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INTRODUCTION

The term ‘‘water requirement” indicates the ratio of weight of
water absorbed by the plant during its growth period to the weloht
of dry matter harvested. Only in the case of 100t crops is the weight
of the underground parts included. Previous measurements at Akr on,
Colo., have Deen repor ted by Briggs and Shantz.* Their results in-
clude two crops grown in 1910, 31 1n 1911, 44 in 1912, and 55 in 1913.°

The experiments were enlaloed n 1914 1915, and 1916 to include

s of plants, but in 1917 this number was Ieduced to
al sets were grown each year as ]at
in specially constructed pots. The publis
of 6 pots each, while the data here pres sented compn\c an ad( ‘
147 sets of 6 potb each. The total experiment represents 288 sets of
more than 1,800 pots rering the period 1911 to 1917. There are
here included only those experiments which give relative values and
directly comparable, and these are combined in a final summary

ables 33, 34, and 35). A weighted shich represents
the mean value for a period of vears for each crop and the relative
water requirement for the different crops, as closely as they can be
expressed from the measurements at hand, is also given. KEstimates
are made of the probable higt and lowest values which would
have been recorded had each ¢ been grown continuously from
1908 to 1925. These estimates @ d on evaporation and tran-
spiration data. The experiments at Akron, Colo., were discon-
tlnued at the end of 1917.
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METHODS

The methods used in conducting these experiments have been fully
described in the publications already cited. Plants were grown in a
screened inclosure to protect them from hail and birds (ﬁpg- 1), a,.nd
the results thus obtained were compared with those obtained with
plants freely exposed, and also with plants grown in fields of grain.

The pots used contained about 115 kilograms of soil. Each pot
was provided with a tight-fitting cover and sealed. A capillary tube
was mserted through the corks to prevent the carrying in of raln
water by suction resulting from rapid cooling during showers. The
pots were weighed daily, or as often as necessary to insure their
maintenance at the proper water content. 'The initial weight was
taken as soon as the pots were planted and waxed. The pots were
weighed with a spring balance. This balance was checked againsta
platform balance several times during each weighing, for temperature

F16. 1.—A general view at plapting time of the shelter in which water requirement measurements
at Akron were made. Photographed May 8, 1914

snd other changes, so that the results obtained were accurate to
within one-fifth of a kilogram. Water was added from calibrated
flasks with the neck cut to deliver 2 liters.

Fertilizer composed of 25 parts per million of PO,, 50 parts per
million of NO;, and 33 parts per million of K was added to each pot
four times during the growth period. In 1911 and 1914 twice this
amount was added. One-fourth of the fertilizer was added m 2
liters of water and was followed immediately by an additional 2
liters of water. Check determinations showed no difference in the
water requirement of fertilized and unfertilized pots.

Akron, Colo., 1s located on the high plains, and the national
vegetation consists of a relatively pure short grass cover. (Seefig. 2.)

Complete records of weather factors were taken, including solar
radiation, depression of wet bulb thermometer, air temperature, wind

velocity, and evaporation from a free water surface.® ’

8 BrIGGS. L. J., and SHaNTz, H. L. HOURLY TRANSPIRATION RATE ON CLEAR DAYS AS DETERMINED BY
CYCLIC ENVIRONMENTAL FACTORS. Jour. Agr. Research 5: 583-650, illus. 1913.

" BriGGs. L. J., and SHaxNTz, H. L. DAILY TRANSPIRATION DURING THE NORMAL GROWTH PERIOD AND
ITS CORRELATION WITH THE WEATHER. Jour. Agr. Research 7: 155-212. illus. 1916.

EFFECT OF THE SHELTER

The results presented in this paper were o_bt-ained. n s .scree;ned
inclosure covered with No. 21 galvanized wire netting of 3%-inch
mesh. The previous measurements ¢ show that the light was reduced
about 20 per cent by the inclosure. The water-requirement measure-
ments have led to the conclusion that pots sunk in trenches, sur-
rounded by a field of grain, have a water requirement of about 10
per cent above wheat grown in an inclosure, and 10 per cont below
that of wheat grown outside the inclosure i a freely exposed position.

i i N ively sover of grama
1G. 2.—General view of the natural vegetation at Akron. Co}o. A relatively pure cover of g
F grass (Bouteloua gracilis) and buffalo grass (Buchloe dactyloides). Photographed April 18, 1910

As the result of a long series of observations, measurements for
1911, 1913, 1914, 1915, 1916, and 1917 are now available (Table 1).
These measurements show a wide variation, and many factors must
be taken into account in their interpretation. The conditions in the
field were probably more favorable at times than those 1n the shelter,
especially for such warm weather crops as sorghums and millets.
Observations in the shelter were made under most favorable condi-
tions, since the plants were protected from excessively high winds and
from damage by hail, wind, or birds (fig. 3). In the field, on the other
hand, plants were subject to all the variable and inclement conditions
of the weather, so that the measurements show a much wider variation
and a much greater probable error than those grown in the shelter.

While the plants grown in the open were also exposed they were
watched much more closely and were protected to some extent
against excessive storms. The values here presented are more
extensive than those cited by Briggs and Shantz in the 1913 measure-
ments. The measurements presented in Table 1 show that the water

¢ BRIGGS, L. J., and -éﬁ.\xTz, H. L.- Op. cit. 1914, p. 3.



requrement in the field was 10 per cent higher than that in the
screened inclosure, which is in exact accord with the results previously
obtained. For the freely exposed plants, however, the water require-
ment was only 3 per cent a bove that in the field or 13 per cent above
the crops in the shelter. It seems safe to assume that had these
experiments been carried on in the open, unprotected, and with the
same exposure as field plots, the water requirement would have been
about 10 per cent higher than at present recorded. Table 1 gives the
results obtained under the three locations.

F16.3.—A general view in midseason of the shelter i i i
er in which the water requirement §
at Akron were made. Photographed July 13, 191% ent measurements
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Water requirement of plants—

Year Crop |‘
! In open ’ 1o field | In shelter
i .
| 3 .
}g%é | a_Lilmble\ieet()i ____________________________ ‘1 ‘2470511‘171 Per cegt‘ Actual EP" cent ‘2‘17‘;:1;%1 ‘:P" c;(l)l(;
eat, Kubanka, C, 1. 1440________ . 16275 126 7T ST
Alfalfa, Grimm, E-23._____ | 108012 124 | 13 gggig i 100
1914 | Wheat, Kubanka, C. . 1430___J_J2777000 77T 04 1 TN 5lsic 1%
Sudan prass. 7745550 115 402%6 | 102 3944 © 100
Alfalfa, Grimm, 103919 | 1 8906
_ | Millet, Kursk.______ : i i 1o
1915 » Iéeat, Kubanka, C.T. 1440._ = 136143 | 89 §3§i§ }88
Sudan grass. ... _.__.______.___. ___ 2878 |10 20045 | 112 ‘
,?Illiallef? I(\j.lrlxrr;lkm, E-23 Tl T95£20 04|, i ..... 2 gggig ; 100
1916 | Whear, Kubanka 6. 110217207 BN =P
udangrass...____.._ .. ___________ _iTTTTemmmmymmmemees 77 |
;-\\Il_[ﬁlfa, Grimm, E-23_______ . T 085L2s T 105 srrx0 | ot lggig “ igg
1917 | Bun oS- I T S | 0k TIT geid | 00
. =+ 108 R S 37843 ! 100
~ Average_ ... 4. J 113 ’ __________ [ 1) R 100

WATER-REQUIREMENT EXPERIMENTS, 1910 TO 1917

As already mientioned, the results of experiments from 1910 to
1913 have been published, only the final results being included in the
summary in Tables 33, 34, and 35 of this discussion.

Many of the experiments from 1914 to 1916, which included 68
sets of plants used each year, covered special measurements not
included in this paper. Only those which are comparable and which
have a bearing on the relative water requirement of plants are here
presented. To obtain the data presented in each table six determina-
tions usually were made for each crop. These have been combined
into an average for which a probable error has been calculated.

WATER-REQUIREMENT EXPERIMENTS, 1914

Sixty-one sets of plants were grown in 1914, which was an average
year, the water requirement being approximately the same as the
mean for the series of plants grown each year from 1911 to 1917.
(Tables 27 and 28.) The evaporation also was practically the same
as for the mean of the period 1911-1917 (Tables 31 ahd 32) and for
the longer period 1908-1924 (Table 32). During this year special
attention was given to alfalfas which were being tried out in the dry
land regions, and to corn and wheat varieties. The results of the
water-requirement measurements of the corn hybrids grown have
already been presented.®

WATER REQUIREMENT OF WHEAT VARIETIES, 1914

Fourteen varieties of wheat were grown in the experiments in 1914
(Table 2) 5 of which were durums, and 8 were common varieties and
1 was a hybrid. The results, based on dry matter, are as follows:

Durum wheats: Common wheats— Continued.
Beloturka______________ 458+ 10 Galgalos, C. 1. 2398_____ 624+5
Jumillo___.____________ 496 + 10 C.I1.4087_____________ 638 +2
C.I1.4131______.______ 507+ 8 Pacifie Bluestem . __ ____ 679+ 3
Kubanka, C. 1. 1440____ 518+ 6 C.I1.4103_______..____. 68948
C.1.4082__________.___ 538+ 5 C.I.4127__________.__ 2916 £ 15

Average_ ____.________ 503+ 8 Average__.__________ 601+5

Common wheats: Hybrids:

Marquis, C. I. 3641_____ 498+ 5 Jumillo X Preston_______ 574+2
Preston, C. 1. 3328______ 510+3 _—
C.1.4090_ ____________ 567+ 6 Average for series_____ 56046

¢ Omitted from average.

The water requirement of the durum wheats in 1914 was 16 per cent
lower than the water-requirement measurements for the common
wheats. The Beloturka variety gave the lowest water-requirement
value, 458 +£10. The next most efficient of the durum wheats was
Jumillo. The standard variety, Kubanka, grown throughout the
series of experiments, ranked above all the other varieties of durums,
with the exception of an introduction from Peru, C. I. 4082, which
had a value approximately 4 per cent higher than Kubanka. The
value of Kubanka was 518+6. The variation of the different
varieties of durum wheats based on the lowest water-requirement
value amounted to only 17 per cent.

S BriGes, L. J.,, and SHaNTZz, H. L. INFLUENCE OF HYBRIDIZATION AND CROSS-POLLINATION ON THE
WATER REQUIREMENT OF PLANTS. Jour. Agr. Research 4: 391-402, illus. 1915.



Beloturka, C. L. 3705, 8. P. L. | May 9 to Aug. 11. |55

C. L 4131 (from Siberia) (T.

_—
TABLE 2.—Water requirement based on grain gnd dr

y matter, el ,
at Akron, Colo.. 1914 Y matter, of varieties of wheat

Wate{)require-
. ments d on—
Water |Grain &

Variety of wheat Period of growth Pot| Dry

No.| matter | Grain

o - Grain - Dry
i ; matter
Kubanka,C.I.lMO(T.durum). I Grans (1;5(?1:'3” Itl'%n% P.3d. |
X . . 7 | 1354
123.2 39 ] 1203 f ggg
155. 5 38 | 1438 541
173.6 | 38 | 1401 ' 528
161.7 37 | 1357 507
Mea...... 165. 8 39 | 1362 530
Gralllgalos, C. 1. 2398 (T. aesti- o ikt
2060 647
o
i 609
1764 | 596
1930 | 827
1901 | 632
. . 1900430 ! 62435
. aestivum). i g;tl)
=
3448 | 674
Mean.. ... ... o
C. 1. 4087 (7. aestirum)..._____| May 9 to sue 4 e ’ e
2127 |63
2317 | 644
1992 | 642
1976 | 640
1967 | 636
Mesn.... | 2094 | 639
C. L. 4090, 8. P. ! 2
adiilm P. 1. 36502 (T, 15T, 37 | 1547 ; :3__3_:&_2
146, 9 35| 1604 | 5(‘55

150.0 35| 1650

154,0 34| 1679 %
166. 1 34 | 1767 504
34 | 1536 519

Mean_____.______._.___|_ {
C.L 427 (T aestioum)._______| Max 9 to Aug. 4.

Mean.._____..____.___.{._. A

35480 (T. durum).

124035 458210

durum). i}? 100
1359
39 | 1326
40 | 1272
RIC:) !
C. I. 4082
durum).
Mean

B RS BT R VI S St I e

TABLE 2.— Water requirement based on grain and dry matler, of varieties of wheat
at Akron, Colo., 1914—Continued

‘Water require-

ments based on—

Variety of wheat Period of growth A\P.g'f mlzé'& " Grain | Water |Grain 5
. ry
Grain matter
X . Grams | Grams| Kgms. | P.ct

Marquis, C. I. 3641 (T. aesti- | May 9to Aug. 3_..| 61 | 242.6 ( 84.6 | 120.6 35 | 1426 497
vum). 62| 226.8| 76.3 111, 34 | 1459 491
63 | 1950 | 64.6 102.-3 33 | 1584 525
64| 2254 | 72.3 | 1053 32 | 1456 467
65 194, 4 68.1 08. 4 35 | 1445 506
66 | 187.9 | 65.1 94.1 35 | 1445 501

Mean._ . [ [N SRR (SRR EPRORI PP, 14694-14 | 498:£5
Jumillo, C. 1. 1736 ( T. durum)_| May 9 10 Aug. 11..’ 67 | 200.7 | 83.0) 110.4 40 | 1330 526
68 | 240.7 | 91.7| 129.0 38 | 1407 536
69| 262.5| 927 | 120.5 37 | 1300 477
i 265.7 | 98.6 | 134.8 37 | 1367 507
71| 262.3| 95.5| 125.0 36 | 1309 477
7_ 334.8 | 1321 151.8 39 | 1149 453

Mean. .o e e el | PO, 131022 | 49610

JumilloX Preston ( T. durumX | May 9to Aug.1... ¥ 283.6 | 75.0) 1623 | 26| 2164 572
T. aestivum). P74 302.2 | 91.2| 172.6 30 | 1893 571
135 253.6 | 72.1 147.6 28 | 2047 582
176 | 225.8 | 65.6 | 127.9 29 | 1950 566
1% | 226.6 | 67.5 120.6 30 | 1920 572
| 781 285.9( 70.2) 136.6 X 30 | 1946 579

Mean LN S N [ enes © 1987:£30 | 574:£2
Preston, C. 1. 3328 (7. aesti- | May 9to Aug. 3. 79 | 237.4 | 78.4 | 118.0: 331505 497
vum). 80| 261.3 ) 8.1 132.9 | 31 | 1639 509
81 281. 4 04,7 147.8 34 | 1561 528
82| 2158| 75.5| 110.8; 35) 1488 513
83| 249.2 | 87.0| 120.6: 35| 1490 520
| 84| 224.3 | 79.4| 1117} 35 1407 498

| i ! 1512:22 | 5103

Of the common wheats, the lowest water-requirement value,
498 + 5, was obtained from Marquis; this was 8 per cent higher than
the value obtained from the most efficient durum. The other varie-
ties ranged in value up to 38 per cent above Marquis. In this
discussion C. I. 4127, which is a fall variety and produced only
rosettes in the experiments, has been eliminated from consideration
and its value has been omitted in computing the average. One
hybrid between a durum and a common wheat was included. This
hybrid showed a water requirement 14 per cent above the mean
water requirement of the two parents, 16 per cent above the durum
parent and 13 per cent above the common parent.!® :

The water requirement of wheats, based on grain production, is
as follows:

Durum: Common—Continued.
Beloturka_.___________ 1240435 C.1.4090____________ 1631+ 26
C.I.4131.___________ 1286 + 23 Galgalos, C. I. 2398____ 1900+ 30
Jumillo_ _ ... .___.____ 1310+ 22 C.1.4087_________._._ 2093 + 43
Kubanka, C. I. 1440___ 1367+ 13 Pacific Bluestem______ 3564+ 98
C.1.4082_______.____ 1461+ 38 —_—

—_— Average. ... _______ 2028 + 48
Average___.___._.___ 1333 + 28 ==
=——==—=—| Hybrids:

Common: JumilloX Preston_.____ 1987+ 30
Marquis, C. I. 3641____ 1469+ 14 —_———
Preston, C. 1. 3328___-_ 1512+22 Average for series._._ 1735+ 39

W BRIGGS, L. J., and SHANTZ, H. L. ' Op. cit. 1915.




durums have a water requirement only 66 per cent of the average

of the common wheats. In other words, the grain yield is propor-

tionately higher in the durum wheats than in the common wheats.
The water requirement of the hybrid based on grain was far above

either parent, and about 41 per cent above the mean of the two
Parents.

