet.  The excel-
lent agrecment of the individual pot experiments iz shown by the
small probable error and justifies considerable confidence: in - the
results s indicating the relative water requirements of the different
varietics tested. - 1t would  therefore appear that Dwarf  milo
requires about 20 per cent more water than Blackhull kafir for an
equal dmount of dry matter.

The other varicties are intermediate, Red Amber sorghum requir-

ing about 7 per cent, Brown kaoliang & per cent, and White durra

15 per cent more water than the kafir.

9R4
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WATER REQUIREMEN‘T OF cﬁovs IN POT CULTURES. 27
The water u‘quuomonts “of thv hw aricties of sor *hum based upon
grain production is as follmv

Brown l\l-sllmz ......... PR Bt T 12
Bluckhull katiro..... [ P S 26
White durra.. ...t e [OG4 12
Dwarf milo.. L1232 57
Red \mbox wxuhum 1, b 202

It s of mtmvst to noto i this oomwctmn that Red Amber sor-
chum is not a wiin \owhum but is grown exelusively for forage.
Of the grain varietics tested i Brown kaollang requires the least water,
while Dwarf milo reqaives The finost, its water requirement being 55
per cent greater than that of the kaoliang.  White durra and Black-
hull kafir have practically the same water requirement—ahout 11
per cent higher than the kaoliang. It is probable that the water
1~quncm< nt based on grain is teo high in the case of Dwarf milo,
since some of the Ilm\ ers wmo \lwhtl\' damaged by a midge before
it was discovered amd: l\ﬂlvd‘

The group as a whole shows a remarkably low water requivement

whether based on dry matter oregn grain.  The sorghums most
officient in thie use of water consume, about 60 per cent of the water
rvqunod by Kubanka \\hont in the production of either dry matter
or graive

%,
Tante VIL--TWater srequireient of differrnt varieties of sorghum at Akron, Colo., in

1911
Water reqptirement
Pot Dryv based on -
pPlant and period of growth. \,‘(’) xm'l'trt}vr . Girain. Water. Grain. o
Grain,  {Dry matter,
(rrams. | Groms, Kilvs. | Pereent.
. ! 127 2705 44.2 R P 16 11,835 . 200
N W . 12% 303.1 N 9.7 il , 168 312
Red Amber, & 1.1 ;’“( An-l 7.9 RN ?(‘) 1);4)'4 o
drupm,mn vnrghum), v 1210 130 | 04l T o1 2 21 | 1,391 413
o : 300, . 04,2 ,32 a0
Beplodo.ooveninirneeiienes 131 3349 %3 989 32.1 " xo03 28
132 2T 0r.T 97.3 30 906 | 2095
1
MO oo oein i irenns . 1 ......... SRR SUUUUUUD IO 14044 202 | N4
| I = TR e (- U
182y 2w T0.9 755 31 l,()lu R
, i (0= 134 23Kk.1 44 R0 B 02 3
Duar milo, & 1 12070 G- |11 B0t s fa i3 l’;;u 20
drnpl)joll sorghum), May 12to i 15y 2494 | BNT &40 28 | 1,226 : e
Seplodu.eoceererinreres 1370 2hal 0 60 N33 25 | 1,322 331
138 25. 6 i 67,5 i K2 25 1 1,276 ] WD
Mean......... R o ; .......... ; .......... L.
139 1 310.0 i 108. 1 } 5.1
Blackhull kafir, §. I, L 2wis || 100 3382 1229 o
(A ndropogon mrghum), May § 142 i 240, (‘. i 0.9 870
12to Sept-3... ... S 143 3355 | 126. 2 88.2
! 33561 1202 96, 4
MOAN. . et eeeiieeee e ens i ......... i ..........
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L " WATER REQUIREMENT OF PLANTS.

¢

Tanrue VI - H/zm requirementlof different varietics of sorghum at Akron, Colo., in
1911--Continued.

o - Water rv({;uirmncn!
. : . Piry o . .. based on—-
Plant and period pf growth.. mat for tirain. Water, Girain.
‘< tindn.  {hry matter,
L |
Y - . 0 Grams. | Grams. Kilos. | Pereent. ‘

Co e Lo T e 202.8 1116 02,2 38 N26 3

s, 957 N ; : 7N 312

wite o, € Vi g || B mE W B

g{\")’{w?" w"//””")’ A AR I B BT S e al s 334

PLodeeecrnae e ol Bowol 124051 w04 40 79N 322

: ' 150 201.3 109. 2 04. 55 3% N6 324
) Mean............:..” ............ Lo w;imi 52122
MR - 151 297.3 119.2 5.1 00 T4 | 2w

e - ) - a9 =46 R

Brown l\ﬁnlnng' . 1. 24003 }’2 g‘;“f ]3?'(.’ L'.’"‘; .%: ;1'\‘ '.i';':

(. Ilu{ru/)ujun wrﬂmm), Muay 2 Sk o L e A

12 1o Sept. 6% - 154 2245 BRUIAS! G6.0 40 T30 205

PLAR e 155 263.2( 69| 772 M G0 243

156 20.3 105. 6 69.4 46 HnaT7 | 302
Mean.............. el STV EUURRETN IURRUUUE IR U T osan2 ! 30123

e e T o SN FEt U S S

\\’ATER REQUIRE.\!ENT OF DIFFERENT VARIETIES OF MILLET.

Millet, ]\’.l rpmfxrl\n])le plant with respect to cconomy in the use of
rater, both In the production of dry matter and of grain.  The two
rarieties tested at Akron, Colo., in 1911 (Table IX), namely, Kursk
and German, gave, respectively, n water requirement for the dry matter
]nmln(m! of 287 £2 and 263415, the Intter figure heing 1 per cont
less” than the water: requirement. of Kubanka wheat.  The water
-(\q“j;-(\mom of thie grain of Kursk millet was found to be 923+ 40,
which 1s 23 pm' cent Tess than for Kubanka wheat and the lowest of
any of the small-grains measured.  The ratios just given furnish an
aded juike ex )Emnlmn of the success of millet as a crop for semiarid
1‘05_:i<m-g~ Thg dimount, of swater required to produce a pound of rye
(dey m@tfer)y '\"&'m{l(l plmhuv 2} pounds of millet, and the same ratio
Jppllm o the grain as well. The water economy exereised by millet
in the production both of dry matter and of grain ix a fact of the

ereatest signiticance to farmers in regions of limited rainfall,

‘_1

Tante 1N, Water reqpiirement of different carictics of anillel ot Alron, Colo,, (n 1011,

; Water requirement
Mant i ¢ erow Pot Dry . S . hased on-
I'lant andd period of growth, No. | matfer, | tirain Water, Girain, '
Grain. - Dry matter,
S S

Grams. | Grams. Kilns. | Percent. i

157 1539. 7 45,5 47.3 at) 1. 040 206

: 158 200. 3 67.8 58.0 331 856 251

Kursk, S0 PUL 22420 (Chaeto- 1) 159 3.3 67.1 3l 916 Ryt

chiog irdica), May 12 to Aug. 0.1 160 47.5 53.2 2 1,120 29

161 s1.2 4. 6 36 TO8 N2

162 69. 9 6.6 35 \l() ! NG
Mean. oo e 923440 |
163 29.0].......... 1.5 | |
s 164 175,90 oL T B P !
German, S, PUT 20843 ( Chacto- |) 1685 T LS f
ching italica), May 12 to Aug. 21.7) 168 05,5 oo oL, 2.8 1

Mean

RS




WATER REQUIREMEZ\’T OF CROPS IN POT CULTURES. 29
WATER REQUIREMENT OF LEGUMES.

The legumes oceupy, an important position in dry-land agriculture,
both in regard to t]wn' value as forage crops and from the standpoint
of nitrogen fixation. _The three legumes which have been most used
in this connection are ,11 falfa, ot lucern, Canada field peas, and sweet
clover, and these species were t(‘xtvd at Akron, Colo., in 1911 as
regards their water requirement.” (Table X.)

The alfalfa made a \plon(hd growth In the pots and three cuttings
were made during tlw summer,, the first on July 19 (Pl IX, fig. 2),
the second on \optombcr 18 (Pl X. fig. 2), and the third on October
22 The first two .crops; attained their normal development, the
plants being in full ﬂm\\cr when the cuttings were made.  The third
cuttii¢g was made when e plants were about hall grown.  Consid-
erable differences are, of course, to be expected in tho water wquu'o
ment of a crop grown at different scasons of the year, owing to
changes in the climatic conditions. -~ This is well illustrated in the case
of the three crops of alf: 1lfu \\hlch gave the following walter require-
ment: - v

Alfalia: :
First crop, \f.\\ 13 to Tuly 190 i ve.. 1,008::26
Second erop. Jul\' 19 to September 180 oo [ HE R
“Third erop, \vpimnhu 18 to October 22 oo L H20 L9
Crops combined, May 1300 Octoher 22000 OGS L 16

The increase in the water wqum\mvnt of the second crop is doubt-
less to be attributed to the hot weather of the latter part of July and
of August, which came when thiz crop was making its most rapid
growth. The third crop showed = very material reduction in the
water requirement, due; 1)10sunmblx;to the cool weather of late Sep-
tember and of Octobdry:

The unusually high-water 1(\({1111('mont shown by alfalfa is not
promising for the success of this plant as a dry-land crop. Alfalfa is
far hicher in ifs water requirement than any of the other plants
tosted, being practically double that of wheat and the other small
erains. three ties that of corn, and four times that of millet and
sorchum. Too much emphasis should not, of course, be placed upon

the determinations until they have been supported by the results of

succeeding vears: hut, from the results of the O\ponm(\n(\ (hus far,
the writers question the practicability of growing alfalfa in regions of
limited rainfall, when forage erops like sorghum and millet are avail-
able, which will produce the same amount of «dry matter with one-
fourth the amount of water.

If the growing of alfalfa is to be attempted in regions of limited

rainfall, thesc experiments would indicate the advisability of o thin
stand in rows or hills, with clean cultivation, thus securing for cach

plant. the water supply of a relatively large soil mass. It would
24

R TR U G PSR ¥ 17



30 WATBER REQUIREMENT 0OF PLANTS.

appear that the crop could also be profitably limited to two cuttings,
one made in the spring and the other in the fall, keeping the top
crowth small during the summer through pasturage or mowing. By
following this procedure, the alfalfa would be growing most actively
at seasons of the year when the erop shows its lowest water require-
ment.  The writers are not aware that this plan has ever been given
a practical test. -, -

Sweet clover, owing to its adaptability and luxuriant habit of

csrowth, 1s at present bheing tested in a number of localities recarding
by ) o b b

.. W - e . . . .
s value as a dreyv-land efop.  While considered at first chiefly from
the standpoint of its value as a green manure, it has also recently

found considerable favor hs a hay crop, stock gradually acquiring o

A «, e . N . . . .
taste for it i spite of the coumarin which at first proves so oflensive.t

From cither standpoint the water requirement of sweet clover is an
important gonsideration to the dry-land farmer.  The experiments
with this plant at Akron in 1911 gave a water requirement for sweet
clover during the period from May 13 to July 19 of 675+£5 (PLIX,
fic. 1), This period is identieal with the period covered by the first
alfalfa erop and shows the water requirement of sweet clover to he
practically two-thirds that of alfalfa. A\ second crop (PL. X, fig. 1) of
sweet clover from the same roots grown from July 19 to September 21

Zave a water requirement of 793412, an inerease over the first crop

of IS per-cent, as compared with a corresponding inerease of 34 per
cent iy the case of the second alfalfa crop. The sweet-clover plants
failed (0" develop a third erop from the old roots.  The senson taken

“as awhole produced three crops of alfalfa with a water requirement

)

of 1,008 16 and two crops of sweet elover with a water requirement,
of 70049, Sweet clover required 39 per cent less water than alfalfa
for the productionof the same amount of dry matter. Inother words,
i pounds of sweet clover were produced with the same amount of
water reqiired to produce 1 pound of alfalfa.

The Canada field peaip 1911 gave a water requirement of 800 =17
for_ the period from. May. 13 to August 7. It is thus intermediate
between alfalfas and sweet elover in its wator requirement. Tt is not
strietly comparable with the results obtained with these two legumes,
dud¥o the different periods of growth.  Morcover, the peas, through
their recumbent habit of growth, were shaded to some extent by the
pots and by other plants, which would tend to give a water require-
ment below the true value.  From a comparison with the grain erops
it would appear that the water requirement of field peas on a basis of
the total dry matter produced is from 50 to 75 per cent greater than
that of the small arains.

! See Westgate, J. M., and Vinall, H. N., *“Sweet clover,” U, S Department of Agriculture,  armers’
Bulletin 485, 1912,

284




el ]
e R R aRar o ehl

< n - .
- (&3} ©
| 10! [o) 30
” o 5
N st
- ~—
™~ . fe2)
[0} . .ﬂlu
e ’ &
= a
a (\
- .
-— e
- =)}
9 -
- o -
- p [o It
(o207 - r . Tz 1
-5 " > 35
WW - _.. e B 1
. "D m 1 . . "l , Jm £
;- gz o=
» oo = . . oo
» i TRy o mu T
3 M w = . T F
; ~ I = b S
3 s F T b =k
. a4z = =z 5
< R . A ==
L PR zo !
- ZO el > =
o) i W.l |l\ . O -
} 3 o . i
4 e = $ . Qo=
S e o2 R e
[+8 . St g
g - L 5
; A b
. nlw N <
=
) vrl._ m
3 w o
7 3 @)
o L
; : p
1 . AIU
a” Wu c
: e
;




Fi. 1,—-SweeT CLOVER, GROWN JULY 19 TOo SEFTEMBER 21, 1911 (1SECOND AND

LasT Cropr: Puts 97 10 102

e Water pequiirenient, T3 1,

. . . .
R Fia. 2.
NZUeE Fegiirement, B 20 Seeond Crop pots Ut o 0h
' Bttt nse i phyvsiologioal experinnnt i not snehded,

GRIMM ALFALFA, GROWN JULY 19 TO SEPTEMEER R,

10171,

Pot ctis i nr to the oo bas s ot

i 5 o A e

* .
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e i et

T

Fia. 3.- -BUCKWHEAT, GROWN JUNE 10 7o SEFTEMBER 16, 1011 \POTS 173, AND

195 1O 106",

Water reguirenent,
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320 ' WATER REQUIREMENT OF PLANTS.
"7 WATER RFQLIIU MENT OF POTATOES AND SUGAR BEETS.

The Irish potuto in the 1911 experiments at Akron, Colo., gave a
water requirement 1)mctlcallv identical with that of Ixul)nnl\a wheat,
namely, 448411, (Table XI.) When calculated on the basis of
the -dry matter-in the tubers alone the water roqun'ement was
994 +£38:  The potatoes made a perfectly normal growth in the cans
-and ‘developed a fair crop of tubers of moderate size. (Pl XI, fig. 4.)

Experiments w1th the sugar beet gave a water requirement for this
~ plant of 377 48, or} when b(m\d upon the dry matter ol the root alone,
Cof 620418, These plants also developed normally, although the

' roots were of only moderate size. (Pl XI, fig. 5.) It is interesting
to note that this erop agrees very closely with corn in its water
requirement.

Potatoes and sugar beets have a comparatively low water require-
ment. As lnxustvd and sold they contain a high percentage of

“awater. The water requirement on the basis of the green weight of
tubers and roots is therefore especially low, being 166 +4 for pota-
toes and 11043 for sugar heets.

'l‘A srLi X1~ Water rcqmrcmcnt of potatocs and sugar beets at akron, Colo., in 1911,

i Water requirement
|- based on—
. N - Pot | Dry Tubers ot Tubers
[‘l‘”"‘ and period olgrowth. | 0 1 yirer | orroots, | VAT | or roots. i
. i : Tubers Dry
n ) . ‘ . Or Toots, ' matiter,
=t e e i B IR B 1 -
.- : SLframs. | Grams: Kilos. | I'ercent. :
e . 100 | 513800 74.0 6.2 LTI Y | 477
P'otato, Irish Cobbler (Solanum |f, }-:-']) };',;: ;:(3 (:‘\': j;: oy l\,.l‘:(') f ;\{\»
fuberosum), June lf)loﬁt‘l)t. 10.1) 150 ! 150 9 G0, % G, 14 ‘aiT 408
e 2 174 L6 5.7 FERN 2 sy ; 413
Mean S AU SNSRI IO SN | 44Nkl
: A | SRR s
' 17 153.6 80,7 3.0 RS ] ! 423
Sugar - beet,  Morrison - grown {.:.'7’ ;BQQ }%3 '..‘l".f ::‘: ':‘r\' ! 2';4‘
Kleinwanzieben ( Beta rulga- M ! o e I b
ris), e 10 o Sept. 19 178 181.1 108, 1 [INA) (LU 633 i A8
P 179 1.6 82.5 55. 4 SRDeTt o ol
' 180 185. 1 115.6 66, 8 62 5% L 360
1
— Lo
Mean. oo R R R ARRRRRLELE } (20 18 j 3Tk 8
I v

WATER REQUIREMENT O RAPE,

Rape, which is used somewhat in dry farming as a pasture crop,
was tested at Akron, Colo., for its water requirement during the
period from August 18 to October 17, 1911, The crop was sown fol-
lowing oats, without the addition of fertilizer, and it is possible that
the water requirement was somewhat incereased by the Iack of plant
food.  The water requirement obtained for this plant was 441412
(Table X1I), as compared with a water requirement of 1,450 for a
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Fic. 1.—AMARANTHUS RCTROCL‘-‘\J\ APiGweED", GROWN AUGUST B TO SEPTEMUER
15, 1911 ‘Potrs 7 To 12: FERTILIZED .