WATER REQUIREMENT OF OATS, BARLEY, AND RYE, 1914

Two varieties of oats were grown in 1914, Swedish Select having a
water requirement of 599+2, Burt 615+6. These two varieties
showed less than 3 per cent diﬂ’erenpe In water requirement. Oats

has a water requirement 8 per cent higher than wheat. On the basis

had a water requirement of 1179 + 28 and rye of 2291 + 54. With the

use of water, The water-requirement, measurements of oats, barley,
and rye as obtained in the Akron measurements are shown in Table 3.

TABLE 3. —Water requirement, based on grain and dry- maller, of oats, barley, and
rye at Akron, Colo., 1914

-
Water require-
P D ments based on— R
Kind of plant Period of growth ot ry Grain | Water |Graip}———
No. | matier o Dry
Grain ‘ matiar
-_— .
. Grams | Grams| Kgms. | p. ct. !
Barley. Hannchen, C. I. 531 May 9ito July 25. 186.8 | 814 | 89.6| 44| 1107 480
(Hordeum distichon). 187.5 | 80.8 | 91.6| 43| 1134 | 459
. 187.0 1 79.1 | 959 42 jo19 \ 513
184. 4 78.6 a1. 4 43 1163 496
177.3 | 80.7 88.1 46 | 1092 L4907
168.3 | 65.4 89. 4 39 | 1367 i531
Me8D. .o | [ 117928 £014:5
Oats, Swedish Select, C. I. May9to Aug. 1__ 234.0 ) 97.1 | 138.8 [ 411 1429 7503
134 (Avena sativa). 254.2 1 108.2 | 152.9 | 43| 1413 ' ¢o1
269.2 | 110.8 161.7 | 4] 1459 D601
255.9 | 107. 4 154.8, 42 1441 605
288.2 | 119.7 | 170.0 i 42 { 1420 590
285.3 1126.3 | 172.5 ! 44 | 1366 €05
MR T [ enees 142148 59942
Oats‘ Burt, C. I. 293 (4. | May 9to July 25, 246.8 | 109.1 | 155.0 ; 44 1421 628
sativa). 241.0 | 97.5 158.2 " 40| 1571 636
251.2 | 102.3 158.0 ' 41 1545 629
256.8 | 99.6 157.2 ;39 1578 612
265.0 | 112.6 | 157.5 I 42| 1399 S
2447 1 104.8 | 144.8 ' 43 | 1382 392
I\Iean """""""""""""""""""" el ik Ll Ll u""‘é“ ";"—ﬂd:_slm
Rye, spring, C. I. 73 {Secale May9 to July 25._ 1821 53.7 | 116.4 .29 2168 639
cereale). 193.5 | 56.5 121.6 | 29 2152 628
2032 56.0| 119.1 i 28| 2127 586
173.1 42.6 | 1109, 23 2603 641
206.8 | 57.0 | 131.5 I 28 | 2307 636
212.4 | 53.5| 127.9 ;25| 2391 €02
Mean e i f

WATER REQUIREMENT OF CORN, SORGHUM, AND MILLET, 1914

ieti i rown in 1914: The
i arieties and five hybrids of corn were g .
walgej? iezuirements based on dry matter production, was:

© l Hybf’ijisz ia X China 3475

o ! eria ina__________ =5

e gégi i ‘ Jogquin XBudapest __.__ 36545

ﬁlg(g?e—s_t _______________ 345+ 3 ; Germa.n2 C24-1X German 37941

hi vite .- 1T] 7 C24-2 .. ... +1

G thte-_____-::: gégi 7| Budapest X Pima_ . __.__ gggfg
Ty e —, 1 R (13— :

in_ .. ___.____.___. 368+ —2 s
géar%l;?fééilé __________ 372+ 3 \ Average. - __.__. 372~

German 0241 - 38545 ‘ Average for series._____ 3616

Average___.____._______ 355+ 6

Of the corn varieties, Tom Thumbhis lt;}:}e lowesItl i?T\;vglt:r;equ’flﬁé
lue. It was grown during the late seaso .
hmielkllgszawl;ter-requirerient value is shown by a German Swh?)(i\trscglfgé
C2g4—1. A comparison of the hybrldstafnd t}i%lrpgragzlrllttsbselow  Lhat
] ids range in water requirement from
t}::- Bgr})tnatfovz the parental mean. _ The chances are evezl al(s)get.btz}i]t& ;.
gm‘ize hybrid will not depart in its 1\(a)va.’oer requirement m
from the parental mean.! ] (
i%}?: I;V(;igf‘ requiremerr)lt of the hybrids was 3 per cent }};ighforwte};g
that of the corn group as a whole, Whl(t:h wats cor&sﬁe}r};b r};dization
i 1 b, a variety not use ; 1.
by the inclusion of Tom Thumb, not used in hybridization.
is 1 ting to compare these corn varieties o ) ]
%vtaltz;nrt:éisir:ann%ent. T(I))m Thumb, which stands ﬁ_rs‘ch in It}t]t(?l ehgrc r?(f
efficiency, is a very diminutizﬁa corn, so sm;llé et;lil:t llgu cfasp elst G oo
i lue. Next in efficiency are , )
%ﬁ(i}é}écall)ir;z uand Northwestern Dent, the latter a short season crop
’ ’ . .
in the northern Plains region. ) '
gr%)v:l?yuzwo sorchum varieties were grown in 1914, Iialiota rA‘{?I;E}):Ir‘
and Minnesota Amber. Minnesota Ar}rllber h;ls a sltl)%hrfgy 008\;71 Jrater
i Amber, their values being 2 3 i
B e el (T Thi bable error in the determina-
296 = 1, respectively (Table 4). e prol T e et
0 ter requirement of sorghum is usually about 1 't
E}Il‘(l)ig c(i)ifff;zncre inqwater requirement of these tvzo varréeggs(,] f:n%pﬁlr%\}fe
'as 19 per cent more e ¢
mately 4 per cent. Sorghum w as 1 e odnetion
ter than the corn varieties. Even in g ; i
:}slt(:s: ffo;‘;,aé'e Iéorqhums have a low water requirement, f;h: v 2111111% ;-eu(l)%
893 + 26 for Minnesota Amber and 89850 for Dako a Amber, or
76 per cent of the water requirement for barley, the most e
S ns. ) ) "
th%(%?siﬁlrﬁgﬁ;t. with a water requirement of 295 + 2, 1stnnf1c§11 énim;
efficient than Siberian millet, with a water requiremen Ont 1625
The millets in this case, have a water requirement -5 petbce 1t higher
than the sorghums, but 15Lp(i1r cent lov;rer thglr;ircé);lr;.nt 0;1 the basis
i duction, Kursk has a water reqt i
(;Ifldgrsail};]er?;‘;) of 1162+ 51. In other words it is about as efﬁmentr (?s
barley. Kursk millet which was also .grown as a lateos.easoqncthg
(see Table 7), gave a value 4 per cent lower than when grown i

spring.

1BRIGGS, L. J., and SEANTZ, H. L. Op.cit. 1915. p. 401.
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WATER REQUIREMENT OF LEGUMES, 1914

Fourteen varieties of legumes were grown in the water requirement

experiments in 1914. The water requirements of these varieties,
based on dry matter, was:

Crimson clover.____________ 517419 | Alfalfa, A. D. I. 162-08_____ 004+ 12
Hairy veteh..________ "7 531+3 | Alfalfa, A. D. 1. E-23-20-52__ 906+12
Guar.___________ 7Tt 54418 Alfalfa, A. D. 1. 162-98-B___ 906+ 12
Vetch, black bitter..________ 584412 | Alfalfa, A. D. I. E-5-30___ . 933 +11
Cowpea_________ 17T 659+5 | Alfalfa, Grimm, A. D. 1. H-

Alfalfa, A. D. I. 162-98-A___ 810+ 5 4+60_____________ 957 + 8
Alfalfa, Hansen___________ 846+ 27

Lupinus albus_______ 777" 870+ 34 Average_____________ 776+ 15

Alfalfa, Grimm, A. D. 1. E-23_ 890+6

TABLE 4—Water requirement based on dry malter, of corn, sorghum, millet, and
sudan grass, at Akron, Colo, 19

Water require-
ments based on—
n [Pot| Dry

Kind of plant No. | matter

Period of growt

|
! Dry

Grain _matter

CORN

-_—
(Zea mays) II I

Grams | Grams|

AlgeriaXChina ______________ ! June 3 to Aug. 31.] 243

Mean ... T ‘ ........

‘

S ..
7.

260
262

0 ...
4

Joaquin X Budapest_.__..____ ' June 3 to Aug. 31_| 258 J 410.3
&

Mean .o j ..... f ...............
Budapest_.......______._____ June 3toSept. 1. .. gz
265
266
267
Mean e T
BudapestXPima_____________ June3to Sept.1___ 2ﬂg
26!
270
271
272
Mean |

1103

June 15, 1927

Water Requirement of Plants at Akron, Colo.

: hum, millet, and
irement based on dry malter, of corn, sorg ,
Tanre 4.—Waters1:‘§¢qz1::;iass, at Akron, Colo., 1914—Continued

i Water require-
i ments based on—

Pot| Dry

i in | Water |Grain
Kind of plant Period of growth No. | matier Grain Drs

Grain | patter

cOrRN—continued
(Zea Mays)

June3toSept.1___

SORGHUM
(Andropogon sorghum)

! 209
5: 538,7|191.9| 16L.3| 36| 841

Minnesota, Black Amber, | June 9 to Sept. 1. ggg .: 2.34 B 5 962;) 357’3
A-D- 130703 207 | 4434|1419 | 1229 | 32| &7 279
205 | 478.5 | 172.5 | 133.7| 36| 775 279
20| 4030|1101 | 1130 | 27 1026 20

210 | 444.2 [136.8 | 1107 | 31

‘ ‘ 893--26) 28443
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TABLE 4.—Water requirement based on_dry maiter, of corn, sorghum, millel, and
sudan grass, at Akron, Colo., 1914—Continued

f

ments based on—

! ; )I Water require-

. . -th | Pot| Dry . [
Kind of plant Period of growth No. | matier Gram; Water {Grain \Dn
’ , Grata | o e
|
\ e \l“\‘_ ’;
SORGRUM—coutinued |
(Andropogon sorgham)
Grams | Grams| Kgms. | P. ¢t
Dakota Amber, A, D. 1. June 9 to Sept. 1._| 211 476.0 | 139.6 | 137.5 i 29 985 289
341-10-4. 212 | 430.0 | 170.8 128.8 40 754 300
399.6 | 147.1 117.9 37 801 295
401,11 139.5 | 120.6 35 865 301
433.6 | 167.0 | 1287 39 771 297
419.7 | 101. 4 122.5 | 24| 1208 292

SUDAN GRASS, S, P. I 25017

(Andropogon Sorghum aethi-
opicus)

Firsterop...._.___.__________

Mean
Second erop..___.____________ Aug. 13 to Oct. 15._| 410

4

Mean... L
Combined crops__..._._______ June 10 to Oct. 15__| 410

Mean ..o ! i

MILLET | '

(Chaetochloa ital ica) ' {‘
!

Rursk, S. P. 134751 ______ ) June 9 to Aug. 12._| 181 322.1 | 80.2 92.8 25 | 1157 . 288
182 214.8) 886 6| 32| gm | 297
185 2m6.8) 821 s02| 30 e77 om0
841 303.6| 70.4| 91,3 23| 1297 301
1850 311.2 ) 859 o01'4] 28 1064 2
[186 | 318'7 | o274 | g54 20 132 . 299
i
Mean .l N oo [ || 1075238 2052
Siberian, A. D.1.34.________ June9to Aug. 12,187 [ 3252 1 1042 | 87| 32| ver [ 304
[188 | 32111 | ‘012 | 1064 o5 1167 | 331
1o | 32] oL6| 923 28| 1008 | 28
190 20511 66.8| 27| 23 1388 | a3
199 203.6) 884| 9921 30! 1122 | 338
1192 348.6) B34 16| 24 1338 | ap0
i ]
Mean. ...l R " _______________ ! ...... " 16251 31645

The first four legume crops were grown during the late season and
are therefore not strictly comparable. However, this is true of all
crops that do not have the same length of growth period. The
results obtained with these four crops are therefore included with the
other measurements in the summary tables. The legumes at Alkron
range in their water requirement from crimson clover at 517+ 19, the
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i 57 =8, the highest, a difference of 85
A tto Egﬁlﬁﬁz ?11:::1;1?}7?&3: (a_high wateg; requirement but §otmle
gf rtﬁznv'arietigs crimson clover, htgilx'y vg}tlch, g(l)lgr, u?hniile k;l}t];};er('} ;i% 1C111

, i ess than ,
MTATRS ?‘aw: t:{)olfg glgg?negt% (t)-he alfalfas, Medicago falcata has a
b av?reglent 7 per cent lower than the average of the Gr;rillm
wat.er'rqum not lower than the range of the latter, since one o 1;!
val"letlesv,'arieties A. D. 1. 162-98-4, showed a water requirement
ggruf:l;it Jower than M. falcata. (See Table 5.)

TaBLE 5.—Waler requirement, based on dry matler, of legumes, at Akron, Colo.,

1914
‘Water require-
ments based on—
i Pot| Dry |Grain| Water |Grain
Kind of plant Period of growth No. | matter | GF " e
’ N TN | matier
ALFALFA
( Medicago saliva)
Grimm, A. D. 1. E23-20-52, | June 5to July 11.__
first crop.
D% 022 o RN R
Grimm, second crop-._-...-. July12to Aug.16._
Mean oo mee
Grimm, third crop..c.coo.... Aug. 16 toOct. 26. .
Grimm, combined erop-.____ June 5to Oct. 26..
Mean ...
Grimm, A. D, 1. E23, first | June 5 to July 11..
crop.
Mean
Grimm, second crop........... July 12 to Aung. 15_ s 86 - 8031
117 70.6 |acooeo 67.7 |.
118 741 66.3 |_
119 TLO |eeoaas 68.3 |
120 917 [ 79.5 (...
U S I N 906== 14
Mean . ..o joree oo
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TABLE 5.— T gter requirement, based on dry matter, of legumes, at Akron, Colo.,
1914—Continued

! / ! Water require-
ments based on—
Grain | Water Graip ——ouw

: Dr;
Grain | matt}(’ar

Vol. 34, No. 12

Period of growth ‘§°t Dry

Kind of plant 0. | matter

- —

ALFALFA—continued

!
_—
|

(Medicago sativa)

Grimm, third crop

Grimm, combined CrOP.-......| June 5 to Oct. 26 _

Grimm, A.D. 1, E-5-30, first
crop.

Mean

Grimm, second crop.

A. D.1.162-98-A, first crop__| May 9 1o July 11_.[ 127
128

i | 1354
j 131 | 14219
‘; 182 | 175.4 |

June 15, 1827 Water Requirement of Plants at Akron,
une lo,

COolo.
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1914—Continued

B ) ’ ) COlO.
TABL 5 Water Tequ'b’rement based on dTy matter Of legumes at Akron
BLE 0.— y »

Pot| Dry

Kind of plant | Period of growth || patier

Grain | Water |Grain

Grain

Water require-
ments based on—

Dry
matter

ALFALFA—continued
(Medicago salina)
A. D, I.162-98-A, third crop.