Water requivement, Uhi 8

" .
F1G. 2. —ANMARANTHUS GRAECIZANS, GROWN AUGUST 5 TO SEPTEMBER 15,
“Pots 31 TO 36°.

R Waler regs mum'lt 207 AL

Fig. 3.—SaLsoLa r[wwrn RUSSIAN THISTLE), GROWN JUNE 10 TO SEPTLMEIR G,
.. . 1911 PoTs 181 To 1360,

Water “me'vmvlrl, I N

Fig. 4.—Iniss CosaLEr PoT ,mu GRrOwWN JUNE 10 TO SepTemerr 19, 1911 (From
RoTS 169 1O 174

Water requirensent, durse ~l oidry mn(« Foot thers, e 0s aesed on total dry matter, s 5 11,

FIG 5. —MORRISON GROWN KLEINWANZLEBEN SJGAR BEETS, Gnow~ JUNE 10 TO
SEFTEVBER 19,1911 (FROM Pors 175 10 180).

Witter reqnirement, Tose oogpdry ;,mw s of Touls, 520 - 1 Lased o total dey mantte rouTT

S

T T T

-~

STt iyt
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WATER REQUIREMENT OF OROPS IN POT CULTURES. 33

. new crop of Grimm alfalfa grown following, barley during practically
the same period. It would therefore appear that the water require-
ment of rape is only about one-third that of a new crop of alfalfa.

N .'g

¢ . . .
TanLe X11.—Water requirement of rape at Akron. Colo.. in 1911.

Water
: i ) require-
. . ot Yy . X
Plant and period of growth. ‘ .l\?)t 5 111;&‘\0,._ i Water. {:im
i : | on dry
| “ matter,
; o i R
oo Grams. Kilos
S e sol 2Ly 152
4 38y 18,1 | 8.7 481
o bR - ° 3¢ 16.9 6.9 RN
Rape (Brassica aapus), Aui. 18 to Oct. 17, e : ii)l 1 ._‘7'.3 i 1._," 5 P
; 1 41 1.1 4.2 RN
a2t 145 | 6.95 470
. ] R o
I O R R \ ...... 1 ............ ' ............ EEART R

WATER REQUQRI‘;‘.\(?NT OF WEEDS AND NATIVE PLANTS.
. . i

Four plants which grow \\{iftout cultivation in eastern Colorado
“were used in the water-requitement cxperiments at Akron in 1911,
(Table X1I1.) Only one of these, Artemasia frigide (mountain sage)
is a true native plant. 7 It is abundant in}the northern and central
portion of the Great Plains. +The other three plants are among the
worst weed pests of this region. Two of; these, the Russian thistle
(PL. X1, fig. 3) and Amaranthus graccizans (P1. X1, fig. 2), are tumble-
weeds, while the third, 11‘171(I’."(I.’I.lill.‘ll..ﬂ‘ retroflexus (P1. XI,1ig. 1), 1s the
ordinary redroot or pigweed, @ comnion weed throughout the United
States. . .
The water requirement based upon the production of dry matter I8

here summarized: ’ = S
Artemisinfrightda. « ..o 765 424
Salsola pestifer....... e e, .‘ ........ [T 3364 D
Amaranthus retrofléxudgoutside). ... .. 0. P 356+ 4
Amaranthus retroflexug(feptilized). 1. ..o oo 2744 3
Amaranthus gm(‘ciz:msf.j U 277+ 4
Amaranthus gr:l('(‘iZ:lX\S'i({)!l1§jd(}).;:.‘,-,._. e 2T T

Artemisia grew fairly well, somewhat better than in the native sod.
Its water requirement is high——65 per cent higher than Kubanka
wheat and 157 per cent higher than Red Amber sorghum.  Only two
of the cultfted crops tested, alfalfa and Canada ficld pea, have a
higher water requirement. This is especially interesting, since Arte-
misia frigida from a morphological point of view would secem to be
admirably adapted to a dry country.. It isseovered with a dense
silvery pubescence, which pratect nd; wind. This
would tend to reduce:-the t lant grows
“slowly it fails to sh ‘~
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34 ' \VATDR I’TQUIREWIE’\T OF PILANTS,

From the s(‘m(lpmnt of water ceconomy the weeds are decidedly
cefficient.. For-an equal production of drv matter the Russian thistle
requires about thé same amount of wuter as Dwarf milo. Amaranthus
rdroflicis (udmnt) about the same quantity as Northwestern Dent
COTN. 1_n.1d Amaranthus (]r(t-(/cr(ms (a tumbleweed) about the same
quantity as Blackhull kafir.

Probably more waterds needlessly lost through the growth of these
a‘hd simjlar weeils than: from any other cause, W'hon soil moisture
is avails 11)1(' théy make w rapid and luxuriant growth, and the water
consumed by them s n comp]oto loss, except in so far as theyv con-
{ribute organic matter tQ the soil. Sorghum, corn, or millet could
take the place of th(\sv weeds with no greater consumption of soil
moisture,

One set of pots of Amam'n{/zus retroflesus was fertilized.  This set
showed clearly the effect of the additional amount of plant food,
especially nitrogen, the plants being unusually luxuriant (Pl X, |
fig. Lhand of a darl\-(rr(‘on color. The water requirenient of this set |
was 23 perocent lower than that of a similar but unfertilized set
grown,, in ‘soil .which had just produced a heavy crop of wheat
Alm(uunt/m.x- (/l(((’C’LP’(LIlS was used to cheek the effeet of the sholt(r

tyeIpon “the water requirement.  Six pots were grown in a freely
exposed position outside e shelter, and six inside the shelter.  The
(,\g,n .w!w :w'u\vﬂ u\ Lo tlwu‘ water requirement.

TABLE r-)\_,l'H: H'rr;cr r(’quu'rm(’ni, of weeds and nmative planis at Aklron. Colo., in 1917,

" L : { | ' |
¢ . f ! Water ? I Water |
) o ‘ require- ! I require-
Plantand period | 'ot . Dty | Water, nient Plantand periodt Pot . Dry Wager, | ment
of growth, Noo- matger.: ‘; hased of growth, Neo fmatter. VT Baced
A i ondry 1' : on dry
. Cot 0T matter, ‘ i matter.
2. -. ) | - {-" T - ‘ ‘ T e e
s Grams i Kilos, ‘ ‘ Grams. | Kilos,
i B TALE 3~ N 1T B | N T Y. 187 17,91 14.8 <7
\ﬂ“’i”l pestifer, 3 }:f X :_": 0 :8 s :f‘, P Artemisia  frigi- | }:‘, fj M f? g '7‘;;:
‘ te . L2 : : A sy . 31. .
Jutfe JodoRept o T 308 | s 341 ‘J;_"nj“.l’l" W08 00| 2] 14085 ! S
o RS 4. 4 a6 A4 . mepl. s IRRRR I §1) 30.2 0 2245 T3
186 167, 6 HERY 428 : i 192 Sy 39. 95 i
Mean. ool 36+ | Mean.... oo TEA
ST f ; " PR
R . | | I [
. C oren L 96,0 33,7 351 i} Amaranthus re- | T o133.4 37. 0 nT
Amatinihus re 2 69| 170 | troflexus, Aug. i 8| w0 20 | 2
5 o Sept 5 31oT22d o Yo hto Sept. 154 9] 134.6.1 367 73
Coutside’ e 41 6651 2.5 o (inside the ) 10| 136,47 36.8 270
<P\Pli(‘r) 5 8.9 1 35.1 . shelter), ferti- 3] 116. 8 $0. 9 265
) AR i 6 SR0 0 A5 lized.......... 120 1287 340, 264
| ! .
Mean.. ... ' :
Amaranthus!
;.,r-wcuuum Augs
5 1o Sept. 18
(instde
~hvlu-r) ...... Qs
. an.
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! . WATER REQUIREMEX NT OF CROPS IN POT CULTURES, 35
AR
E WATER REQU“H".!LENT OF CROI‘S GROWN OUT OF SEASON.
| '

After the first_crop of small’ grains was removed from the cans at
Akron, Colo.. in 1911, some of the pots wete planted to a second crop.
The results obtained from this second dlop when the plants were
vrown out of their normal season are gaven in Table XTV.  None
of these plants reached maturity and the amount of dey matter
harvested was small. The water requitenient of alfalfa was 36 per
cent more and that. of sweep clover 84 per cent more than for the
normal crop. Barley and wheat were 3 and 8 per cent higher than
when grown in scason.  Canada field: peas, oats, and spring rye had a
much lower water 10quuvmont ghan when grown in season, the
decrease being 20 per cent for'Canada field peas, 26 per cent for oats.
and 33 per cent for \‘})111‘0 rve. The lower water requirement of these
plants is of interest, sinee thm‘ are what might be ealled cool-weather
crops and make a better growth under this condition than do other
crops less adapted to cool weathers The results suggest that during
late fall and early spring, rve, oats; and Canada field peas are exeep-
tionally eflicient plants, giving a lﬁe‘rgo amount of growth in propor- :
tion to the water consumed.and that during the warmer portion of the :
vear they are relativety ineflicient. - |

TapLe NIV Water requirement of crops grown out of season al Akro» Colo. i 1911
y TOPS {f 1o

Water i Witer ‘
. requires . e vire- ;
Plant and poriod Pot ‘]“)2;_ W tor, |, ment, FPlant amd period | Pot l,:,';? Wat i ngont 51
of growth. No. te ML hased oh ofgrowth, No. ’1 - T hased on !
e ler Cdry mat- ! . er. dry - "
ter, o B | fer,
. 1 ’ ! \
. L Do ORI, (R . ’
Grams. | K ilos. ‘ Grams.| Kilos. ‘
25 [T I8 520 U cvennt ol . 74 .6 | 60.85 | 1,364 :
Wheat, Ku-|| 26| we| 7.1 ews et ‘.l"f,';.r,l(‘:\' mlos2o| eno it *
banka (G. L |] 27 ] 1| 7.8 T Al M B O B T I
1440y, Aug, 0] 2N 0.1 &3 457 I pue-dtoOctoflao b gg gl a2 | 1w
to Oet.22.... ., 29 4.8 | ..6.05 400 : AR A 78 15. 8 H2.2 1,158
R 3 . :
s Mean...o o VL3063 ;
Mean. .. ... ..o ]ooavoids L. )())i 27 [ e, i Lo ¢
) e - S 671 5.4 5205 | 1,470
55| 25011 10005 ;01 A Alfalfa, Grimm, 68 0 206 0880 | 1,376
Oats, Sixty-Day [ 561 0.3 15K 52 H(8, P 25695), 6O 2004 | 4155 | 1,413
(GLUL6D), A, in 3.6 ~14.2 418 . : \ll}.: i to Oct. 70 216 33.2 1,469
6toOct 22 ... 58 324 15. 15 468 1 S S A 71 2005 46. 1 1,563
549 205 o4 137 . : :- 7 33.3 46,095 | 1,410
Mean...... C AN Mean. . oo Al
r an 1n
Canada fleld pea }8: ;'; (l, 28 .
Barley. Beldi (G. B e e, i s b a1 | R

to Oct. 20l (3 o 00 e

)

5

I. 180y, Aug. 3 Aug.9'to Octs et Yy s
6

2}

().“)i l |

Mean......

Ryve, spring (G,
1.°73). Aug. 9

to Oct. 22..... ¢




36 WATER REQUIREMENT OF PLANTS.

']ABL \IV~Watpr requirément of crops grown out of season at Akron. Colo.. in
1911—Continued.

-8

. . L
ve. . C e
' SUMMARY OF MEANS,
.. _F_.,-‘ N o
i Water ' Water
: L L require- | | require-
POT i of Pot | ment Period of | Pot ment,
Crop. “gRowth.. Nos. ! hased on Crop. growth, | Nosx. | based on
' o i dry mat- i ’dry mat-
el : . : ter. ; I ter,
A : o { I
Wheat, ku; ,\ﬁg.'agpct.?zi;i.’ : 505427 |l Rye, spring..... AU 9-0ct. 22 8590 | 472112
banka ((. LI Tk Alfalfa, Grimm | Aug. 3<Oct, 22 POT-72 1 1 4504 19
1440). i -7 il Sweetelover.... Aug. 3-Oct, 220 THTN 1300 4 31
Ola ts, Sixty- | Aug. 16-Oct, - 4150211 | Canada field | Aug. .0, 92 Hm-m\ G36 & 14
day.. 22, : g i pea. :
Barley,  Beldi.} Aug. SOct22] 61-66 558+ 13 i
. - !

e

SUMMARY OF \\'.-\']‘ER-REQUHH"\[l"\'T MEASUREMENTS IN- COLORADO, 1911,

Table XV shows’ that the water requirement of different varieties
of the same crop diffeis but little as compared with the variation in
the water requirement ol different cr ops.  The water requirement of
the most, efficient vnn(*tv 1s 88 per cent of that of the least efficient,
in the case of wheat; outq 94 per cent; barley, 97 per cent: millet,
92 per cent; corn, 1() ])(‘1 cent; and cnrtrhum, S4 per cent.

A summary of tho witer loqun(‘m(\nt of the different crops grown
at Akron, Colo.,-in 1911 is given in Table XV. In ses where
several varictics <)f the same crop have been tested, the mean water
requirement; of the: different varteties is given; and where several
cuttings were. made during the season, as with alfalfa and sweet
clover, the mean. fof the season is given. It will be seen that wheat
oceupies acentripl, ]msltmn in this series, falling next to barley Lhc

ater requirement of which is very 110:11!\' the geometric meun of
Lh(\ hnuts of the series. : °

Fanie ‘\\ »»»»»» .\mn'mur]/ of the wrater requirement o crops grown al Akron; Colo., in 1911,

o

Ahe | . " ! Water requirement }
E ’ I ! | based on i
Crop. * . ! Period of growth, - ot Nos. ’ ‘ Remarks.
" ’ Girain, l)r\ matter.|
‘\'l ' AN . | '

wat; . ; 904 |
RO ) 1\! W I3 to Aug, 200 1-6, 199-204 | 1, 190 4 14 4684 N
Kubanka, ..o oo .. ,‘ a0 71 [L 1IS£36 4-"-’:“ Fertilized,
Bluestem.. ... e UMay 13 0 Aug. 7. I3-18 [ L7is6x60 . 531%
Gulgnlos. ... o L., May 13 to Aug. 1., 19-24 ' L2454 13 -1%1:4
Spring Ghirka, : May 13 to Aug. 4. 3530 | L3824 43 643
Emmer. oo o do ........... NE TO=84 L 180442 M

L Oats: t g S :

s hl\t\ Day . . ! b1 ..wf.m: L T
Canadian.. ... v ¥ l,.i _ i R L - B R | L N4
urt Ly ~ do , ‘ Y £ 500; A

Swedish Selee PRNENS ¢ : 40n54 HB5 4 B10ET -
Barley: . g P A s

l!ann(‘hon ..... 205 1\“

Beldi.... S8

White “l «475&4(’ [ UR ¥ L . )

Beardloss. . 1.2104:.88" 944£9
]\\0 L o R

\pring ; P




- WATER REQUIBEMENT OF CROPS I\" POT CULTURES.

TapLeE XV.—Summary of the water r('qmr(mmf
1917—Continuec

Crop.

Period of growt.i]."“

1

* pot Nos.

£y

Water requircment
based on—

Millet:

[§705 1111 + WA
Buekwheat. ..o ...
Corn:

Northwestern Dent . ...

Iowa Silvermine........

Esperanza..............
Sorghum:

Red Amber............

Dwarfmilo............:

Blackhull kafir.........

Whitedurm............

Brown k.u)h.\ng ........
Alfalfa:

rimm. ...l

Sugar beet:
Morrison - grown Klein-
wanzleben. ...........

Canada field pea..........
Rape....oooiiiiiiiian.

Sweetclover. . ... ... ...

Potato:
Irish Cobbler...........

Amaranthus retrofiexus. ..

Amaranthus graecizans. . ..
.1 June 10 to Sept. 21 ¢

Artemisia frigida. ... .....
Salsola pestifer...........

I May 24 to Aug. 2

.| May 24 to Sept. 4
| May 12 to Aug. o1

4 May 12 to %opt 3..
1 May 1210 \opt 5..

May 13 to July 19..
July 19 to Sept. 18.
“1Sept. 18 to Oct, 22,

July 19 to Sept. 21.

{\Ln 13 to July 19..

.| June 10 to Sept. 6.

.4 May 12to Aug. 9..
.| May 12 to Aug. 21.
| June 10 to Sept. 16.

.| May 12 to Sept. 4.

1 May 12 to Sept. 6.

May 13 to Oct, 22..
}Juno 10 to Sept. 19,

| May 13 to Ang. 7.°
. Aug. 1810 Oct 170

May 13to Sept. 21,

.| June 10 to Sept. 19,

Aug. 5 to %-a'. 130 s

37

of crops grown at Akron, Colo., in

{

Remarks.