Grams |Grams
| Aug. 16 to Oct. 26 08. 5

YasaoR

PO C

RS- ¥- 3 LN

A. D.1.162-98, third crop... | Aug.16to Oct. 26

A'cn?d - 162_98'.???.1})_13?_1 June 5to Oct.26__[ 133 | 276.4 |._._.__
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TABLE 5.—Water requirement, based on dry maller, of legumes, at Akron, Colo.,
1914—Continued

’ | Water require-
Pot : ments based on—
Kind of plant Period of growth N%. mlgtrt};r Grain | Water | Grain|
. . Dry
I Grain | 1 tier

‘,I\

ALFALFA—continaed f '

(Medicago sativa)

A. D. 1. 162-98-B, third crop.| Aug. 16 to Oct. 26_( 139
140

142 | 196.3 |
143 | 146.0 |..
144 | 206,
Mean . .| , ..... / ........
A. D. 1. 162-95-B, combined | May 9 to Oct. 26__| 139 | 487.4
crop. 140 | 426.1
141 | 443.2
142 | 4616
143 | 4361
| 144 | 5167
Mean..___ | f ..... ‘
Grimm A. D. 1. H~4-60, first | June 5 to July 11__| 151 | 95.0
erop. 152 96.9 !
153 | 96.3
154 | 99.2
155 | 97.2 |
156 | 88.4 |
Mean..._ ... f I
A. D. I. H4-60, second crop.| July 12 to Aug. 15.] 151 | 86.0
1527 B84
153 | 781
154 | 860
155 | 70.6
156 | 73.2
Mean o
foe
A. D. 1. H-4-60, third crop...| Aug. 16 to Oct. 26.) 151 | 1079
1 119.8
153 | 113.6
154 | 108.6
155 | 116.0
‘ 156 | 105.8
Mean... . { ..... } ...............
A. D. I. H-4-60, combinred | June 5 to Oct. 26 151 | 288.9 _______
crop. 152 ] 301.1
153 | 2880 .
f 154 | 203.8
155 | 2838
| 156 | 267.4
Mean I 4

(Medicago falcata)

Hansen seed, first crop

Vol. 34, No. 12
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— Walter requirement, based on dry matter, of legumes, at Akron, Colo.,
TasLe 5—W i ’ 191/—Continued ’

‘Water require-
, ments based on—
Kind of plant Period of growth §%t mlz{vier - Grain | Water |Grain
: ; .| Dry
| \ Grain : matter
ALFALFA—continued |
; i
(Medicago falcala) Grams . Grams -
Hansen seed, third crop...... Aug. 16 to Oct. 26._ %ig 2.9 - Hli
147 39.4 Y 746
148 25.0 11332
149 2 4. - ll4?2
150 23.8 1059
R RSREORION PO U 1201£75
Mean .o R
Hansen seed, combined crop.| June 9 to Oct. 26_.} 145 | 108.0 gilsg
. 680
899
903
800
8464-27
COWPEA
( Vigna sinensis)
____________ May 28 to Aug.12.' 169 | 179.6 | 63.4 117.5 35 | 1853 654
8 P. L 29%82..... v B 10! w97 | s27| 1086 312080 640
171 161.7 56. 2 106. 9 35 | 1902 661
172 163.3 | 55.8 110.6 34 | 1982 677
173} 171.9 | 57.8 110.5 34 | 1912 643
174 ¢ 175.4 57.9 119.3 33 | 2060 680
b.% (% W S o IR I S 196227 | 6595
Lupinus albus
D A S 1.7 ¥ 4 R, May 28 to Aug.12.| 175 811 11.6 82.2 14 | 7086 977
5P AT 4 £ 176 , 646 10. 5 58.7 16 | 5590 909
177, 116.9 | 24.0 95.0 21 | 3958 813
178 100. 4 19.1 82.1 19 | 4298 818
179 117.7 | 22.6 83.2 19 | 3681 707
180, 547 14| 544 (9 (2 995
L0 X0 | ) AU IR PO e 4923:4-478| 870434

@ Omitted in computing mean.

Cowpeas, an important field crop, require 659 5, or 28 per cent,
less water than the Grimm varieties of alfalfa, but more than twice as
much as sorghum. ZLupinus albus requires 870+34, or almost as
much as alfalfa. On the basis of seed production, cowpeas gave a
water requirement of 1962 +27 and L. albus 4923 £478.

WATER REQUIREMENT OF COTTON, PIGWEED, AND GRAMA GRASS, 1914

Cotton was included in the experiments each year at Akron.
Notwithstanding the fact that cotton was far from its natural range
the water requirement of that crop, 574 =9, was as low as for oats
and almost as low as for wheat (Table 6). ) )

Pigweed produced three crops, the combined crop having a water
requirement of 306 £ 1, and was exceeded only by millet and sorghum
in the efficient use of water. Pigweed was about three times ss effi-
cient as alfalfa and twice as efficient as oats and some of the wheats.

53534—27——2
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TABLE 6.—Water requirement, based on dry matier, of

Journal of Agricultural Research
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grass, at Akron, Colo., 191}

‘ Water
’ | require-
Kind of plant Period of growth ! .l\)-gt i m]a)trt}e,r Water I b;gggtgn
f | dry
| ! ' matter
i F AR
COTTON f {
(Gossypium hirsutum) : ‘
: ‘\ Grams ] Koms. |
Triumph_ .. .. ... June 17 to Oct. 15 ____ ] 193 363. 8 194.6 | 535
194 345.1 19411 562
195 360. 8 199.1 | 552
| 166 328.5 150.2 . 579
197 311.7 1505 | 602
198 | 370.7 226.6 | 611
Mean . ... L e e b " 5749
PIGWEED k
(Amaranthus retrofierus) r
Firsterop_ ... ... ... June 3 to July 14______ 163 124.0 39.9 322
164 115.8 ! 3’2 330
165 127.0 37.9. 298
166 118.7 36.3 306
167 126.7 43.3 320
168 | 1310 38 304
Mean. ... ... __ ’ ________________________________ f __________ ‘ .......... 31344
Secondcrop_. _______________ .. _______ July 15 to Aug. 13_____ 163 57.8 | 17.6 304
164 55.2 15.9 288
165 5.1 16.2 299
166 49.4 15.8 320
167 48.6 143 208
168 57.8 15.0 311
Mean ..o 3033
Third erop_ .. _____.._..._.____________ Aug. 14 to Oct. 17_.___ 163 \ 4.7 12.9 268
164 44.0 12.3 280
165 44.1 13.7 0 311
166 36.8 12.8 2093
167 41. 6 11.9 286
168 42.3 12.0 . 284
Mean. ... T [ [ 2874
Combined crop..._...___._....________._ June 3to Oct. 17____._ 163 | 226.5 69.5 307
164 215.0 66.4 . 309
. 165 | 225.2 6.8 301
166 204.9 62.9 307
167 216.9 66.9 © 308
168 | 231.1 69. 8 302
Mean...... U e 3061
GRAMA GRASS | |
(Bouleloua gracilis) ‘
|
Firsterop_ ... . ... June 3 to July 14._.___ 157 26.6 9.8 368
158 23.1 7.4 342
159 | %3 9.1 324
160 ! 28.5 9.6 . 337
161 27.9 8.8 315
162 . 24.7 1 287
Mean. T 3298
Second Crop.....___...__._..___.._ ... ___ July 15 to Aug. 12_____ 157 36.2 1.7 323
158 . 28. 4 9.9 349
i 159 29,7 10. 4 350
I 160 35.6 10. 8 303
i 161 - 24.9 8.9 357
162 28.0 9. 4 336
Mean..o oo T Lo 3366

collon, pigweed, and gramq

[y
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) ) d, and grama
.—Water requirement, based on dry maller, of cotlon, pigweed,
Tasie 6 ¢ sts, at Akron, Colo., 1914—Continued

- \ ) Water
I ‘ require-
. | P Dry ' ments
King of plant Period of growth i N?). mnttyer Water ba%ed on
i ; Iy
; matter
|
GRAMA GRASS—continued J
(Bouteloua gracilis) | Grams Kgrr:)s. -
i 160 . 157 11.6 10.7
Third CroPe.c. o oooemcomemeeaaaacaes Aug. 13 to Oct. 16 l5é e 97 922
159 19.5 10.2 523
1€0 19.8 9.6 485
161 14.9 8.4 564
162 13.0 7.8 600
S 1 S R W Voeeeees LS 617639
B 2 ) 3 B e e T B el
i 1 74.4 32,2 433
Combined erop._.. ... ... June 3to Oct. 16___.__ igé 3 322 i3
159 77.3 29.7 384
1€0 83.9 30.0 358
161 67.7 26.1 3§G
i 162 65.7 24.3 370
‘ ! ! | asext
Moean. e froe e e [T | ‘

Three crops of grama grass gave a combined water requirement,
based on dry matter, of 389+ 7. This is the most important of the
native grasses. It is somewhat less efficient than corn in the use of
water, and requires 34 per cent more water than the sorghum varieties

tested.

IREMENT OF PLANTS GROWN DURING LATE SUMMER
WATER REQUIRE NOTCNN 1914

AND

Thirteen late-season crops were grown, the time of planting rang-
ing from August 28 to September 4. Grouped in the order of their
efficiency in the use of water for dry matter production these crops
are as follows:

Tumbleweed_ ______________ 272+ 4 Guar__ . _______ ... _____.._ 51448
Kursk millet_____________. . 284+4 Buffalobur_______________ 55717
Tom Thumb corn_ . _____.___ 315+ 8 | Bitter vetehe _ _______.____ 584+ 12
Clammyweed . _ _________.__ 502+ 11 | Polygonum_ ___._______.__ 705+ 50
Nightshade________________ 50614 | Verbena_ ______.___________ 730420
Crimson elover. ____________ 517+19 | Franseria_ . __________._.___ 1176 + 47
Hairy veteh________________ 531+3

It will be seen that the same variety of millet, Kursk, S. P. I.
34771, was approximately 4 per cent more efficient when grown as
a late-season crop than when grown during the regular season. .

The results obtained in these measurements as shown in Table 7
are included in the records obtained from those made earlier in the
season, since there is a close agreement between the water require-
ment values of plants grown late in the season and those of the same
plants grown early in the season. Many of the plants are weeds
and thrive naturally during the late summer and autumn. There 1s
& surprisingly wide range in water requirement among the common
weeds. Tumbleweed is more efficient than millet or Tom Thumb
corn. The legumes have a relatively low water requirement. The
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water vequirement values of crimson clover, hairy vetch, guar, and
bitter vetch are aproximately the same as the wheats, while
polygonum and verbena, roadside weeds, require more water than
any crop group except alfalfa. Franseria, a native plant of wet
bottoms, showed a water requirement higher than any of the series.

-

(.—Water requirement, based on dry matter, of plants grown during late
summer and autumn at Akron, Colo., 1914

TABLE

Water
require-
Kind of plant Period of growth K»gt‘ m]a){tyer Water (gx:snetds
on dry
matter
Grams Kgms
Clammyweed (Polanisia) following Ba- | Aug. 29 to Oct. 17_____ 37 4.8 2.5 521
luchistan wheat. 38 6.1 3.2 525
39 6.3 3.3 524
40 6.8 3.2 471
42 4.5 2.1 467
Mean. .ooooeei e I [ ' 50211
Millet, Kursk (Chaetochloa italica), follow- Aug. 28 to Oct. 15_____ 49 31.2 8.2 263
ing Siberia wheat. 50 50. 1 15.0 299
51 69. 5 20.5 295
52 61.7 17.6 285
53 69.0 18.9: 274
| 54 4.8 12.8 | 286
Mean._ . oo “ ........................... 284-+4
Tumbleweed (Amaranthus graecizans), | Aug. 28to Oct. 13____. 55 49,9 12.4 248
following Peru wheat. 56 46.5 13.1 282
57 45,1 12.5 277
58 47.0 13.3 283
59 36.2 9.5 262
60 56. 4 15.9 282
L5 U S A N 2794
Corn, Tom Thumb (Zea mays), following | Aug. 28 to Oct. 13_____ 61 51.1 16.0 313
Canada (Marquis) wheat. 62 63.2 16.7 264
63 61.2 19.3 315 i
64 42.1 15.5 368
65 65.0 19.6 302 i
} 66 64.5 2.3 | 330 i
Mean. .. feooe- | I 315+8
Guar, following Jumillo wheat. Aug. 28to Oct. 12__.__ ’ 67 ' 6.9 3.6 522
68 | 6.7 3.7 | 552
69 | 7.2 43| 507
70 J 3.7 2.0 541
711 9.6 5.2 542
72 [ 8.4 4.3 512
Mean_ R I 54448
Crimson clover. following Jumillo wheat Sept. 4 to Oct. 27______ 7 22.4 10.5; 469
X Velvet chaff wheat ( Trifolium incarna- i 7 16.7 .81 467
tum). [ 75 : 17.1 5.9 { 462
! 76 14.8 .71 520
Lo 237 1321 557
| 78 26.4 16.6 | 629
Mean 517+19
Black bitter vetch (Vicia ervillea) follow- 79 " 17.9 9.9 533
ing Velvet chaff wheat. 80 39.3 L7 552
i 81 ° 40.7 26.3 . 646
| 82, 320 193 603
] 8. 266 148 556
| 81! 24.2 14.4° 595
[——
Mean.. e RN I 58412
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Vater requirement, based on dry matter, of plants grown during late

—1 .
TapLs 7 summer and autumn al Akron, Colo., 191/—Continued
‘Water
require-
Pot Dry . ments
i Period of growth < matter Water bascd
Kind of plant No. Dased
matter
Jrams Kg1n73 748
i 27 10.3 .7
Polygonum aviculare, following Hannehen | Aug. 28 to Oct. 27._... gg 9.3 e
barley. 87 5.1 10| 784
88 7.6 6.0 789
_____________ eeanee|  T052£50
Y, 17:) - D [P P ]
Buflalo bur (Solanum rostratum), follow- | Aug. 28 to Oct. 15._._. gé g}g 58(7) ggg
ing Swedish Select oats. o R %09 on
94 56.0 29.5 527
95 49.5 28,5 576
96 55.3 29.6 535
Y U N I N T 5577
(232 ¢ U RSN RUUR RSP RPRS) PR f
i v 7 - 7 73.3 41,2 562
Nighshade (Solanum trifiorum), following | Aug. 29 to Oct. 27.__. g& .3 e 5
Burt oats. 99 59. 6 20.5 | 495
100 57.5 28.1 489
101 62. 8 27.3 435
102 62.7 30.9 493
Y S IS NN AN, A [ 506214
Y-« LR FRPUPRUR ORI S
Verbena (Verbena bractiose), following |Aug. 29to Oct. 27._____ }834 zgg ig: z:i)g
Vern rye. 105 20.9 451 €M
106 20.7 14.9 720
107 13.9 10.3 741
108 13.5 11. 874
Y O YR ISR RN RO I [ 73020
cps . - ) 979
Franseria tenuifolia, following cowpea.._... Aug. 29to Oct. 27.____ }(758 ;? g; IO(ISS
171 11.3 15.1 1336
172 14. 6 19.9 1363
173 11.5 12.2 1061
174 13.6 ! 17.0 1250
1 £ Y S F R e | 117653
lairy vetch (Vicia villosa), following |Sept. 4 to Oct. 27.._____ {;g Zgg ;gg g%;
Lupinus albus. 178 5.3 2 e
178 27.9 15.2 545
179 31.0 16. 5 532
180 27.3 14.3 524
Mean. ..o e 53143

SUMMARY OF WATER-REQUIREMENT MEASUREMENTS MADE IN 1914

In order to compare rapidly the water requirement of the various
crops for the different years and to eliminate errors due to averaging
plants of low and high water requirement, which would be equivalert
to weighting those of high-water requirement, the yearly values have
heen expressed as proportions of the average for the period of years
during which the crop was grown, which value was fixed at 100. T
gives a truer value for each year than could be obtained by averaging

actual values.

This

In the discussion the values thus obtained have been

: . : » M
treated asindex numbers and the expression ‘“points above” or ““ points
below” have been used to express the relative positions. To express
these differences in percentages would lead to confusion.
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It is the opinion of the writers that the facts are well shown by this
simple method of treatment which is here followed in order to avoid
the use of logarithms in the discussion of the data. The procedure
will be clearly understood by comparing Table 27, the actual values,
with Table 28, the index values.

The climatic conditions controlling the use of water in the 1914
experiments were near the average for the period 1911-1917. (See
Tables 27 and 28.) As compared with the previous years the water
requirement was about the same as in 1913, apparently a little less
than 1911, and about 25 points higher than in 1912. The latter
vear was unusually favorable. On the whole the weather was cool
and relatively damp and the sun’s intensity was about 20 per cent
below normal."!

The water requirement in 1914 was 26 points higher than the water
requirement in the cool, damp year, 1915; 2 points higher than in
1917, which was nearly an average year; and 28 points lower than
in the dry year, 1916. _

During 1914 tumbleweed showed the greatest efficiency in the use
of water, its water-requirement value being 272+ 4. It was followed
closely by Minnesota Amber and Dakota Amber sorghum, with
values of 284 =3 and 296 £ 1, respectively, and Kursk millet with a
value of 295+2. The corn varleties ranged in water-requirement
value from 3158 to 389+9. The range in values of other crops
were as follows: Wheats, from 458 £ 10 to 689 £ 8; barley, 501x5;
oats from 599 £2 to 615+ 6; rye, 622 +7; legumes from 517 =19 for
crimson clover to 957 +8 for a Grimm alfalfa; while weeds ranged
from 272 + 4 for tumbleweed to 1176 + 53 for Franseria. As a general
statement, the sorghums, millets, and corns were the most efficient
of the crop plants in the use of water, small grains were intermediate,
and legumes were least efficient.

On the basis of grain production, sorghums ranging from 893 + 26
to 898 £ 50 were most efficient in the use of water; millets ranging
from 1075+ 38 to 1162 £ 51 were next; followed by the small grains,
ranging from 1179 =28 for Hannchen barley, to 3564 + 98 for Pacific
Bluestem wheat.

Based on seed production the legumes showed very high water

requirement. Cowpeas gave a value of 1962 £27 and Lupinus albus
of 4923 +478.

WATER-REQUIREMENT EXPERIMENTS, 1915

In 1915, 67 sets of plants were grown, the results from 39 of which
are included in the relative water-requirement figures here presented.
The year was unusually cool and damp, and the water requirement,
the evaporation, and the temperature were lower than during any
other year of the experimental period under discussion. (See Tables
27, 28, 31, and 32.) Special attention was given during 1915 to
wheat and flax.

WATER REQUIREMENT OF VARIETIES OF WHEAT, 1915

Eighteen varieties of wheat were grown at Akron in 1915. Eight
of these were durum wheats, 9 were common varieties, and 1 was a
hybrid. The results, based on dry matter, are as follows:

11 BrIGGS, L. J,, and Suantz, H. L. Op. cit. 1914, p. 54.
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o eats Common wheat—Continued.
Durym whealst 57 = Preston, C.1.3328______- 45246
8‘ II 44113311 (o1d seed) - ----- %é’i lé C. 1. 4090 (old seed) _---- igé ii
CCeirka. C. T 3705 (old C 14000 - - eeo--
Belottclirka, c.L 37_(35_ _(_0,1(_1 387+3 Galgalos, C.1.2398_ ____.. 481+4
Besliiu)ri{a{ CI1.3705._-. 390+2 Pacific Bluestew, C. L
Jumillo, C. I. 1736 - 396+ 6 410610_8.7_ _____________ - o1
Kubanka, C. 1. 1440_____ 405+ 3 C.1. 4087_ . __.__ oo 2oLt
CU1 4083 (old seed) 413£6 C. 1. 4087 (old seed) - - - - - 505
G I 4082 - ccaamemme- 431+ 3 Avorage... o prre
AVerage - -——-----=--- 393+4 ----
st ===— | Hvbrid wheat:
Comﬁ(;rr‘(;;?seaés' 1 3641 (old " Jumillo X Preston_ . .-~ 41742
i 1243 . —
seed) - i 3611 2233’::3 Average for series..- _-- 43144

Marquis, C. 1. 3641 .-

_requirement measurements for the durum. wheats were
16T;1eer vggrtlirl(l;g:}er than the water-requirement measurements g)rdtlhc?
common wheats. One of the durum wheats, C. I. 4131, an 1n35g fuc
tion from Siberia, showed the lowest water requirement, Txd.
As in 1914, Kubanka, C. 1. 1440, with & water-requirement Va_u: f
405 = 3, ranked above all other varieties of durums exi:lept If{xnbln II;O
ductior{ from Peru, which had a value 6 per cent higher t st)n 211 ant }?é
The variation of the d(ilﬂerentlvaglletles of d;lrum wheats based on

unted to on per cent. ]

lovg)(}Stt}‘;:héirﬁIIrrllgn wheats, tl?re lowest water-requirement valllge, as
in 1914, was shown by Marquis. Its value, 412+3, was . pe1f
cent higher than the most efficient durum. The other varieties o
common wheat ranged as high as 23 per cent above ngrqluli. o the

One hybrid of a durum and a comnion wheat was include hm the
test. The hybrid gave a water requirement 2 per cent lower t ti;ln the
mean water requirement of the two parents, 5 per cent above tha n(;
the durum parent, and 8 per cent below that of the commo}? pﬁxrle) d
This result does not agree with the result in 1914 When}t‘ e hy rt}
cave a water requirement 14 per cent above the mean of the paren st.
Based on grain production the durum parent had a water req}tilremin ‘
34 per cent below that of the common wheat parent. T t{, water
requirement of the hybrid was 25 per cent above the parenta Iglean(,i
4 per cent above the water requirement of the common ps}rf,n , éxp
58 per cent above that of the durum parent. Since no exphan:} 1ton
can be given of the result, it seems unsafe to colnclude that t el:; af elr1
requirement of wheat hybrids, based on total dry matter, would 1a:
above that of the mean of the parents. The results obtained are
more nearly in accord with those obtained with corn in 1914. o

The water requirement of wheats in 1915, based on grain produc-
tion, was as follows:

D : Common—Continued.

HHEX.II. 4131 (old seed) ... 944+ 15 C. 1. 4090 (old seed) - - 145%:{:2?
C.1. 4181 ... 1042 +28 Galgalos_ - - - - —-—---- }g%i%
Beloturka .- cooaene 1122+ 11 C.1.4090.____-- L i
Beloturka (old seed). .. 1129+11 1 C. 1. 4087 (old seed) - - T
Jumillo___________._.__ 1179+ 15 { C.L1.4087 - RS
Kubanka, C. 1. 1440.__ 1232413 | Preston.._.._-------- T 1o
C. 1. 4082 (old seed)__. 1299+38 | Pacific Bluestem ___ .- +
C.1.4082 ... . .- 1315428 Average_ .- -—--- 114_6_:1:_56_

Average_ . ________- 115684+ 22 | {yvhrid: = ._—

Common: ===——==! """ Jumille X Preston.._. 1859103

Marquis (old seed)_.__. 1190+15 | T
.\%g;g::;:_(—o_l(_j—e—e_e_cl_) _____ 1279+ 22 i Average for series._ - 1491 + 49
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The water requirement of durum wheats based on grain produc-
tion was 1158 422, or 66 per cent of that of the common wheats,
1746 4+56. The order of Increasing water requirement for the
varieties is almost the same as in 1914, and with a few exceptions is
approximately the same as when based on total dry matter. As
in 1914, Pacific Bluestem gave the highest water requirement among
the common wheats and C. I. 4082 among the durums. Among
the common wheats Marquis gave the lowest value during both
years. It is interesting to observe that the different varieties of
the group stand in almost the same relation to each other as they
did in 1914, and that, with one exception, the original importation
gave a slightly lower value for the water requirement, based on dry
matter, than the seed grown at the station. Except in one set,
C. I. 4090, the differences are not significant. The water require-
ment of the wheat hybrid, based on grain yield, was equal to the

mean of the parents. Detailed results of the experiments with wheat
varieties are shown in Table 8.

TABLE 8 —TFater requirement, based on dry matter and
at Akron, Colo., 1915

N

grain, of varieties of whea

‘Water require-
ments based on—

: i
Variety ! Period of growth ggt mlztl.'t);r Grain . Water ;Grainl
i [ { ! . Dry
| ) ; | Grain matier
. | P
. Grams |j G’mms] Kgms. ' P, ct. J
Kubanka, C. I 140 (T. May22toAug. 21| 1| 1924 | 66 9 8121 34| 1227 422
durum). ‘ 21 2200 69.7) 627 321330 421
| 3| 1941 611 820 | 31 | 1342 422
i 4 2225 72.2| 868! 3211202 390
: 5/ 2021 88| 7.5 291318 383
| 6| 2253 729 | 878 321204 390
Mean ..o [ R eeee 1271122 | 40546
Kubanka, C. I 140 (T., May24to Aug. 24 100 | 2617 | 933 | 103.51 36| 1109 395
durum). 268 7 l 91. 8 [ 1120, 3411220 417
246.9 | 858 | 1022 35| 1101 414
260.21 8.5 10£0| 32 1246 400 -
291 | 948 111.8 L34 1179 401
7.7 8.1 134 33128 405
_______ b [ 1194213 | 40523
....... 1_;1 123213 | 40543
56.2 | 80.4: 34| 1431 [ 480
4771 75.7 30 | 1587 475
60.4: 77.4 36 |128] l 458
60.7! 87.6. 34| 1a43 494
55.4 | 830 i 31 | 1534 | 483
811 74l 24201 | 187
: 48144
Pacific Bluestem, C. I. 4067 J May 22to Aug. 26| 13 | 196.7 | 34.7 . 957 18] 2758 487
(T. aestivum). 14| 200.3| 309 1016 15| 3288 507
15| 190.0 | 29.9° ‘942 - 16| 3151 496
16 | 2081 | 323" 1047 16 | 3241 503
17| 206.7 | 20.2  97.2 14 | 3329 470
18| 286.5| 32.3 1385 11 | 4288 483

e e e | 3343119 49114
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TaBLE 8.—Water requirement, based on

at Akron, Colo.,

dry matter and grain, of varieties of wheat
1915—Continued

Variety

. 1. 4087, S. P. 1. 36499 (T.
Cucatitum), old seed.

. 1. 4087, S. P. 1. 36499 (T.
Cueativuﬁ), Akron seed.

C. 1. 4080, S. P. I. 36502 (T.
aestivum), old seed.

C. 1. 4090, 8. P. I. 36502 (T.
aestivum), Akron seed.

Beloturka, C. 1. 3705, S. P. 1.
35480 (7. durum), old seed.

Beloturka, C. 1. 3705, S. P. I.
35480 (T. durum), Akron
seed.

C.1.4131, 8. P. I. 37159 (T.
durum), from Siberia,
old seed.

C. 1. 4131, S. P. I. 37159 (7.
durum), Akron seed.

? Water require-
1’ ments based on—
© Dr . . .
Period of growth Ir\:gf i mat{er Grain Water |Grain . ore
‘ : Grain matter
I J—
j' Grams |Grams Kgms. | P. cl.
May 22to Aug. 18| 19| 225.9 | 671 113.9 | 30 | 1697 5.5?42
nd 20 2089 ! 60.0 104,3 3? }ggé 502
© 2145 65,7 104
gé 219.1 | 65.4| 110.9 | 30 | 1696 5376
23 221.3| 68| 1167 | 281838 52
24| 225.5| 65.8 | 114.3 | 29 | 1737 50
SR ISR S [ 1725495 | 5053
...................................... |
i .7 | 110.3] 2811788 503
May 22to Ave. 18- 22 { LIS gé,e ur.e| 8 1879 oz
| 219.4 63.1| 110.5 7
357; | 216.0| 621 | 107.1 29 | 1725 486
29| 2162 | 56.3 | 109.2 | 26| 1940 272
30| 244.2; 76.2 | 1152 | 31| 1512
HSE AU P R, 176639 | 50144
! 7| 748 | 97.0/| 341297 442
My 22to Aug. 16. gg | BRs| 708 03| 3 1558 8
39! 2140 66.7 98.1 31 | 1471 237
40! 226.1| 66.0| 107.8 | 29| 1633 77
41 23L0| 747| 107.8| 321443 sor
42 206.1| 69.4| 90.5| 341304
! [ I A 145139 | 4615
__________________________________ . I
i 625| 98.61 301578 478
May 22 to Aug. 16. ﬁ I fggg 825 ol gg {ggi ig;
i 207.1| 6L3| 951
ig» 212.8 | 61.8| 97.6| 291579 2§g
47 206.5| 59.0| 98.0| 291661 i
48, 220.3 | 58.0| 100.5 | 26 | 1733
TSSO AN SN R 1617420 | 4694
-------------------- 382
313.4 | 105.8 ] 119.6 | 34 | 1130
51| 273.0 | 96.8 7. 303
287.1 ) ¢9.5| 114.6| 35| 1152
55:% 313.6 | 108.8 | 119.6 | 35 | 1099 ggé
54! 3223 [107.1 | 127.4 | - 33 | 1190
S ol leceeees I 112011 | 38743
) 98.6 | 34| 1171 403
May 22to Aug. 2L 221 22| ot3 | w016 | 35| 117 391
57 2847 | 7.1} 110.4 | 34 | 1137 ggg
58 ' 269.8 | 93.0| 106.5 | 34 | 1145 395
59' 3220 (110.9| 1221 | 341101 78
60| 313.4|113.6| 120.3 | 36 | 1059
‘ [T I foemee 112211 | 3902
: .8 11322 119.5| 39| 904 356
| May B to Avg. 24 & i e ilasl 82| 37002 371
69! 274.3| 96.3| 94.2 978 3;2
70 ¢ 23.3 | 1118 907 370
71 17.5 | 114.3 973 34
72 | 4.4 | 849 899 343
94415 | 3574
-------------------- 5 I 361
May 28 to Aug. 24.| 73 | .0 1?132 361
74 335.3 43
75 | 1 993 36
761 330.2 | 116, . 950 ggg
771 322.0 | 112.8 | 124.8 35 | 1106
% 337.6 103.7 | 116.4 | 31,1122 345

' 1042428 | 3046




- on water requirement are included here.