3 i » Grain. |Dry matter.
‘{_ e
157-162 | 923440 987 492
163-168 i...ooinnnnn 2034+ 15
103-196, 173 | 1,087 £33 FTNELS
100-11% | 2,0404:340 3684 10
ME=120 |0 oasnennns £2013
121-196 1 2915
127132 | 1,494:£200 208 4: 4
N 1R3-138 |1 123457 W3
130-144 | S03E26 TR
145-150 | so6x 12 3232
151-156 | 726£12 30143
G106 |oveneiannnnn 1,008+ 26
O-00 {vneinennen 1,354 372
OR96 |..oiiii.. 52049
IR S 1,008+ 16
{l 620418 3T 8
175-180 '1
| MO+ fooeeeeneanns
103-108 | 800417
3742 ... A 12
97102 | 67545
97102 1 : a3 12
97-1e R REEE T LY
I ongpas - 448411
169-172,174 |
1ot |
foo16 A6 g4
o T-12 ki
3136
Sy TU-84
BRI ATCE .
[ LASI-IS86 33645

Combined for sen-
son.

Based on dry mat-
ter and dry roots,

Based on green
roots,

Combined for sea-
sSOn,

Basged on dry maot-
ter and dry tu-
bers,

Based on green to-
bers.

Outside theshelter.

Fertilized.

Inside the shelter.

Outside theshelter,

L4

.A i ) “‘_ ) .~' ;4‘ N
SUMMARY OF WATER REQUIREMENT OF CROPS B‘As%l.) Umm«g‘rm: MEANS OF DIFFERENT VARIETIES,

Crop.

Alfalfa.......oooiins 1
Canada field pea.......... )

Artemisia (native)..... ...
Springrye... ... ...
Sweetclover..............
[ F Y A O P
Buckwheat.. . ...........
Barley

143 ["Sugar beet |

. Relative
b ognA water re-
(\‘\1 ;l‘_ff;; ot | quirement
1 ‘| compared
o 1with wheat.
- ‘;‘" JEO
l 068 211 {| Wheat
K00 158 || Potato
765 151 || Rape
724
709 140 || Corn
614. 122 1| Weods...
5787 114 |{ Sorghum
539

)
1

i

[ Water re-
quirement,

Crop.

106 ) Millet. ..o oovvennonnnnt

Relative
water re-
quirement
compared
with whaeat,

ein 100
448 KK
441 K7
377 74
3649 74
322 63
306 60
275 5

Millet, sorghum, and corn have

a water requirement ranging from

275 to 310 the small grains from 510 to 700, and the legumes from

710 to 1,070.

best o'rowth during hot, dry weather.

Sorghum and corn are long-season crops, makuw their
The small graing are

short-

scason crops, which grow well during cool wcathor. Notwithstand-
ing these facts, the water requirement of the small grains is higher
than that of sorghum and corn.
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38 - WATER; REQUIREMENT OF PLANTS

~ Of the erops’ which produce grain, millet and sorchum consume
about one-half the amount of water required by oats, barley, and
wheat for the. productlorr of an equal qu.mtlt\ of dry matter.

Forage erops cover- the whole range in water requirement, millet
producing almost foursfimes as much dry matter with the same
amount of water-ag alfalfa, three times as much as spring rve, and
two and one-half tlmoq as muc-h as sweet clover.

The water requirément of the introduced weeds is comparatively
low, while the native plant Artemisia frigida has a relatively high
wn’ror requirement.

The water requirement of millet and sorghum based on grain pro-
duction is about onc-half that of oats and about two-thirds that of
wheat and bmlm SN

DETERMINATION OF 'I‘I-IE WATER REQUIREMENT OF CROPS IN
- THE FIELD.

The determination o the water 1(*qun'(\nwnt of crops growing in
the field under normal eonditions is attended with a good deal of
uncertainty, owing to the fact that the evaporation from the soil
surface is not known.  The actual change in the soil-moisture content
during the experiment:-can be measured, and the probable error of
these ‘measurements can be ('nlculnt('d but  these measurements
necessarily: include the cvaporation from the soil surfac e, which should
not, of course, bv chargéd: Lo the water requirement. of the plant under
m\(\sil(r:mb}a " A second element, of uncert alnty arises in conneetion
with Ahe pu‘('lpltntmn AThe total precipitation during the growth
pmmd is usunl‘ly 111(‘111(1(\1] in the determination of the water require-
ment. - It s évident thatythis may give values which are entire v too
igh, parvcularly in regions of torrential rainfall, owing to the run-off
.\\hl(h occurs during .suo].l rains.  The writers have endeavored to
avoid this errot in their field measurements by making daily determi-
nutions of thisoil-meisture content and (hzu'mlw to the erop only that
portion of the'rainfall which actually penetrates the soil, as shown by
the differences in the daily soil-moisture determinations before and
after cach miin.  This w ill be referred {o in more detail later.

WATER I{]<Ql IREMENT OF KUBANKA WHEAT GROWN UNDER FIELD
COND]TIONS IN COLORADO.

"l& . FIELD E.\PFR!ME.\TN IN 1910,

n, Co e '.on(htxonq wmo not pnm('u—
lmlv fnromblo owmv to thulad\ of,. umfm'm distribution: of the

ngm‘stmc in the soil; usis often the case m regions of limited rainfall.
234
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WATER RF‘QUIREMF\’T OF CﬁOPS IN THE FIELD, 39

The initial moisture; content was determmed to a depth of 6 feet by a
series of samples t.xl\en om. six*consecutive days during the per iod of
germination, each sample corisisting of a composite of three cores,
These s samples were taken in 1 -fopt sections with a soil-sampling tube,
and the moisture content of the ‘different sections was determined
qep.uutolv for the puxpoqe of checkmo‘ their uniformity. A similar
series of daily determinations was taken during the six (l.w immedi-
ately plewdlno harvest. "The crop. &t this time showed a lack of

uniformity, owing to the inequality of the moisture supply in differ-

ent parts of the plnt Ench daily determination was therefore made
in triplicate, one sample being taken in the best wheat, a second in
wheat of medium quality, and the third in the poorest wheat. Tach
sample consisted of 'threeycores, as before. The average moisture
content of these 18 snmplés oach simple consisting of tlnoo cores
extending to a depth of 6 feet, sWas taken to represent the final mois-
ture content of the soil. : -

The season of 1910 was e\ce‘f)tlonnlly dry, the total preeipitation
during the interval between" ‘the initial and final sampling amounting
to (mly 1.09 inches. This was c]ueﬂy (umﬁncd to three rains of 0.31,
0.30, and 0.38 of an inch.  The increase in soil-moisture content, as
shown by the difference in; thc daily samples taken immediately pre-
ceding and following each rain, was added to the loss of water repre-
sented by the (hﬂexence between the initial and final soil-moisture
determinations. The total:represents the amount of water used by
the erop expressed as-a pereentage of the dry weight of the soil. - The
apparent specific: gravity or weight of the soil per unit volume was
determined from a large number of sumples, and from this the amount
of water lost per unit aren was caleulated.

The amount of dry matter on the unit area was determined by har-
vesting three quadrates of grain, each 10 square yards in area, one
being chosen from the best wheat, one from wheat of medium
quality, and one from the poorest. Imu h sample was dried at 110° C.
and the total dry weight and the weight of the grain determined.
The mean of the three “leterminations in ench case was taken to rep-
resent the av Li;;wo production of dry matter and grain on the plat.

From these determinations the following dntn were obtained for
Kubanka wheat under field conditions in 1910:

Water requirement, dry matter. ... i H70
Water requirement, grRil. ... ooouio i aaia e aaan 1. 900
Dry matter produced Per acre.........cooeeicieaer.ann pounds 2,315
Grain produced per acre (11.7 bushels)........... o iiin do.... 700
Water used pBracre.......ooooeiiieinaiinns cldieeediecnenntons. 615

..inches..

Rainfall equivglent of water used .
. .do. Sk

Actual rainfall during perlod. .
Stored precipitation............. SRR
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40 WATER REQUIREMENT OF PLANTS.

In conneetion with thg’stored precipitation it should be stated that
heavy rains, wmnountingtin all to about 5 inches, occurred early in
“ the season, before and soén after the crop was planted and before the
initial moisture determinations were made. The stored precipita-
tion should not therefore b$e considered as having all been carried over
from the preceding fall."

* 7 FIELD EXPERIMENTS TN 1911.

*

A similar series’ of determinations was also carried on with
Kubanka wheat.during the season of 1911 In this work duplicate
samples were, taken every second day to a depth of 6 feet in 1-foot
sections, each sample consisting of a composite of two cores. The
wheat was-grown on summer-fallowed land, but owing to the drought
of the preceding season the initinl water supply was limited, and while
the precipitation during the growing period considerably exceeded
that of the preceding year the yield was less. The precipitation
during the growing season amounted to 3.7 inches, which came
mainly in five rains of 0.92, 0.72, 0.64, 0.76, and 0.35 of an inch.
Owing to the dry weather, the Russian thistle made a considerable
growth on the .plat Before the wheat shaded the ground. The
Russiarr thistle on the quadrate harvested was also cut and welghed,
and a-correction was made for the amount of water used by this
plant, assuming its water requirement to he the same as that found
in our pot, experitments.  The total rainfull during the growing period,

. accounted for by the soil-moisture determinations made before and

“rafter cach rainfall, amounted to 3.15 inches.