Journal of Agricultural Research YVol. 34, No. 12

-— e

TABLE 8.—Water requirement, based on dry matter and grain, of varieties of wheay
at Akron, Colo., 1915—Continued

ments based on—

1118

. i
Variety | Period of growth | £ot| Dry Grain - Water |Grain———

1
! No. | matter '
| i Dry
’ Grain Jmatter
| R N _— . — —
! Grams [Grams Kgms. | P. et, ’
C.1.4082, S. P. 1. 36388 (7. | May 22 to Aug. 25. 811 97.3. 1048 351077 | 373
durum), from Peru, old 8 | 285.1] 96.8, 122.6 34 | 1267 | 430
seed. 87 2757 | 849 1153 311358 418
8 2850 86.6. 1161 301341 407
89 202.8 | 83.0 1248 | 28 1504 426
; 90 ( 311171049 130.9 34 | 1248 | 421
Mean...... . [ [— e, |- 1290638 | s1320
4
C. I 4082, 8. P. 1. 36388 (7. ' May 22 to Aug. 25.) 91 201.2 11021 | 1284 35 1258 441
durum), AKron seed. : - 92 324.2 1004 | 141.3| 34 1909 436
i 93| 32211 953 139.4| 301463 433
B4 306611000 12401 33/ 120 404
951 270.2( 856 1189 32 | 1389 440
| 9 | 243.3| 844 1054 . 35 1249 433
| ———] X R e
Mean.____.._._______.__ RS- N [ oo e, | 1315428 | 43143
Marquis, C. I. 3641 (T.° May 22to Aug.16.| 97 1089} 71.3 ‘ 82.6 36 | 1158 415
aestivum), old seed. : 98 1 212.4 74.4 86, 2 35 | 1159 406
: 99| 21981 76.6' 865 35| 1129 304
1001 20591 7.20 8.2 35 1211 419
lo1 [ 2118 69.2 8.2 33| 1260 412
02| 109.7] 60.4| 847 351220 424
| Sl ekl Pt Nl
U IR [ b L [ 119015 | 41243
Marquis, C. I. 3641 (7. . May 22to Aug.16. 103 | 220.6 | 71.7 95. 4 33 | 1331 432
aestioum), Akron seed. 14 200.0] 64.3 ! . 9 1305 420
i 199.5 | 86.1 9 1330 441
196.2 | 62.5 ! .9 1326 423
203.1| 68 5 .6 119] 102
2274 813! 6 1188 425
11279422 | 42423
1235 | 419
1132 379
1205 369
1220 411
1130 393
1153 405
! S [ 117915 | 30616
Jumilio X Preston._.________ May 28 to Au/g. 26.) 121 | 249.1 | 69.7] 107.2 28 | 1538 © 430
1221 243.0) 65.5| 1018 27| 1554 . 419
123 | 2574 623 106.4 24 | 1708 ;413
124 25431 5761 1047 231818 | 419
25| 280) 503| 11560 182308 | 115
126 | 3031 | 359 1246 18 | 2320 411
Mean .o [ [ N | 1850103 4172
Preston, C. I. 3328 (T, qesti- May 28 to Aug. 26 127 20421 73.3| 126.0 2511719 428
rum). IR 2000} 7070 1271 27 ; 1636 438
1290 239.2| 60.0 | 112.4 25/ 1873 470
130 | 257.21 584 1196 23| 2048 ) 465
1311 2834 | 66.3 | 133.2 23 | 2000 470
132 308.9 64.5( 1364 31| 1443 ! 442
Mean....._.... | l [ _____________________ 1788£71 | 45246

EFFECT‘ OF OLL SEED ON WATER REQUIREMENT

Since the results are so slight as not to affect, the general average
of these varieties and since they serve really only as duplicate
determinations the measurements covering the effect of old seed
The new seed was pro-

|

T
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duced in 1914 and the old seed was part of the original importation
o:'l(;vas produced earlier than 1914.
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\ comparison of the water-requirement values of durum and
Z C

m m sis of both

; both new and old seed, on the basis o h

30 ;;lg?te?'};?:itsgg?n production, in 1915, shows the following results:
ry

Water beagire | Water requirement
ment sed on based on total grain
total dry matter with

. with—
Variety

!
Old seed [New seed| Old seed i New seed

oaLs: 74 | 36446 944415 1042428

Durgm it ggéis 3902 | 1122411 1129411
41348 | 43143 | ¢ 131528 120933

oo e o, 41243 | 42423 | 119015 | 127922
Con‘lMarqms’ CL3BL oo | 4615 | 4694 145139 1§1,i§g
&L 5053 | 5014 172525 1766+3¢
C.1.4087 e

423+4 430=|=4=‘ 1291:9:24i

i ' i ccept in one case are all in
differences are very slight but excep i
onE}(li?rection, the old sced giving the lower water requlremeni1 A
A similar experiment was cor}ductgd in 1916 thce;;,)t t&atpcl)‘()d:ggd
3 § nd was compared with “first generation” se ) 2(
i‘;laslgiid, :nd with ‘‘second generation” seed produced in 1915.
The wat’er-requirement measurements were as follows:

! N
¥ i ; t based on
Water requirement based on | Water requiremen
total d(rly matter with— grain with—
T
Variety irst | ’ First Second
. First | Second , 1
’ " genera- \' genera- | )4 coag generation t‘gemzmd
| Old seed (1 eed | tion seed seed jon see
|
! ey 1 003480 | 182i+60
Durum wheats: _ ; 1003
! . =9 | 68318 | 22914172 2
& I e ‘ ??gifg 1%% | 71210 | 21262104 | 26402170 | 2085104
(‘on}&l‘;)rx:u:\;?egszl 3641 . 68012 7263 ‘ 71319 | 2395::230 | 2339::126 | 2008413
Mean o 68818 71818 7h3:tlﬁ 2271176 \ 22944131 | 197574

WATER REQUIREMENT OF BARLEY, OATS, AND RYE, 1915

gav water requirement of 40411 and rye of 469+8.
Balil&el;ciagaaewi;t-er requil('leme?t,hwhtl‘ln ttmsed on grain production,
946 5,eualtothebestotewe;as. o _
Of’?“\iﬂ?oivgriet%es of oats were grown in 1915, Burt with a wate}r
requirement of 445+ 5, and Swedish Select with a water requirement
of 448+ 10, a difference of less than 1 per cent (Table 9). As'c;)lm_-
pared with wheat, oats had a water requirement 4 per cent hig et1;
On the basis of grain produced, the water requirement of Burt oats
was 1150 + 27 and of Swedish Select 1102 + 34, both somewhat lower
than in 1914 but about the same as the durum wheats. :
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TABLE 9.—Water requirement, based on grain and dry matter, of barley, oats, and
rye at Akron, Colo., 1915

! Water require-
| ments based on—

. . . .l
Kind of plant Period of growth | N(())? ! m]a){tsiar Grain | Water Gramj“\'
: Dry
: ’ Grain | matfer
T
Grams | Grams| Kgms. | P. c1. |
Barley, Hannchen, C. I. 531 May 28to Aug.11.' 133 | 204.8 88.5 72.8 43! 823 | 355
(Hordeum distichon). 134 | 283.7 | 131.5 107. 4 46 I 817 1 379
135 | 271.9 | 131.0 105.8 48 | 808 | 389
136 2741 | 106.6 121.9 39 1 1144 {45
137 ‘ 2852 1116.0 | 1149 | 41| 901 | 403
138 ! 250.4 [ 102.0 113. 4 41 ; 1112 ‘ 453
Mean....____._____. R S [ [ .o 01930 404211

Oats, Swedish Select, C. I.

May28to Aug.21.] 139 | 3175 | 128.8 136.9 41 | 1063 ' 431
134 (Avena satica).

140 | 349.1 [ 149.0 | 144.6 43 970 | 414
141 | 307.2 ) 128.1 | 147.4 421 1151 i 480
142 | 284.0 | 107.3 | 139.3. 38 | 1298 490
143 | 363.2 | 1448 | 163.21 40 | 1127 449
144 | 373.5 | 158.4 | 158.5 42 |/ 1001 1 424

Mean._ ... T ’ ........

leeoo| 110234 48410
| 36| 122 4g7

Oaterurt, C. I 203 (4. | May28to Aug.11_| 145 | 274,

. 51 68.8( 122.7
sativa). 1146 | 223 ) 82.9 | 905 37| 1200 . 448
| 147 | 203.4 | 80.1 | 97.7| 39| 1220 430
| 148 213.2 | 889 | 950 42| 1069 . 446
149 | 200.3 | 828 90.1( 40| 1088 . 430
150 | 273.8 | 106.7 | 1153 | 39| 1081 ;421

...................................... I!' coceeooleee| 1150227, 4455,

Rye, Vern, C. I. 73 (Secale | May 28 to Aug.17.| 151 | 2220 T 8/ 101.9 32 | 1419 : 459
cereale). 152 | 205.8| 71.6 92. 8 35 [ 1296 451

. 153 | 178.7 | 54.2 88.7 30 | 1637 - 496
154 | 207.8 ! 80.9 89.5 39 | 1106 431

155 | 206.1 . 62,7 98.5 30 | 1571 478

156 | 196.8 ' 51.9 97.6 26 | 1881 496

i
........ r oo-...| 1485180 46948

As in previous experiments rye was the least efficient in the use
of water of any of the small grams. It was followed by the common
wheats, oats, barley, and durum wheats in the order of their increased
efficiency. On the basis of grain production barley is the lowest,
followed by durum wheat, oats, rye, and common wheats. It is
possible that the relatively high water requirement of barley and the
durum wheats is due to the cool, damp season, which was less favor-
able for their growth than for some of the other varieties.

WATER REQUIREMENT OF FLAX, 1915
Six varieties of flax were grown in 1915. (See fig. 4 and Table 10.)

The water requirement of each variety, based on the production of
dry matter, is as follows:

Kashgar___________________ 569+4  Smyrna.__________________ 663+ 16
North Dakota Resistant___. 579 +10 Jalaun____________ " 777777 682+ 14

eserve____________________ 615+7 _—_
Soddo White____________°°° 625+ 4 Average__ . __________ 622+ 10

Water Requirement of Plants at Akron, Colo. 1121
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i iv t to alfalfa,
i ater requirement, about equn'alen' 1
Flax ﬁl astﬁaglggyvgf the sxgall grains,. The range in wat(lar requ1r2e6
ani? lgf et1i1e varieties here tested, based on the lowest value, is
me

per cent.

—Waler requir rai r tier, of flax varielies,
ement, based on grain and dry maller,
TasrLE 10. L qu / “Colon,

Water require-
ments based on—
i Pot! Dry in | Water [Grain
Kind of plent Period of growth | ;' mayger | Grain . rs
Grain | patter
[ ]
FLAX
(Linum usitatissimum) Grams Grm:s Kt;’_"as- P'zcé- i i
i J 7.0 157 140.0 | 40. 5.
North Dakota Resistant, No. | June 1 to Aug. 1 15T 9] e »s 2| e gzg
160! 166.5 . A
%61 141.3 7] 40.0 81.1 28 | 2028 ggg
162} 152.5 48.1 89.4 32| 1859
RO SRR ISP P, 205487 | 57910
Mean. .o m i P
7 76
69.1 | 42.1 114.3 25 715 6
Smyrna, S, P. I. 36949 (Tur- | June 1 to Aug. 26_. }2 _{95. 1 &i| s LRI g?g
R HEHE U
175.0 32.4 3
}g? l‘i'g. 3| 45.9( 1111 26 24§0 gg
168 | 203.7 | 53.9| 138.7 26 | 2573
R I IS 2785--82 | 66316
Mean ..o m e ccmme | ccean e o
634
V hi n _.| 169 169. 1 66. 4 107. 2 39 | 1614
Soddo White, S. P. I. 37086 | June 1to Aug. 17 109] 1811 6.4 ¥ 3 15482 ggg
(Abyssinia), C. I. 36. 10, 1394 %8 104.2 :g g& a9
72| 162.2 | 64.5| 100.
} 73] 169.8 | 67.3| 107.5 40 | 1597 Ggg
174 | 163.0 | 65.3 96.6 40 | 1479 5
R S I 154817 | 62524
Mean. oo ocm et ramm e lame e e ]
i 5 . 38.2 83.8 32| 2184 702
Jalaun, 8. P. 1. 36566 (India), | June 1 to Aug. 17_. %;g }(1)34{ 82 5.8 32| ue 6;3
-2 177 | 80.5| 24.2| 626| 27 2587 699
178 | 116.6 39.'; ?11)3 34 | 2050 e
7 34.4 . R
188 94.6 | 25.8 69.8 27 1 2705 735
SR ISR AR SO 24204101 68214
Mean. oo ceeme e me e e emaan
8 . 2 99.2 15 1 3937 589
Kashgar, 8. P.1.37719, C. I. ; June 1 to Sept. 2.. }Sé i%g gg 2 a2 12 3587 2684
- 183 | 1700| 1006 91| 6 9085 63
184 41L7 1.7 80.7 |oeme s o
185! 179.4 | 14.3 99.3 8 196944 o
186+ 185.7 16.2 102.9 9 196352
SRR RO PSRN R 3975:£32 | 5694
Mean. oo e
71T 5 99. 9 26 | 2220 580
Reserve, C. 119 _.._._...... June 1 to Aug. 2. }gé . }éﬁ 0] w0l 2 - i
189 189.1 45.3 121.1 24 : 2673 fod
190 ; 177.2| 46.0| 110.3 26 : 2398 o
191 | 195.3 53.2 | 116.7 27 ! 2}94 it
192 | 200.6 | 48.8 | 124.2 24 : 2545
R PR RS U | 2388£57 | 6157
Mean .o e e |

@ Omitted in computing mean.
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Based on grain production the water requirement of flax was ag
follows:

Soddo White_____________ 15648+17 Smyrna_______._.________.__ 2785482
North Dakota Resistant__ . 2054 4 87 Kashgar _________________ 3975+ 32
Reserve.__.________________ 2388457

Jalaun____________________ 2420+101 . Average_________.__ 2528470

The range is very great, the most efficient requiring less than two-
fifths as much water as the least efficient, and ranking in grain pro-
duction with some of the better common wheats.

F16.4.—Flax grown in the water requirement experiments at Akron, Colo., in 1913. Photo-
graphed July 13, 1915

WATER REQUIREMENT OF CORN, SORGHUM, SUDAN GRASS, AND MILLET, 1915

The values obtained for these crops in 1915 were as follows:

Millet._________ . ____ 202+ 1 | Corn, Northwestern Dent_____ 25347
Sorghum, Minnesota Amber___ 20343 | Sudan grass____.____________ 260+ 3

Millet and sorghum gave about the same result while corn re-
quired 25 per cent, and Sudan grass 28 per cent more water than
millet and sorghum. Millet and sorghum have the lowest water
requirement of any of the crops grown. The water requirement
based on grain produced was lowest in millet, 665 % 24, highest in
corn, 2060 =108, and intermediate for sorghum, 1116 +105. The
value for millet was the lowest recorded, while the water requirement
of sorchum was about as low a§ for the durum wheats. Table 1]
summarizes the results of this experiment.

June 15, 1927

TABLE 11.—W
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ter requirement, based on grain and dry ma,ttejr,5 of millet, sorghum,
¢ sudan grass, and corn, al Akron, Colo., 191
su
,,,/g — —

! | Water require-
‘ : ments based on—
! .
Pot| Dry | Grain! Water Grain\
Period of growth |4 | matfer : Grain \ \
1
‘ |
'1 I

= . Dry
Kind of plant 1 Grain | yatier

’ » \
- ! Grams | Gra’n{s K%Lsé P. gé - 190
7 26 to Sept. 2.} 223 | 248.1 . BY. . oo 19
Alillet, Kursk, 8. P 134770 June P ARSI wi ;3 ?8 1
“( Chactochloa italica). ; 2 2(7)1(1) | ;gi gég x| o 22
- 226 | 304.1! 73 . 1
227 241.5: 73.3 48.9 30 | 667 %(l)g
228 | 200.0° 63.2 ‘L 424 32) 67L B
\ .. 665524 \ 20221
--------------------------------- i ! -
AleAn . o.ocommmmmmmmmTETTTITITII IO = =
26 758
. Sept. 14.| 235 | 1824 | 47.51 36.0 .
Rorghum, Minnesota Amber, . June 26 to Sep zo| T ) 36.9 ég 1333 304
A, D.1.341-13 (Andrgpogon B 220 %o "o | s i
| AR U I
9 177.3 ¢ . .
l 22?10 23& 8, 387 49.7 15 | 1284 192

| Rt M

| 1116105/ 2033

DS T T ! .-

)
Rudan  grass (Andropogon |

aethiopicus): ) 408
worghupie (fIRORYT (in_ the | June 26 to Aug. 28.] 253 108
<helter) (first crop). | 2 304
: 256 4.9
| 257 48.8 1
! ] 258 52.4
S £ s DR R \\ ----- T
. . 1. 25017 (second | Aug.29toSept. 24| 293
erop). i 21 |
256
257
258
I (R
|
|

<. P. 1, 25017 (combined
crop).

Corn, Northwestern Dent June 26 to Sept. 14. g‘gi‘

(Zea mays). Mz 67:0 _______ b
244 | 150.5 20.5 . 39.0
i

245 ‘ 173.7 .0
123.2 |-------

Mean

WATER REQUIREMENT OF LEGUMES, 1915

Of two closely related varieties of alfalfa grown, one gsl\ f‘ga( r}fﬁlﬁg
of 695+ 9 and the other a value about 1 per cent less,f68};9 : NI
12). Cowpeas required only 413+ 5 or 60 per cent of t ({1 of ol fa.
The water requirement of cowpeas, based on seed produc jon, wos
1257 +39, almost as low as the durum wheats. A S?C(-mthan o
cowpeas planted later required 17 per cent more watel
regular crop and produced little seed.
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TABLE 12.—Walter requirement, based })glgry matler, of legumes at Akron, Colo', TER REQUIREMENT OF POTATOES, COTTON, GRAMA GRASS, AND PIGWEED, 1915
wa

I s e o — Potatoes had a water requirement of 329+4, between }clmts alnd
] ‘VsaterreQLllrement,s heat (Table 13). On the basis of tuber production the value
| o : el g d on the basis of green weight it would be about
Kind of plant Period of growth No. matterJGraxn Water | Gram\ was 940-’-134 an ¢ h it I u1renlent

Grain y atie 192 +29. During 1915 cotton had a very high water req

atter LT &

— M
ALFALFA ‘

the cool
er cent above that of potatoes, due largely to
‘(ili?n%sve(;rr&\)vﬁlch was almost ideal for potato, but very unfavorable

for cotton.

(Medicago sativa)

Grams | Grams| ]wms P.ct. .
LR st eop..... fune 17 to Aug.6.. }82 14 " """""" 6% 13.— W ater requirement, based on tuber_and dry malter, of %otatyg},;nd on
100 [ TABLEdry' maller in cotlon, grama grass, and pigweed, at Akron, Colo., £
196
197 L :
T ‘Water requirements
Mean based on—
----------------------------------------------- : Pot| Dry Tu- | y-ovor | Tu-
A.D. I. E-23, second crop. Aug 7to Sept.21__| 193 Kind of plant Period of growth No. | matter | bers | W8T | harg - ey
1 Grain matter
Mean. oo e T POTATO .
Sola um, -
A.D. I E-23 combined | June 17 to Sept. 21.] 193 (Solanum tuberosum) N wr G"gﬁ”‘; eG;ﬂ;ﬂls l‘%’f“é ce;né - "
i 19 Irish Cobbler_______.__.... i July to Sept. 25.... s Sal 21 owi 2 50 3%
| 30| 6r.2) 161) 223| 24| 1385 332
310 66.9 10.6 2.8 16 a2151 341
; 311 $5.6 | 48.8 | 255 &7 523 298
M | 312 63.4 | 15.9 20.6 25 1296 325
Mean ...
[T k | 045:£134] 3294
A'c (1))‘ L. 162-98~Al, first | June 17 to Aug. 6. Mean. oo
TOpD.
’ COTTON !
(Gossypium hirsulum)
‘Trivtnph. ool
4. D. I 162-98-A), second Aug. 7to Sept. 211 199 S 20
erop | 200 - 802
| 201 3 778
i 20 6 202
I 203 L5 . MEBD - - e e e
204 9 .
=

GRAMA GRASS

A. D. T. 162-98-1], com-
bined crop.

(Bouteloua gracilis) ;

297
200 ISt erop... ... Junedto Aug. 6| 205| 22l eel. |
201 First erop................_.
202
203
204
Mesn. oI S
COWPEA ;

(Vigna sinensis)

8. P. 1. 29282

_______________ . 217 126.3 | 39.2| 5L1| 31| 1304 405
i 218 119.8 | 40.8 | 510 31 1250 126
219 ) 1059 | 412! 415| 39| 1007 392
220 | 1525 | 42.8| 647 ’ 28 | 1512 124
21| 1283 | 301 57! 39 ! 1202 103 :
222 | 1338 4491 570 31| 1269 126 ant
Meano T eI ! 1257439 41335 Combined crop_____..__._. June 4 to Sept. 21-; ggg ?,fg S 34
‘ o,
S.P.Logos2 ... _ 259 | 734 34. 392 5 la11529 534 207 | 40.0 b
! 260 79.8| 29 390 4 |a348 189 208 | 620 [ a77
] 261 966 91 52| 9| 067 168 ' 200 | 0.7 | 291
| 262 | 658 50: aze | 8| om0 189 210 353
2037 1016 7.3 468 71 6411 161 i | 31214
I 24| 769! 26 351 | 3 |e13s00 436 - ===
Mean J f

-] 59393832 45348 ’
- ° Not included in the mean.
33534—27.




1126 Journal of Agricultural Research

Vol. 34, No. 12

TaBLE 13.—Waler requirement, based on tuber and dry maiter, of potaioes, and on
dry matter in cotton, grama grass, and pigweed, at Akron, Colo., 1915—Contd.

Water requirements
based on—
Kind of plant Period of growth I]:J%'f mﬂ’{&, 1’)1;}-15 Water 1’)1;;1;
| Dry

Grain imatter

PIGW EED i
{Amaranthug retroflezus)

First ¢ropeeccccocccoccamcea- June 26 to Aug. 6.

Pigweed produced only two crops with a water requirement of
2294 3, while grama grass also produced two crops and had a water
requirement of 3124+14. During 1914 pigweed was 21 per cent
and during 1915 27 per cent more efficient than grama grass. As
compared with sorghum and millet, pigweed required 13 per cent
and grama grass 54 per cent more water.

SUMMARY OF WATER REQUIREMENT MEASUREMENTS MADE IN 1915

The climatic conditions in 1915 were unusually cool and damp
as compared with average years. (See Tables 27, 28, 31, and 32.)
The evaporation, 33.40 inches for the growing period, was lower
than for any year from 1908 to 1924, and the precipitation was
unusually heavy, 19.44 inches for the six months’ growing period.
The water-requirement value in 1915 (see Table 28) was 27 points
lower than 1914, 45 points lower than 1916, and 20 points lower
than 1917. A comparison of the water requirements of the 1915
crops with those of 1914, shows that cowpeas was the outstanding
crop of 1915, with a water requirement 43 points lower than in 1914,
while the 15 crops grown for the period, 1914 to 1917, ranged from
19 to 43 points lower in their water requirement in 1915 than in 1914.

Of the crops grown during the period 1914 to 1917, the lowest
proportionate values in 1915 were for corn, 8 points below the mean
of all crops, followed by Kursk millet, Swedish Select and Burt
oats, cowpeas, and Sudan grass. The highest relative value was
for grama grass, 17 points above the mean for all crops, followed by
Galgalos wheat, cotton, alfalfa, and Kubanka wheat.

15, 1927 Tater Requirement of Plants at Alkron, Colo. 1127
June 15, 192¢

/ -

; orain production the water requirement was lower
_ On t}l etl?:r?sir? faﬁ? otlll)er year except 1912. (See Table 29.)b In
. 191? the plants which have a low water r_equu'ement on the basis
oy tt(Ie)r also have a low water requirement when based on
Ofa(']mryvriglad Oats was proportionately low and sorghum propor-
(14 ¢ A .

tionately high in 1915.
WATER REQUIREMENT OF PLANTS, 1916

< 1 included in these

ts grown at Akron in 1916 35 sets are Inc :

l())lfst he'II‘)lllznye;r was unusually dry, the precipitation for the gr_o\:1 -

fa" ee.riod being 10.77 inches, the lowest for any year of t_he p'erli)1 ,

llré)bllp to 1917, with the exception of 1911.d ) Eirap}?'rai;mon:& éllt/h(lnsl g}}rllctﬁ:
i i ' ingly high.

for the growmg period, was corresponding high. Although e

; > 0 for the season was as high in 1911 as ) the

ggrll)toﬁ‘gftlgxlrlaporation was more evenl{f1 istributed in lgﬁ laul‘Iiill o:Tutl})lé

oration was higher than m any mon g

lgxlvi%dt}llgogvgg 1924, inclusive. (See Tables 27, 28, 31, and 32.t)

Ii‘ehis unusually dry month is reflected in the high water reqplremt_md,

since practically all crops were actively growing during this period.

WATER REQUIREMENT OF VARIETIES OF WHEAT, 1916

. . . 6 of
i { wheat were grown in 1916, including 8 durum,
coxk;lﬂntggn :relfls f of a hybrid wheat. The water-requirement results,

g ’
based on dry matter, are as follows:

D : Commox}—Continued.
uruII{I:l'banka, C. 1. 1440___. 636114 Pacific Bluestem, C. I 60047
C. 1. 4082 (old seed)_--- 666 4 24 Mix(-)g?]i_s_ _(-)—i“‘.?;-(‘):fl- Es-e—c_-
C'tIibioiic(l?eco? _d _g_e-n_e_rja, _- 683+ 18 - ond géneration seed)._ 713319
Kubanka, C. 1. 2094___. 69630 Marquis, C. I. 3641 (first
C. I 4082 (first genera- generation seed) - - -- 8 1 ,
“tion seed) _ccmocoomao= 71019 Haynes Bluestem_..---- 743+
. 4131 nd gen- . _—
C'egatitln see(csf(_x.)____g__- 712410 AVETRES - -~ e 701411
C. 1. 4131 (first genera- . —_—
tionseed) o= 717+ 30 | Hybrid:
7 15 Kubanka, C. I. 2094X
C'i. 4131 (old seed)-- é%zg_iz_o Haynes Bluestem._._-- 636+ 21
Verage o —coooam- ‘
Common: Average for series-._-- 692417
Galgalos, C. 1. 2398_____ 652+ 8
Marquis, C. 1. 3641 (old
seed) oo 680412

The water requirement for the durum wheats was 1 per cent lower
than the watexfl requirement for the common wheats. In conftrast,
to 1914 and 1915, Kubanka had the lowest water requirement o any
of the varieties of wheat grown. The variation between the lowest
and highest water-requirement measurements of the du1‘}uzls 1::va_s 13
per cent. The lowest value among the common wheats was obtaine
from Galgalos, 652+ 8, which was 2 per cent higher than the mosfc
eflicient durum. The varieties of common W}}[’eat showed a range o
14 per cent in water-requirement measurements.

'IPhe hybrid wheat ha%l a water requirement 14 per cent lower than
that of the common parent, 9 per cent lower than that of the drlx‘lrum
parent, and 12 per cent lower than the mean of the parents. . t})1e.?1e
results show a marked improvement on the part of the hy r11 ,
an improvement equal to that shown by corn hybrids. Among the
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corn hybrids the water-requirement range was from 10 per cent above
to 10 per cent below the parental mean. The water-requirement
measurements for the wheat hybrids recorded in this paper range
from 14 per cent below to 14 per cent above the parental mean.
On the basis of grain production the hybrid requirement is 16 per
cent more than the parental mean.

The water requirement measurements of the wheats, based on
grain production, are as follows:

Durum wheats

Common wheats—Contd.

Kubanka, C. I. 1440__ 1779+ 108 Haynes Bluestem_____ 2338478
C. I. 4082 (second gen- Marquis (first genera-
eration seed) .. _____ 1821 460 tion seed) _____ _____ 23394126
Kubanka, C. I. 2094__ 1857+ 142 Marquis (old seed)____ 23954 232
C. L. 4082 (first genera- ) Galgalos, C. 1. 2398 _ 24454155
tion seed) . _________ 1903 + 80 Pacific Bluestem, C. 1.
C. I. 4131 (second gen- 4067 ______________ 2959 4 346
eration seed)_______ 2095 + 104
C. 1. 4131 (old seed) - . 21254104 Average. __________ 24144192
C. L. 4082 (old seed)_. 2291+ 172
C. I. 4131 (first genera- Hybrid:
tion seed) . .___ _____ 26404170 Kubanka, C. I. 2094 %
Average __________ m Haynes Bluestemn___ 2434 +103
Common wheats: Average for series_. 22294 152
Marquis (second gen- -
eration seed)_______ 2008 443

The water requirement of the durum wheats in 1916 was 2064 + 123,
or 85 per cent of the common wheats. Kubanka, C. I. 1440, gave
the lowest water requirement of any of the varieties grown, while
Pacific Bluestem had the highest value. One of the sets of Marquis
wheat again gave the lowest water requirement of the common wheats,
The range in water requirement was about the same jn both groups,
the lowest value being about 68 per cent of the highest. On the basis
of total dry matter the water-requirement range in the durum group
was also the same as in the common group. Based on grain produc-
tion, however, the water requirement of the durums was much less,
the lowest value being 88 per cent of the highest. Table 14 gives
the water-requirement results for the wheat varieties in 1916.

TaBLE 14— ater requirement, based on grain and dr

y matter, of wheat varieties
at Akron, Colo., 1916

.
I Water require-
‘ ments based on—
Kind of plant Period of growth I}:Im Dry | Grain | Water |Grain —
O [ matter Grain f Dry
matter
R N
. . Grams | Grams| Kgms. | P. ol
Kubanka, C. I. 140 (Triti- | June 3 to Aug. 12 . 1 89.6 | 29 2 62.3 33 | 2134 695
cum durum).
2| 1043 | 387 64.0 37 | 1654 614
3 . 3 1689 569
4 5 1746 653
5 1718 [ 668
6 1731 | 618
1779-+108! 63614
2360 678
2937 627
2079 | 6la
2652 i 658
1963 652
1781 |85

1927 Water Requirement of Plants at Akron, Colo.
Juge 15,
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at Akron, Colo., 1916—Continued

: 14.— W ater requirement, based on grain and dry matter, of wheat varieties
TasBLE 14—

Water require-
ments based on—
Pot! Dry Grain | Water ‘Grain
S Period of growth No. | matter 2
R otpnt 1 ‘ Grain mlgger
!Gramx Grams K%an% % P ‘it 2243 697
Pacific Bluestem, C. I. 4067 | June 3 to Aug.21.. ii | 13;(1) 4(4):1 sl s S ?;;
. ; . 24 i
T. acstirum). 15, 1164 285| 800
( 16: 60.0| 16.9| 64.7| 19| 3828 g)g
18: 545| L5| 807 oo \
‘ e beeeen 2059:-346] 650=£7
D18 (17:1 ¢ DI UPN I I GUP PR PSS SRS -
T .3 | 371794 670
1. 4131 (from Siberia) (7. | June 3 to Aug. 16__ %g | gé.g gg:g 23.5 r 37| Lo 670
Cau 1 seed ") 1| 27.6! 28| 248 693
e G %0 w2l 04| o, o|ise 735
2 76 . . 7
o 2206 710
23, 70.8| 22.8| 50.3 } 32 1
247 2n.2| 65| 223 24 [+3431 820
I . L. 2125104] 71915
Mean. oo [ .
2.6 | 26 93405 894
. 1. 4131 (from Siberia), first | June 3 to Aug. 16__ gg ;3% 2(;:; ;9. 8 | 20 ng
X il &7 26.2| 25| 2701 665
.......... ... i 26402170| 71730
Mean . | e e
0| 29 | 2447 708
(. 1. 4131 (from Siberia), sec- | June 3 to Aug. 16__ 33§ . :‘jgg 38:3 %g 9 2 2 _’,47
ond generation seed. P B8 %04 5.9 gé iggg égg
T3] 26.7| 515
gg wi| 32| 31| 302356 705
R b | 2005-£104] 71210
Mean.. e e e
L5 1 32 12043 646
€. 1. 4082 (from Peru) (7. | June 3 to Aug.21.. ﬁ ?3% 1(15; ﬁg | 50 5989 70
durum), old seed. 1 22, &1 1.3 ‘ B B
, s ,1,§~g 10.0] 152 39150 587
47 29.4| 147| 351! 302388 711
e [ | 22914172, £66=:24
Mean oo e e e el i s
5 9.1 | 40 | 1819 727
C. 1. 4082 (from_Peru), first | June 3 to Aug. 21 . gg 2§'§ 2;:3 :159.3 0 | 1819 2
peneration seed. 51 96.2| 40.3| 67.1] 42 1602 oo
5§ 33':0; ;(1)‘?; 3(131 3 | To%0 665
62. . .
24 ©100.0 | 43.5| 76.3| 441754 763
[ | 190380 | 7109
Mean. oo o e
5 245 .91 2912208 649
C.1.4082 (from Peru), second | June 3 to Aug. 21.. gg 24'? 3;:3 15' 29 | 2208 |
gencration seed. 6 7| 314 421018 9%
¢ g . 5 36 | 1779 | 633
gg 9 12 3 1907 o4
60 .5 .2 45 | 1648 !
______ | 1821£€0 | 68315
I —— 21 | 2976 | 635
i ; 4. 4 1 ’
Marquis, C. 1. 3641 (7. du- | June 3 to Aug. 9... 6& 38% 33% 20.1 . nr | 0o
P cld seed. % 2o w1l Br| @ 2 o
72 41| 9.8] 332| 203388 | 676
[T | 2395-£232] 68012
Mean__ ..o o e