. A statement, wof the water requirement and other data connected
-7 with the, production of. thé 1911 Kubanka wheat crop under field

conditiguss foHows

\\':Lt,or.ré*;}giii'ri\,_inf(\ir‘n,..‘. drymatter. ... 862
Water requireinenity gmin,. ... T 2,380
Dry matter produced POracre. ... pounds.. 1,763
Grivin produced per acre (10.7 bushels). .. .. ceiieeedol L 615
Water used peraere.......... T tons.. 761
Rainfall equivalent, of water used........ o oo L. inches. . 6.7
; R;Li:.‘t;{z-}l:lj accounted for from daily sampling......... .. .do.. . 315
Stored:precipitation........... T do.... 3.55

The water requirement of wheat grown under field conditions
in 1911 is.much higher than that obtained from the pot experiments
or under field conditions during 1910. The writers are inclined
to the opinion that this discrepancy is due to the assumption that
"the seasonal rainfall, or particularly that part of it which pene-
trates the soil, is as available to the crop as that already stored in
the ground. Grops like wheat reduce the moisture content of the
surface foot of s0il to the wilting coeflicient (Briggs and Shantz,
1912), or below, during the early stages of their growth. If during
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WATER REQUIREMENT OF CROPS IN THE FIELD. 41

this period rains do not replenish the moisture supply of the surface
foot, the roots in this area soon becpme inactive. Consequently,
subsequent rains which do not penetrate beyond the surface foot
appear to be of much less- value than an:equal amount of water in
the neighborhood of the active roots,”owing to the fact that the
water from’ the rain is largely lost through evaporation before the
plants can establish new rootlets to take advantage of this temporary
water supply. That a condition of tltis kind exists in the Great
Plains is indicated by the fact that the water requirement of the
wheat crops of 1910 and 1911, when the seasonal precipitation is
ienored, agrees within the limits of experimental error with each
other and with the water requirement of Kubanka wheat as deter-
mined in the pot experiments.- The comparison may be made from
the data given in Table XVIL

TasLe XVI.—Comparison of the water requirement of Kubanka wheat crops grown
under field conditions and-in pots. at Akron. Colo.

Walter requirement-—

Including rainfall Exeluding rainfall

Class of cxpcpments. during growth— during growth—

. Based on' | Based on | Based on | Rased on

N Jdry matter.]  grain. dry matter., grain,
— Y - i
Field experiment, 1910, ......... ... ... e I [ ST 2,315 486 ? 1, 780
Field experiment, t911........; et el 862 2, 380 466 | 1,604
Potexperiment, 1911, ol b I DO 46848 1, 196415

DETERMINATION OF "\\'AILABLE I’RI:ICI“I_’I'I‘A'I'I()N BY DAILY SOIL
' SAMPLING.

It is of interest to compare the increase in soil-moisture content
found by sampling in the experiments just described with the
actual rainfall as measured -by the rain gauge. The results for
the principal rains which occurred during the growing seasons of
the two years are given in Table XVII. Tor convenience in com-
parison, the increase in soil moisture has: been expressed in terms
of inches of rainfall. The penetration refers to the thickness of the
layer of moist soil at the time of the first sampling following the rain.

TasrLe XVIL.—Comparison of the amount of rainfall with the increase in soil waler as
determined by daily sampling at Akron, Colo., in 1910 and 1911.

Precipitation— ) ) Precipitation—
D lf)cpth Date Depth
ate. . > of pene- ate. ] - of pene-
Found e : Found ;
Actual. by - tration. . Actual, b tration,
‘}sampling. ' irampling.

1910. Inches. -} Inches. - Inches. | Inches.
June24.............. 0.31 | 0.36 |- L0, L.
July L.ooooiieiinnn. 230 B4k LR 6.5
July 4ot w8 18 ) 5.0

: Ll 53 4.5
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42 - WATER REQUIREMENT OF PLANTS,

I 1910, samples were taken daily and each determination is
based upon the mean of nine ¢ores. In 1911, samples were taken
every second day, four cores being used in each determination.
When rain fell, additional samples were taken as soon as the rain had
ceased. The measurefnents in Table XVII serve to give an idea of the
accuracy which was attained by this method. No heavy torrential
ains oceurred in either year during the growing period, so that the
determinations did not include measurements made under the most
unfavorable conditions for the absorption of the rainfall. Although
the daily samples need to'be taken only to a depth of 2 {eet for the pur-
pose of determining the-amount of rainfall which has been absorbed,
it i1s necessary to inch};de a number of cores in each determination
to-insure a reliable value, and the determinations represent in the
aggregate considerable swork., In regions free from torrential rains
or where the measuremeénts can be earried on during the dry season
it appears practicable from the results in Table XVII to restrict the
measurements to. the initial and final determinations and to add to
the water lost, as calculated by these measurements, the Intervening
rainfall as measured by the rain gauge. In regions of torrential
ramns, hoWevcr, this procedure would be attended with great uncer-
tainty, dwe_to. the run-off and to rain-gauge errors, so under such cir-
cumstances the writers believe daily sampling or sampling CVOrY 8ee-
ond day, with additional sampling following cach rain, to he necessary.,
Even this method probably gives a water requirement which is
somewhat. high,-due to the fact that plant roots in the more advanced
stages of growth are often inactive in the first, 6 inches of the surface
soil, which in dry periods is the only portion moistened except by the
heaviest rains. o

The daidy MBisture curves for 1910 and 1911 give no indication that
the rains penetrated the second foot. Wkhile the number of determi-
nations is too small to waitant definite conclusions on this subject, the
experimehts so far indicate strongly that rains of even 0.6 and 0.8
vl are of little value to a wheat crop in the Great Plains, provided
the preceding weather has been so dry that the plants have exhausted
all ayailable water to a depth of a foot or more, so that all the active
rootlets are confined to lower depths.

WATER REQUIREMENT AS AFFECTED BY CLIMATIC CONDITIONS.

The.variation in the water requirement of a given crop in a given
locality from year to year may be looked upon as a measure of the
intefrated result of the climatic factors which are constantly varving
during the period of growth. In attempting to effect a correlation
between the water requirement and the mtensity of the climatic
factors as expressed by daily nmeasurement, one 1s at once confronted
with the difliculty arising from the fact that the plant during a

. 254




) Ll
B
£
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-

large part of its growing period i\* stcziiiilv incereasing in size and
weight.  As a 1e\ult severe climatie conditions have a fm less milu-
cnce upon the water requir omout in the ecarly stages of growth, when
the leaf area is small, than duxm(r the pcnod ‘when the crop s du‘olop-
ing dry matter most rapidly. I‘lwrefore., in order to make an effec-

tive comparison of the water requirement "wnh climatic conditions it
i= necessary to weigh the climatic-factors at various stages of the
arowth of the crop, according to the dry welght of the crop at these
chosen stages. '

A summary of the climatic condltmns prev:ulm(r at ecach station
in the Great Plains where water-requirement experiments were made
in 1910 and 1911 is given in Table XVIIL.}; The daily measurements
are summarized in o-day%pm iods, and. the table shows the average
daily temperature during this' period, the mean of the maximum
temperatures, the mean of the minimum temperatures, and the
extreme temperatures during the period; the total rainfall and the
total evaporation from a free water surface, as well as the average
wind velocity, are also given.

"$

TaBLE \VIH —Climatic da(ajor Akron, Colo and Dathart, Tex., in 1911,

Unsnu ATIONS AT ARRON, (()l()

| .
Date. i : o Xir temperature (°F.).
{ .
N \&)‘:I“ x - Wind
| ’ tem- - | Average— lt‘r(t‘(_-lpl- Evapo-|velocity
| . e K a . ation. r
Montn, | haws (in-] per- , | Maxi- | Minj. | BHOR-ration- | B
[ clusive). . of :Urmu\-‘()rmm mum. | mum,
: : © o jmeans. | ima. ima.
t { -l .
! . ! i Inches. | Inches. | Miles.
1tod G4 | 29 1. 97 24 0.16 0.8 8
6to 10 | 59 ! 215 - 67 6] 0 KA 8.8
April Hitols | AT 23T 6 19 0 i 7.0
AP e W ta 20 (0 5k S .7 29 W 25 | Trace. 1.12 7.7
Ao L@l ESY e SL 62 30 | sl 30 1.74 1.02 10.8
2030 g W53 L4900 62 36 -0 75 20 .73 .62 1.6
: Ttod e 4] 550 340768 28 .03 S 0. 4
| votg 6] 60 76 43| 87 30 .04 1.17 8.5
May 1 Mt l5 1 66 64 . S0, 45 S4 35 1 Trace. 152 10.2
Rt A to20 4. 65} . 58 5 76| 42 91 36 .16 1.72 1.4
20to 25 654 . 6419 R 45 a1 34 0 1.47 K9
26t 31 | 64 ! 59 73 47 85 36 L0201 LU0 0.7
1 ! . ; L
'1 1to5 | 74 ! 70 87 % 50 90 47 | T'race. 1.68 R.2
610 10 75 69 * 88| 49. 03 43 | Trace. 1.64 7.3
June Tllto1si = 991 70 | 90 ! T 06 45 Nirf 1.62 5.9
-------------- 16 to 20 72 67 78 34 90 48 .65 1.30 K0
211025 81 73, 91 | 55 92 51 .66 1.67 6.3
’ 26t030 | - U 73 092 : 58 98 50 .10 1.85 8.5
1tos ; 80 1 r SUE T 57 93 54 .12 1.70 7.8
1 6tolGy 84 73 90 56 04 46 .01 1.72 7.3
Julv ) 11 to 1% &1 . 70| R6 l 56 93 54 W77 1.69 7.5
Voorosrrmorennns i} 161020 7504 670 80| 55 86 53 440 RRT 6.4
4211025 ™ 68 84 | 52 92 1 0 1.69 7.3
H2oto3l 1 - S3. T8 90 | 36 95 49 | Trace. | 2,09 6.4

! These data form a part of the climatic measurements made in cooperation with the Oflice of Dry-Luand
Agriculture, Bureau of Plant Industry, at each of the dry-land stations.
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44 L " WATELR REQUIREMENT OF PLANTS.