@ Omilted in the mean
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TABLE 14— Water requirément, based on grain and dry matter, of wheat varieties
at Akron, Colo., 1916—Continued

II Water require-
| ments based on—
Kind of plant Period of growth 1{}%" m]g{t}er Grain | Water |Grainj———
: Dry
] Grain matter
! Grams |Grams| Kgms. | P. ct.
Marquis, C. I. 3641, first gen- | June 3to Aug.9.._.| 73 78.5| 26.5 56.3 34 | 2125 717
eration seed. 74 92.3 | 36.0 66. 3 39 | 1842 718
75 56.5 | 17.7 39.8 31 2249 704
76 86.1 29.0 62.7 34 | 2162 728
. 25.9 32 | 2313 736
.4 23 | 3342 753

Marquis, C. I. 3641, second

21 (3925 805
generation seed. 37 | 2008 771
35 | 2026 699
31 | 2152 673
35 | 1897 655
36 | 1868 674

Mean......._ .. [T~ f R || 2008243 | 713210
Kubanka, C, I, 2094 (T. du- | June 3 to Aug.16..| 91| 323 1 9.5 23.4 29 (22463 724
rum). 92 54.5| 158) 313! 29198 574
94| 13.5| 50 10.2) 372040 756
96 85| 4.0 6.2 | 471550 729

Mean..... ..o [ e [ |- 1857£112] 69630
Kubanka, C.1.2094 X Haynes | June 3 to Aug.16..; 97 65. 4 I 18.0 39.0 ’ 28 | 2167 596
Bluestem, C. I. 2874, 98 | 94.8 | 295 6.7 312002 651
99| 927! 25.4| 56.5| 27| 221 | 609
100 | 77.81 19.5| 487 | 25| 240° 626
101 1 3.7 71| 201| 192831 548
' 102 78.9 ' 22,2 62.0 ’ 28 | 2793 786

Mean ... T [ oo [ 24342103 63621
Haynes Bluestem, Minne- | June 3 to Aug.9.__' 115 ‘ 97.5 323 ' 74.1 33 | 2204 | 760
sota 169, C, I. 2874 (7. (16 9.6 331! 688 342079 | 712
aestivumy)., ‘117 ] 865 320 ] 71| 332222 737
18| 99.1 320! 685 32]2141 691
(119 958 30.4 l’ 76.3 | 322510 | 796
©120] 689 189! 526 | 272783 | 763

Mean.._______....__ ... .. . I! _______ ( ________ ) ______ 2338178 | 743211

' i

2 Omijtted in the mean.

WATER REQUIREMENT OF BARLEY, OATS, AND RYE, 1916

Barley gave a water requirement of 664 + 9 and rye of 80011, or
64 and 71 per cent higher, respectively, than in 1915, Based on
grain weight, the water requirement of barley was 1425+ 27 and
of rye 2871+ 99, or 50 and 93 per cent higher, respectively, than in
1915,

Two varieties of oats were grown in 1916, Burt, with a water
requirement of 809 + 5, and Swedish Select, with a water requirement
of 876 £ 21. Oats had a water requirement in 1916, 88 per cent higher
than in 1915. As compared with wheat, oats had a water require-
ment 22 per cent higher. On the basis of grain production, Burt oats
had a water requirement of 1975+ 49, or 72 per cent higher than in
1915, while Swedish Select required 228839, more than twice as
much as in 1915 (Table 15).

Water Requirement of Plants at Akron, Colo. 1131

June 15, 1927

5. —TVater requirement, based on grain and dry matter, of barley, oats,
5.—1W

TabLE 1 and rye at Akron, Colo., 1916

‘Water require-
ments based on—

i Pot, DIY |Grain| Water |Grain
Kind of plant Period of growth No. | matter ‘ s
} Orain | jattor
E P.ct
i Grams |Grama | Kgms. | P. ct. -
0| 1428 707
July20..|139 | 82.2| 40.7 | 58.1| 5
Barley, Hannchen, C. I 531 | June 3 to July 10l 103.2| 42| 7L0| o7t | 68
(Hordeum distichom). 18 e 53(2) g‘ég ig 1346 s
108.5 | 52. .
}ﬁ N22| 525| 13.8| 47| 1406 65(8i
144 1025 | 44.5| 66.2| 43| 1488 64
1425427 664-9
918
L9127 1040! 422 955 40| 2263
Oats, Swedish Select, C. I. | June3d to Aug.9 o7.7 | 40.2| 93.6| 41| 2328 gfg
134 (Avena satira). 108.1| 38.8| 98.4| 36| 2536
983 | 34.6| 79.0| 35| 2283 804
106.7 | 40.7 | 93.9| 38| 2307 880
104.6 | 40.7| s8Lo| 39| 2012 783
O N IS 2288::39| 87621
BLY -1 + I DU OI IR SOIN ISR PP EIyeS R
795
v26_.[ 133 | 90.4 | 39.8| 7L9| 44| 1807
Onts, purt, C. 1. 203 (4. June 3 to July 20 153 86.0 | 38.3 | 67.4| 45| 1760 784
satica). 135 | 80.0 33.0| 64.9] 41| 1967 1l
136 | 854 35.2| 70.7| 41| 2009 828
137 | 823 33.3| 8.1 40| 2045 827
138 ss.7| 31.6| 75| 36| 2263 806
| JLNRUN I 1975:4-49| 8095
Mean ..o mmmeeme e el
5 5 7 3157 833
Rye, Vern, C, I. 73 (Secale | June 3 to Aug.5__. izg 3-11.; g‘;’g 4(8):: gg i s
cereate). 147 | 89.1] 20.8| 69.9| 23| 3361 785
148 | o944 34.1| 7L.6| 36| 2100 753
149 | 56.9| 16.0| 457 | 28| 2856 80
150 | $5.5| 229 659 | 27| 2878 771
RN RN R 2871:99] 80011
Mean. ..o |, [ I ________ |-

i Y i sd on
ish Select oats had the highest water reqmremer&t basé ]
totsavlvfi(il; matter of any of the small grains, and was foll%gv el;i bi Balllll 5
oats, rye, the common and durum wheats, and barley. Ku z;n ?anv
Galgalos wheat and barley had the lowest water requ1rergentsdomofe
of the small grains. Oats and rye seem to have been affecte
than any other crop by the extremely dry season.

WATER REQUIREMENT OF CORN, SORGHUM, SUDAN GRASS, AND MILLET, 1916

i in 1916 at Akron.
Only one variety of each of these crops was grown in n.
The w);ter-require);nent results obtained from this test were as follows:

y 426+ 3
S i ber.. 296+4 : Sudan Grass_ - - oo ___ .
Ay Minnesote. Amber.. 2004 - Sudan Grass. o0 -+ 42023

Thi r of high water requirement did not greatly affect s_orghum.‘
(See ’I'Sa)lr)(la: 16.) %&lthough 4q6 per cent higher than in 19151; its Wagieé
requirement was relatively low. A similiar response has e}?n note
for sorghum on several occasions, which during hot weat eI‘SC(éI;;
Pensates in growth for the increased rate of transplrz}tlhorll. u lan
grass behaved much as did sorghum but ghowed a ghg tly grea !
reaction to the dry season, the water requirement being 64 per cent
higher than in 1915. Millet, with a water requirement 82 per cent
and corn and Swedish Select oats with a water requirement 96 per
cent above that in 1915, responded to the dry season to a greater ex-
tent than any other crops.
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TABLE 16.—Waler requirement, based on grain, of corn, sorghum, and millel, ang
on dry matter for sudan grass, at Akron, Colo., 1916

A - - -
‘ \Water require-
‘ ments based on—

Period of growth ii%t. mlg{t!;x,r Grain | Water [Grain

‘ - Grain \‘

Kind of plant

SS——

% Grams |Grems | Kgms.

June 16 to Aug. 23,‘; 271 | 152.9| 14.6 70.8
272

Corn, Northwestern Dent
(Zea mays).

364191 4953-13

Sorghum, Minnesota Amber, | 309
A.D. 1 341-13 (Andropogon 260 | 202 i 304
sorghum). 261 268. .

Sudan grass (4ndropogon ser- | June 30 to July 26_ | 337 | 108, | 467
ghum  aethiopicus), first 338 92
crop. 339 90.

[EX-FTRTES IS

Sudan grass, second crop..... July 26 to Sept.2__| 337 ; 67.6
3380 689
339+ 59.0
340, 62.8
341 | 54.2
.5

Sudan grass, combined crop..| June 30 to Sept. 2__ ¥ 77.1
.2 68.6

339 149.2 64.8

340 | 155.1 8.0

341 160.8 64,2

342 | 167.5 70.5

Millet, Kursk, &. P. 1. 34771
( Chactochloq italica).

R N )
SRERRE
WO O~

358
3674

e Not included in the mean.

The grain production of corn was very uncertain and is not espe-
cially significant. The water requirement, based on grain, was
3634=19. or 76 per cent above that in 1915. The water require-
ment for sorghum based on grain production, was 853 = 26, or 24 per
cent less than in 1915. This result is remarkable and shows strik-
ingly the ability of sorghum to maintain a low water requirement
even during an exceptionally dry and hot season.

The water requirement of millet was 126745, or 91 per cent
higher than in 1915. With the exception of sorghum the water
requirement based on grain yield, of the crops included in this experi-
ment, shows about the same response as does that based on total dry
matter. WATER REQUIREMENT OF VARIETIES OF FLAX, 1916

The experiments with flax were very unsatisfactory (Table 17).
The hot dry season was very unfavorable and only a few ports sur-
vived. The Jalaun variety gave a water requirement of 1008 =10,
or G1 per cent higher than i 1915, and Kashgar a water requirenent

fiany
of 812= 0, or

1o the dry,
These values,

—_— |

ement of Plants at Afkron, Colo. Livuy

-

11w

Water Requir

—

than in 1915. Flax did not respond
or extent than the other crops grown.
hin the range of expectation.

43 per cent higher
hot vear to any greatb
{herefore, fall wit

TapLe 17— Water requirement of varieties of flax at Akron, Colo., 1918
ABL T .
//‘/— | Water require-

i

! | "ments based on—
"Pot| DIy :rainl Water (Grain ——— 77

Period of erowih | NG | matter \ Grain | a ! Dry

Kind of plant Grain | podter

|
S
\

-
—
FLAX i x
{Linum usitatissimum) s to Aue. 9 \\ 172 \ Gru7m25 Gﬂi:"‘;s} Kogt'sé : P.ct.
Ju}{ux;{.g.l"l. 36566, Indian, June € L 173 \ 1%'.72 1.6 \ 1.;.'4 {2 ________

51.0 |
€8.6 |

19, C. 1. June26to Sept.‘.’..\i }

Kashgar, & P. 1. 377
50-1.

T W T i xperi kron, Colo., in 1916. Thoto-
6. “ow ‘D 1 s water requirement expe iments at A )
Fis. 5.—Cowpeas grown in the qp y Phot.

WATER REQUIREMENT OF LEGUMES, 1916

The water requirement of alfalfa in 1916, 1047=9, was hbgéhg(l)
than for anv vear with the exception of 1911, Alfalfav respon ‘1016
drv and hot weather and the high \\'at-er-l_'eqlurementv \lalu?lm qt: 16
is due partly to the first or spring crop which gave a value almost &

T - midsummer crop. In 1916 the vield of three
high as the second or midsumu T t\w}c)s crops in 1915, The water

;a

crops was less than the yield

- - . 14 d a * b 5
' requirement of alfalfa for 1916 was 51 per cent greater then for 191
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Cowpeas (see fig. 5), although a southern
cro i
agllrilatertdegrge to the hot, dry season than any cr}))f), reexs(lz)églt(iﬁg én
and (7)275:-!:8 n the basis of total dry matter the water re .
vas =8 or 86 per cent higher than in 1915, and on the basis
production, 2373 + 77, Der cent above the 1915 resul

Table 18 shows com let i
measuremente o oo III)IGS.e results for the 1916 water-requireme

TABLE 18.—Water requirement, based on dry matter,

Akron, Colo., 1916 of legumes and grain,

Water requir,
ments based 0:

Vol. 34, No.

quiremyey,

Kind of i A
plant Period of growth g%t' mlzgtyer Grain | Water (Grain
Grai Dry,
rain mat,
ALFALFA _
(Medicago sativa)
Grimm - 9 Grams | G Y
rimm, A. D. I. E-23, first ) June 24 to July 25__| 199 182 T K
| ' 201 [ 2.5
202 28.0
203 340
40. 5
Mean.____._____.______ - J
T | N 1131
Grimm, A.D. 1. E-23, second f July 25t0 Aug. 30__| 199 J
crop 200
201
202
| 203
204
Mean_.....__.._____ |
Gri — i 3
1;1;1;1, A. D. I. E-23, third Aug. 30 to Oct. 2__ %
Mean. ... | .
Grimm, 4. D. 1. E- - | Tune 24 1o 0ct. 2._| Tog | e
Doy o] E-23, com- | June 24 to Oct. 2_.

173
2640 | 803
1904 f 791
2585 | 768
2396 747
2480 755
WT3ETT 7678
|
-

WATER REQUIREMENT OF COTTON

AND POTATOES, 1916

The water requirement of
- 01 cotton was 612+9 (Table 19 38
ﬁ(lalrs ccerr(l)t ab?g_ehthat of 1915.  The hot, dry year (was favorza’bloer f(g?r
P, which was relatively as efficient jn the use of water as

sorghum, g N
ghum, and was exceeded only by grama grass and Galgalos wheat.

15, 1077 Water Requirement of Plants at Akron, Colo. 1135
uoe 15, 1924
LE 19.—Water requirement of cotlon, based on dry matter, and of polatoes,
AB ) based on dry matter and tubers at Akron, Colo., 1916 :
i ‘Water require-
; \ ments based on—
iod of growth | 298| Dr¥ [ Groin| water |Grain|———
Kind of plant Period of growth | nrg | matier | ‘
! Grain | _DIY
i matter
N ;’ -
Grams 1Grams
Cotton, Triumph (Gossypium | June 27 to Sept. 29. gﬁg }ggg i ggg
hirsutum). 249 13 867
250 | 134.2 602
251 | 187.31 632
252 | 194.3 585
B (2Y:, SR UPIES BURESUP UL SIS SIS JIpU I 6129
POTATO
(Snlanum tuberosum) Tubers
OO om e e e June 22to Sept. 13, 187 | 120.7 27.6| 90.2| 233268 747
McCormick.......---- P 188 | 98.3 1431 829 1515797 843
1189 | 108.1 26.9| 92.7| 25| 3446 | 858
190 | 110.5 2.4 | 681 222838 | 616
191 [ 741 L1 481 13| 4810 | 649
192 | 1142 95! 8.6 8| 901 | 750
Y AR SN R I LI 3510::452) 74428
“obbler. ... June 26 to Sept. 13.) 193 | 109.5 . 35.3 | 61.4 | 50 1110 559
Jrish Cobbler... P 195 | 125.4: 90.9; 82.5| 71 [ 908 648
196 119.0 83.7: 75.0| 75| 846 | 630
197 | 133.7 100.4 . 79.9| 75| 796 | 508
198 | 9L9| 3.2 656 59 | 1210 | 714
B 1 SR IR H R (R N ) 97463 ) 63017

Potatoes required about the same amount of water as in 1913.
The McCormick variety was grown only in 1913 and 1916, both of
which were dry and hot. Based on dry matter this variety required
744 £ 28, or 18 per cent more water than Irish Cobbler and on tuber
production more than 314 times as much. Irish Cobbler was rela-
tively less efficient during the hot year, 1916, than the cool year,
1915, the water requirement being 630= 17 or 91 per cent above that
of 1915. On the basis of tuber production, however, Irish Cobbler
required only 974 + 63, or 3 per cent more water than in 1915.