Tapriz XVIIL.—Climatic d&fixfor Akron, Colo., and Dalhart, Tex., in 1911—Continued.

e
JOBSERVATIONS AT AKRON, CoLo.—Continued.
! , -

Date. , = Alr temperature (°F.). i
. . Lo e
. | {em- Average— i ,Procipi- Evapo- velocity
B PR " Maxi- | Mini- | tation. | ration. | per
. . Days (in- Peras oo oo i 1
Month,’ Jusive). | ture. : P mum. | mum. | . hour.
' clusive). Of Ofmax-{ Ofmin-' :
ce |- . means. | ima. | ima. ;
EVE O |
| | i
AT — °K, i Inches. | Inches. | Miles.
A 1t03 .75 67 &7 a3 91 48 .29 1.02 10. 1
o RALBUES 83 74 91 57 99 49 .82 1,87 i 7.4
"4 11tod5. |- 80 74 89 61 96 56 .19 1.35 § 5.9
16 t0 20 83 73 92 58 97 53 0 1.50 ¢ 7.6
2to25 . 71 61 74 48 84 41 | Trace. 1.39 ¢ 9.6
.26 to 31 73 67 85 50 94 45 0 1.80 ¢ 8.3
M 1 to b R 67 86 53 34 49 .75 .63 7.4
o “'1'1; tto }Q' T 4 79 52 7 49 6] Lo4 6.9
o . . L0 15 L 75 70 86 bY 05 52 12 1,27 3.8
Septentber....2... 610204 % 59 75 a4 86 0 0 s w9
211025 |« 67 61 80 44 88 36 0 1.00 6.0
201030 | - 66 61 76 49 85 45 W37 - 80 6.8
OBSERVATIONS AT DALHART, TEX.
105 54 54 72 41 84 33 0.06 , 104 9.5
: ) 61010 53 49 63 36 76 30 0 1.24 . 10,7
April 1t to 15 57 50 66 33 79 251 0 1. 45 9.2
AP e 16 te 20 60 a7 74 40 82 33 0 145 8.4
. 20t 25 1 © 58 55 65 45 81 43 .42 R0 9.7
26 10 30 61 57 74 43 83 30 L1 1.59 118
1105 62 55 70 47 8 36 0 1.03 10.9
N : 610 10 70 68 K8 51 93 36 .08 2.2t 12,7
Mav. . ) 11te 15 64 62 77 54 84 48 2,14 142 9.4
it AR sroees 16 to 20 6 65 86 51 89 43 .00 2.9 13.3
’ 21't0 25 69 70 84 52 92 4l 0 150 - 10,1
26 to 31 68 68 L1 57 90 52 1.09 1.38 ' ST
1toh 74 77 02 50 a7 54 ] 1821 0.0
G lo 10 70 77 a3 59 96 53 0 2,01 | S8
June. . N | BRI * 80 76 090 57 a5 53 0 180! 6.5
"""""" 1610 20 st 74 84 58 o a6 L0 187 7.0
o 21 to 25 82 82 U8 62 105 59 0 2. 41 8.7
26030 f........ . 8o 93 65 05 38 .19 247 12.6
Ttod [........ hit 93 63 a7 61 0 2.11 9.2
: . Glo10 | ..., 78 92 66 94 64 AT LSS 0.7
July K AP tols oo ... 75 87 63 96 61 .50 1.24 6. 4
Ronat AR Termerees N16to20|........ 75 89 64 95 61 2.65 1. 16 6.3
AL 5 - 20to25........ 72 &3 0 93 54 .11 112 8.4
. . KLy 20t031 §........ 75 92 62 95 59 13 2.3 7.4
e Ttod jo....... 74 8Y 62 i 56 .03 1.71 8.2
L Gtolo ) ...... 82 ] 63 104 | 61 Q 2.35 7.7
Htold ... K2 95 65 101 61 0 1.95 8.9
6to20f........ 3 a8 66 102 64 0 2018 6.4
21to25 ..., 64 74 a5 100 Y 1. 66 1,22 7.8
- Wtodl [........ 6] 82 53 93 | 49 I8 1.48 | 6.7
a i 1
Ttnd foo..... 74 o1 56 a4 | 35 0 1,56 . R
LR TN {1 ) U 71 85 58 a3 ; 55 .06 116 6.4
X tols |........ 77 03 61 % | 58 L0 1A 6.4
September........ 16020 |.1.1 100 67 86 50 o4 44| 0 1,65 71
20t025 ... ... 74 91 57 95 43 0 [ A 7.7
fL20t030 | L., 72 87 61 93 . 58 L4200 141 8.4

The evaporation from a free water surface is the simplest factor
that can be chosen as a basis for correlation with the water require-
ment, since both measurements are obviously influenced by tempera-
ture, humidity, and wind velocity, although not necessarily to the same
degree. Table XIX gives the water requirement of wheat and
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WATER REQUIREMENT AS AFFECTED B\ CLIMA.TIC CONDITIONS., 45

soreghum grown in Colerado zmd Texas dm‘mﬂ 1910 and 1911, together
with the total evaporation from a free wator surface during the grow-

ing period, computed from thé data given in Table XVIII and {rom
corresponding data for 1910. - Table XIX also gives the ratio of the
water requirement of the crop grown in Texas to the Colorado crop
for each year, tmmthcr with - the corresponding evaporation ratio
during the growing period. It will be noted from this table that the
water-requirement ratio of sorghum is less in each case than the cor-

1(\})011(11110 evaporatlon ratio, \vhlle the water-requirement. ratio of
wheat is higher in cach case than the corresponding ev 1pmntum
ratio. Thus, while the figures indicate an increased water require-

ment accompanying an increase in evaporation from a free water sur-
face, the effeet is very much greater with wheat than with sorghum.
The Panhandle of Texas is recognized as more suitable for raising
sorchum than for raising wheat, and thesc dcterminations suggest that
climatic factors other than evaporatlon such as temperature, for
example, may be responsible for this. Iowever, it should be kept in
mind that the amount of evaporation given in the tables refers to that
taking place during the whole period of* "lowth while the evapora-
tion during the period of active growth would undoubtedly have
more influence upon the water 1'0qunonwpt than during the initial
and final stages. :

Tysee NIN- (mn;mrmnn of the relative’ vmpora!mn (nul of the velative water require-
ment in the Great l’lmns‘ in 1910 (m(l 1911,

. ".' 1 Evaporation. wm',':;‘:';:'."im'
Stutimy:‘: 00 b Year | Crop: | Growing period,
) el ] Actual, It{l‘\lnl' Actual, II{i'\'I"
Akrom ol o | Vet {30 ‘,“:I,%.}l‘;.“i(.?f.'%::::: ool dm| N |
PR
Alron ol oo ot (3523 2 to Sopt 26| | d0 ] )
i‘,lil’{}fl;f.‘fi!i’i::::::::::":::},wu" wheat BN Tl R W] W
ettt TN L A SOttt IR N N1 B
|

A summary of the evaporation measurements in Colorado and in
the Panhandle of Texas for the April to September period is given in
Table XX as a basis for comparing the years of 1910 and 1911 with
the normal evaporation of those regions. Tt will be noted that June
and July, 1910, at Amarillo were exceptionally severe months.  The

season of 1911 at Dalhart was*normal, so far as the evaporation was

concerned, while at Akron the year 1910 was slightly below and 1911
slightly above the normal.
284 .
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- 46 - WATER REQUIREMENT OF PLANTS.

L7

TasLe XX.—Monthly evaporation at Akron, Colo.. and at Amarillo and Dalhart, Tex..
Jor the period from April to September, inclusive, 1907 or 1908 to 1911.

s Evaporation.
Station. Yéar, 3l ' 3
‘ : : April. | May. | June. | July. Auzu‘;t.iscﬁfm' Sf?‘“f’"”]; Normal,
%, - ; . . nal.
W ""' T e N - i
Llereos |47l 70l sed| 84! a0 was | 4non
. N . 09 | "4.74 682 7.00 9. 40 8.53 3. 86 42,35, .
Akron, Colo....+. . K 910 6.3 | 5791 S7L| wIs| 714! G| 43 45,18
mil 585 73| 976 9770 K93 78| a1
1907 | 636 8041 959 1068 940, 7.91] snox’
1908 7301 9.28 ] 1038 807! s57 | 677 | holae ]
Amarillo, Tex:.. .. 1909 8.14 10,02 10,34 9.97 9. 66 S 42 56, 55 S
1910 8.50 803 12.00] 12,18 K. 80 910 | 5861 I
1911 736 1010 | 148 ] T4k | six9 | 7o | ooy
v 1908 6.931 1093 12080 9191 9.9 7.95| 5 9s ]
et 1909 8531 090 10.89] 1L69| 1056 7.5 1 u s
Dathart, Tex. ... Iy 1910 8.54 | 819 12.02] 1ie3] s« So4h | Arey|p o
1011 THTL 0| 1238|071 10089 | 87T 5001
: i H
.o SUMMARY.

L]

" *The term ‘“‘water requirement” is used in this paper to indicate

the ratio of the weight of water absorbed by a plant during its growth

. to the weight of, dry matter produced. The investigation had for

~its object the determination of the differences in water requirement

~exhibited *by the niore important crop plants and some of their

varieties with a view to determining those which are most eflicient
in . the use of water snder the semiarid conditions existing in the

L

~Great Plains..

The plants ‘'were grown in large pots having a capacity of about,
115 kilos: of soil. ~ The pots were provided with tight covers, with
openimgsfor ‘the plants, the space between the cover and the stem

syofethe plant being sealed with wax.  The loss of water was thus
~limited torthat oceurring from the transpiration of the plants.  Water

was addwul; as required, from graduated flasks to a S-inch flowerpot.
set 1 the soil immediagely below the cover. Adequate aeration was

“secured through the changes in the air volume of the soil accompa-

nying - the changes in soil-moisture content. The plants were grown
i an inclosure covered with a sereen of one-fourth-inch mesh as a
protection agninst possible hailstorms.  The results of the different
water-requirement measurements made at Akron, in northeastern
Colorado, in 1911 are shown in Table XXI.
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TaBLe XXI.—Summary of u~a!er-reqmrmnmt measurements of varieties and crops at

Akron, Colo.. in 1911.
BASED ON DRY MATTER PRODUCED.
:;‘ N v .
o e . Water requirement,
Crop. "+ ¥arie Relative,
Of variety.| Oferop. .{ compared
with wheat.
.\lf:\lfgx‘.............‘.......'..... 1,068+:16 1,068 | 1
Pea, field ..., 800417 00 158
Artemisia frigida.. ..ol 05424 ) 151
2 L R THYET T4 143
sweetelover. oo 3 : v T00+9 ST 140
Bur edh ........ fecimetaniaanass 6397
e Swedish Select ... .7 Ceevcanas 61547 . e
RIS SIXUY-DAY s enenseenaanannans 60545 14 122
. {Canadian.. .\ .. . 598+ 14
BUckwheat. o oe i iiiiiiiiinaifonrosnssanssasastoecsnencosrasenes 578+ 138 N 114
Bem"dl&m .. . S+ 49
Ao HBeldi. ..l 54342 ! .
Barley...o.ooooiiiiiiiiiii. --RWhite Eull-less 54243 539 106
‘ Hannehén......ioeeeeneeiiven.. 52748
Emmer ......................... 534414
. Marvel Bluestem................ 53145
Wheat oo iiiia e Spring Ghirka._................ 500 13 507 10
Galgalos. .. teeeeeeaias 04
Kubanka. B .. ..ot A48 +N
- Potato. ... Irish Gobbler...iv.ioen e .. 448+ 11 448 |8
B £ 81 Y)Y SO e irreaaenae- 441412 441 NT
Sugarbeet. ...l Kleinwanzleben........ Keleeanan 37748 377 L]
| §, . -
. Towa Silvermine [......... Ceeen 42043
[0 o ¢ DN Northwestern Dent. ... .. ... .. 368410 360 73
Esperanza.......cociiceinienn.. 31945
] (Amargnthus retroflexus. .......| 3564
Weed....ooooooil P Salsola pestifer ...l 33645 322 63
Amaranthus graeeizans . ........ 205+7
Dwarf milo......... o ereeines K< k)
Whitedurra..........oooaill 42142
Sorghum........... ... . oi... Brown kaoliang.........ooven. . 30143 306 (1]
Red Amber....... Gevsccanncanns 2084 4 I :
HBlackhull k-\hr ...... e 2784+ H
il ClfHursk. Lol e 2742 - ;
fillet b {(.vrmu.n ...................... e 263415 1f 200 o
BASED ON (RAIN PRODUCED.
R - B e e
Pea, fleld ..o J Canadge. oo R el 2,2184100 | 2,218 164
Ry e bpruag........................:. 2,2154:37 2,215 143
,un.\lril.mn e, 2,204 £ 140
) Swodish'Seleet ool 16824385 " .
Rl e e, Burt...... L1 R00+ 57 1,080 124
SIXtY-1AY et 1,383+30
Mafvel Bluestem............... 1, 780460
, Spring Ghirka. . ... 1,3824 43
Wheat .t Galgalor, ... iiiviiiiiaiienen 1,245413 1,357 100
Kubanka......coviiiivinnnean. 1,101+ 14
? Emmer.......coceveieiniiiin.. 1,180+ 42
White Hull-less 1,475 40
BALCY « e oot Beardlos. ... e 1,244 92
Hannchen...............cieele, 1,134 27 ‘
Buckwheat. . ... i iieecetirerassasesnacccenssrnnsans . 103733 1,037 (i
Millet .. ... ... ...l Wl KursK. oo e criiiiiiieaes 923+ 40 923 X
*
Dwarf milo ..................... 1123457
Whitedurra....... KOG+ 12 - -
Sorghum. ... Blackhull kafir. ... 034+ 26 790 o
Brown kaoliang 720412
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48 . .. WATER REQUIREMENT OF PLANTS.

.+ The standard field crops differ greatly as regards their efficiency
Ui the use_of 'water.  Alfalfa, for example, uses four times as mueclh
~ water as inillet and the more efficient sorghums in the production

of s pound of dry matter. Corn ranks next to sorghum and millet
in efficiency in’ the ‘use of water. The water requirement of the
small-grain crops s approXimately twice that of millet, but only
onie-half that of wlfalfa. On the basis of grain production alone,

- the ‘water requirement of millet and the grain sorghums is approxi-
" mately onc-half that of oats and two-thirds that of wheat and barley.
" "Varieties of*sthe same crop show measurable differences in their

water requircment.  This suggests the possibility of developing
strains which. are much more eflicient in the use of water than those
now grown in dry-land regions.

Determinations were also made during 1910 and 1911 of the water
requirement, of wheat grown under field conditions. The moisture
content of the soil at the beginning and at the end of the experi-
ments was determined through extensive sampling, and the rainfall
absorbed by the soil during the period of growth was also computed
from daily moisture determinations. The water requirement  of

- Kubanka wheat determined in this way for 1910 and 1911 was

found to be 700 and 862, respectively. The water requirement. of
Kubanka wheat in the pot experiments of 1911 was only 468.  Both
seasons: were deficient in rainfall during the growing period, none

of the rains penetrating below the first foot.  The rains also occurred

at a time when the crop was drawing its moisture supply mainly
from stored moisture-in the subsoil.  If the water supply through
rains during the growing season is ignored, the water requirement,
based upon the _anl()lii;}; of stored water removed becomes 486 and L

466 for the two y(‘:irsl;"arcsp(\.ctivoly, which agrees well with the pot

.. deternvinations. “These determinations therefore suggest that wheat
: N < s dble to make little direet use of light, rains coming at a time when

;td'n(r'iv,r'()p 18 drawing its principal water supply from lower depths.

Measurements of the water requirement of wheat and sorghum

at. Akron; ('olo., and Amarillo and Dalhart, Tex., afford some indi-
cation of the influence of climatie conditions on the water require-
ment.  The cvaporation from a free water surface in northern

Texas during the growth period of wheat and sorchum averaged
about 18 per cent above that at Akron, Colo. The water require-
ment of sorghum was practically the same in the two regions, while

.. the water requirement of wheat averaged 36 per cent higher in
# mnorthern Texas. This indicates that sorghum is relatively better
adapted to northern Texas and that wheat is relatively better
adapted to Colorado.
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