WATER REQUIREMENT OF NATIVE PLANTS, 1916

The most efficient plant was grama grass with a water requirement
of 336+8, the average for two crops, followed closely by pigweed
with a water requirement for two crops of 340 + 13 (Table 20). These
values are low and were exceeded in 1916 by sorghum only. During
the unusually hot, dry year grama grass showed an exceptional ability
to efficiently utilize the water supply. Itsrelative water-requirement -
value, 21 points below the average of all crops (Table 28), was the
lowest of ‘any of the plants measured. Sorghum, the second best
Crop in_relative water requirement, was 11 points above grama
grass.  Both plants showed unusually low values as compared with
the results of other vears. The water requirement of lamb’s-quarters
Was 666 +27, of sunflower, 579+ 10, and of Iva, 652+ 6, or about
€qual to such crops as the small grains, but much higher than sorghum,
torn, and millet.
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_S:\:\:—,;f OF WATER-REQUIREMENT MEASUREMENTS MA.DE n; ;?;fe t
. 3 i o note the relative bqha\*lor of di eren‘
Itis eSp-ecmtl}l{‘iim?;fscgng':reme climatic conditions. (See Table&
rops during 1 3:2})’ The weather during the year was very hot 7an8
7, 28, 3% ana oration for the six-months’ growing period, {11 }11
3. The e“;hg highest for any year from 1911 to 1917, wit the
; P nches, w an o S he precipitation, 10.77 inches, was a'lso oW,
 ammem | | T xception © d with 1911, the water-requirement values in 1916 are
- | ‘ ;}S con}lr‘)}?irse\is“probably’due partly to the very }llllg{)l _evapcg:rtlcl)rll
igher. ation for that month being o
luring J‘ﬂ}}’l’.viliiﬁlchg};e t%‘;a%)gnthly record for the period 1908 to
nch_es,. OII‘ silse This high value 1s reﬂectqd n the wa_ter—regl(lilre-
1923, mcals’uren'lents, since all crops were active during tlhls perio =
neIlrllt ”f‘fble 28 the relative values, b:}ilsed lor‘z actu{%lc ichl;ref) rgill‘i:?ﬁ o
5 of judging the relative e i
Table 27, afford o meansfo ] ne of the crops grown for the different
ency in the use of v:ater o izrslyo(f) :x eriments were conducted during
Sy = Plono-di.rs ;ngll(z—lcl)gi,sst §I(‘J/}I;e water I%quirement in 1916 was 22 eIl)g'gl\E:
Combined erop = 1 om ,tl]‘,f)\'?: the average for the period. Seven of t}f_lcro’g% tgao'\;(‘a’ er Plative
, less than 22 points above the average while elbh gave o ues
values han 22 points above. The highest value 'for the perio
f;;’;i)i;ts above the average and the lowteg'; i) lc)ilr)lc‘;;nézlg‘?vl(‘:\lalvé verace
TG i er requirement 21 points t e
of (t’l:': I:-,]r%ggzsﬁ(’)xrllt?naTv;ﬁe 28,qmade the best individual crop record.

TABLE 20.—Water requirement, based on dry mat

ter, of native plants, at Akrg,
Colo., 1916

; T
| |

Period of growth ' Pot No. Dry

i
Kind of plant ‘ matter} Water besed

(Bouteloua gracilis)
First crop

Mean..

PIGWEED
(Amaranthus retroflerus)

j y it during
R oy B0 Its remarkable adjustment to the ll;%it\’ Szye}\ﬁ i?;gfl; Ifoifclsdtltslglésf during
. od rear stamps grama grass as relativels C f ,
535? §§§| 8‘1? {‘he: basis opf ggrain productlofn sorghm}lll, “v1t£1na 'I};g%:rzrgqxgargegé
__ M0 76 &b 5 ints below the average of crops shown e 29,
S o rore =S Zzzmmceen (::'(:(I:){())tlionallv good showing. Cotton has a value l8l pomtss bg}(ﬁz 2}1%%
S . Galgalos wheat 9 points be{)cl)w theSme'z{i_nhfosreli‘:ct c;g%)s'which Jot
renr ted most unfavorably on Swedis 3
.::(';n;)o{g%sc above the average, followed by NorthwestemdDgnt ()ci(;ll:cr;’
cowpeas, Burt oats, and Kursk millet, 13, 10, 7, an P ,
Mean..__._.___._ .

respectively, above the average. ) ) ) )

ltalr‘)ﬁz i\"’at?e; requirement on the basis of grain production vi/as‘ llll,gtheg
in 1916 than in any other year. Sorghum showe:l}tlhe'lodwt(il:.t }11(:0'?1;3‘1
water requirement while Northwestern Dent corn showe e hig .

N i WATER REQUIREMENT OF PLANTS, 1917

MISCELLANEOTS : . ter~requirement
3 were used in_the regular wate: , !
Lamb's-quarters ( Cheropodium atbumy.._| sy 13 to Sept. 1.. _Onl; 16 sets of plants included grops previously ‘grown.
experiments during 1917. These incly 3 ps previousty grown.
The climatic conditions during the year were a oub n ial, an th
evaporation was about the average for the entire observation p .
Mean

The water requirement of the seven crops grown dqr"ing thedper}l(‘)}(lié
1911-1917, averaged about the same as for the‘entlie per_lof ']l Loe
Season was similar to 1913 and 1914, although the rainfall was
ureater,

July 13 to Sept. 4

17
WATER REQUIREMENT OF WHEAT, OATS, BARLEY, AND RYE, 19

Only two varieties of wheat were grown in the regulzhl ?frisiﬂ(l)r;
1917. " Kubanka had a water requirentent of 471 “1“ daﬁurt
of 5343+ ¢ (Table 21). The oats varieties, S\&'ed{shJ_S:S ect an it ;
had practically the same values, 635=5 and 636+ 5, respec y.
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The water requirement of rye, 625+ 5, was a little less than for 08
and barley, 522+ 4, and a little lower than Galgalos wheat. Bage
on index values, Kubanka and Galgalos wheat had a water requir
ment in 1917 considerably below the mean of the series.
varieties, as well as those of barley and rye,

required proportionately more water than wheat.

TaBLE 21.—Water requirement, on the basis of grain and dry matter,
oats, barley, and rye, at Akron, Colo., 1917

|
| Water require
ments based
Kind of plant Period of growth ﬁ%t' m]gftyer Grain | Water ;Grain
;
Grams |Grams | Kgms. | P. .
Wheat, Kubanka, C. I. 1440 | June 11 to Aug.21.|] 1| 1457 512 71.3 35
(Triticum durum), 2| 1617 520 .5 32
3| 149.4| 51.3| 710! 34
4| 1651 | 585| 59| 35
5| 13L.9 | 46.1| 6L.1] 35
6] 1646 57.4| 53] 3
MeAn. oo leee J ........ fomeenen [ fommeee !
Wheat, Galgalos, C. I. 2398 | June 11to Aug.17.{ 7 159.3 | 555 87.6 | 35
(T. aestivum). 8| 156.9 l 57.0 85.9 36
91 150.9( 53.3| 80.0 35
10 | 164.4 | 6.4 8.1 37
11| 169.0| 59.8| 87.7] 35
12| 1881 56.7| 91.0| 36
Mean. oo T [ | -] 151619
Oats, Swedish Select, C. I. | June 11 to Aug.17.] 13 | 185.6 | 53.9 115.0 29 | 2134
134 ( Avena sativa), 14 160.4 | 54.5| 105.0 32 | 1927
15| 161.3 | 48.3 | 105.1 | 30 | 2176
16| 161.6 ) 49.3 | 1024 31| 2077
17| 1949| 57.2( 1227 29| 2250
18| 1527 | 483 89| 32| 1965
B C T SR TV R [ feeeeenns [ | 208837
Oats, Burt, C. 1. 203 (4. [ Junellto Aug.6..| 19| 150.0 | 425 99.3 : 28 | 2336
satiza). 20| 146.3| 538 | 3| 371757
21 151.5| 46.2! 96.7' 31
22 162.2| 59.9| 103.4| 371726
23| 164.5| 7L7| 1021 | 44 | 1424
24 1483 50.7| 90.6| 341787
Mean .o I [ .| 185001 |
Barley, Hannchen, C. 1. 531 | Junellto Aug.15.| 25| 1M4.7| 49.8| 5.6 431177 | 511
(Hordeum distichon). 2 | 136.0 ( 6311 659! 461092 r 507
27| 152.3 | 68.0| SL1| 451193 533
28| 143.1 | 66.8| 753! 471127 | 526
20| M88| 70.7| 79.7! 48| 1127 | 836
30 1429 63| 1| 4|17 | 519
Mean. ..o [ [ R 148412 | 522
Rye, Vern, C. 1. 73 (Secalc | June 11 to Aug.22.| 31 | 123.2 | 357 i 292185 633
cereale). 32| 133.8| 50.6 38 | 1666 630
331 1017 34.7 '34 ] 1764 602
34 1047 | 33.3 32 [ 1043 618
35| 131.9| 42.6 32 | 1890 i 610
36 | 131.8 | 35.3 27 | 2442 | 654
Mean .oooooooooo e Lo [l ..................... 198:&84]‘ 625:£5

A number of wheats were grown in the field in pots 6 feet long,
holding the same amount of soil as the standard pots. These crops
grew on the stored soil moisture. The results of this test are given
in Table 22.  The values of the wheats grown in the field should be

. 10 per cent, to compare with those in the shelter. This
-e.luceg Silue }I:as beeﬁ used in the discussion and in the summary

e 1 .
{:ﬁﬁf The water requirements of the wheat crops are as follows:
: Common—Continued.
DU e C. 1. 1440, ___ 47144 Prelude. oo oo 482425
C.I 4082 . 465+11 Pioneer__ . ___.________ 2490
o _— Haynes Bluestem_______ 515+ 6
Average_ - __. 46848 Galgalos_. .. ________ 543+ 6
: Average. ___.________ 491+ 26
Com wer, C. 1. 3697 _____ 45948 —
Glyndon, C. 1. 2873_____ 472+4 Average for the series. 486+
Ghirka_ - 473 +57

The durum wheats are a little more efficient than the common
wheats. The most efficient is Kubanka, \vlt}} a water requirement of
47144, and the least efficient is Galgalos with a water requirement
of 543+ 6, 15 per cent above Kubanka.

ire; : t varieties
E 22.—Water requirement, based on grain and dry matler, of whea
Tast in b‘-foot’ cans, at Akron, Colo., 1917

; | | Water require-
; P D ! i ments based on—
i . ot Iy . i
Kind of plant . Period of growth No. | matter | Grain | Water Gram} ) Dry
: ! Grain matter
' Grams iGrama Ky‘rsm;. P.acst.f 1614 | 564
, iti Sept.12_..| 5| 326, 1L4| 18
"::Xs?ﬁsmf)].u estem (Triticum ) June9to Sep 6 2L9) 4.1 1227 19 3098 | 580
13 Y U K U . R SO I 57247
‘ | ' 90
. 9toSept.12..| 7| 20.0._.____. 9.8 | ... 4
C;:J;uﬁ.‘i”’ from Peru (7. June v 8 15.4i 287 797182821 s13
' ol 168| 34| 92| 20 206,58
! S | 51712
MEBN Lo oo n e meee R N !
i p —
’ i- 9toSept.12..; 13| 10.8 3.2 571 30 1781 | 528 -
03'{!;’:1)011, C.1.2873 (T. aesti- June ep 13 108 3.2 S 4 s o
' 15 147 36| 78| 21| 2167|531
Mean ool e I [ R, | 5244
. i- gtoSept.12..] 16| 178 ... r 8.7 loaee.. | 489
P?v‘.fﬁ.’)’,c I. 3697 (T. aeati- June§toSep 17| 153 8 89| 161 3178 | 514
: 18] 195 ... b U 1 I PO 528
Mean. . oo e 5109
Ghi i 12, 158 2.9 9.5 18 3276 | 601
hirka (7. aestivum)________. June9to Sept. 12 ég s 29 85 ’ ________________ 61
Mean. . i e e [ | 52663
Pbrelude, C. 1. i~ June9to Aug.22.| 25| 147 ... - N 537
vumy. 1 43%8 (T aesti-June §to Aug 26| T6 31| 46| 41| 148i| 605
i 27 8.6 oon.. 4.0 |ooa oo 465
i i
Mean......__....._.__. e O S 53628
i
Ploneer (7. aestivum)_______. | June9to Aung. 28..| 28 80 ... 4.9 ... ] .......... | 544

* Omitted in estimating probable error of means.

~ WATER REQUIREMENT OF CORN, SORGHUM, SUDAN GRASS, AND MILLET, 1917

One variety of each of the crops was grown in 1917, the water-
fequirement values being as follows:

S",Tllhum, Minnesota Amber___ 272+5 Corn. Northwestern Dent_____ 34643
Millet, Kursk_____________.. 28415 Sudangrass.._.___._._______ 378%3
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Although it had the lowest
6 points above the average for all crops on the basis of the inde
values, and of the crops i
grass, which was 7 points above the average of
year. Millet and corn departed only two points from the averag
Climatically, 1917 was about an average year. Table 23 gives t
results of the measurements of these four crops in detail.

TABLE 23.—Water requirement, based on

grain and dry matter, of corn,
sudan grass, and millet,

at dkron, Colo., 1917

sorghum,

T —— R

1 | Water requiremeny

| i based on—
: : Pot| Dry | IR :
Kind of plant Period of growth No. | matier| (}ram; Water |Grain xD
| i Ty
‘j ! Grain matig
I j |
Grams Grams Kgms.| P. ¢t
Corn, Northwestern Dent, | June 14 to Sept. 1| 67 | 363.3 P59.2 | 120.0 16 2027 330
(Zea mays). 68 | 330.7 ' 66.6 ‘ 116. 2 20 1745 351
69 | 333.8: 13.4 i 115.6 4 | 23627 346
70 | 343.5| 11.6 | 124.5 3 |210733 J 362
78061 5071 1203 17| 2015 | 343
72/ 29901 6.5 126.1 2 | 219400 | @422
Mean........______ SO . T e || 192473 | 3a6m

Sorghum, Black Amber,
Minnesota 341-13 (.in’
dropogon sorghum),

June 20 to Sept. 4.

Millet, Kursk, S. P. I.

I
34771 ( Chaetochloa italica).

(Andropogon sorghum

[
SUDAN GRASS {
i
aethiopicus) "

8,

¢ Omitted in the mean,
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WATER REQUIREMENT OF ALFALFA, 1917

i Table 24)

-ater requirement for three crops of alfalfa 822+ 8 ( )

. T}tlﬁgxlﬁwest \galue for the entire period except the damp cool years

3 als‘) and 1915. Alfalfa seems to have been a little more efficient in its
lllge ‘:)f water during 1917 than during the period, 1911-1917.

TABLE 24 —Water requirement, on the basis of dry matter, of alfalfa, at Akron,

Colo., 1917
1 Water
i require-
i Dry . ments
Kind of plant Period of growth [ Pot No. | matter | 'vater bafjed on
i ry
| matter
|
; 0
ALFALFA
(Medicago satira) Grams Kyms.s -
55 60.3 59.
Diliman, E-23, first crop-- ... June 22 to Aug. 3.. 5 8.2 2
57 54.6 40.3 738
58 54.6 44. 4 81§
59 59.3 54. 4 917
60 52.8 47.7 903
.................... 887428
MEAT - oo e e e - eoeeee
71.3 47.0 659
Dillman, E-23, second crop.........__..... Aug. 3 to Sept. 3.. gg 63. 3 4%‘4 ges
57 46.8 43.4 927
58 50. 5 45.3 897
59 57.7 47.1 816
60 49.8 45.9 922
____________________ B28+33
Mean e ,
i S 79.1 537.2 723
Dillman, E-23, third ¢rop. - ..o...__.__.__ Sept. 3 to Oct. 9... gg %2. ! 5.2 =
57 52.6 47.9 911
58 70.2 53.2 75‘5
59 75.4 5.0 756
60 70.8 53.5 756
B (Y YU RSN SN el TT6k1T
%11« OGN ROAULOIOIIONN) IO R RN UUIOI RIS SRR (PRI
i 7§ 1640 | 778
Dillman, E-23, combined crop..._....._.__. June 22 to Oct. 9.. gg il)g ] 164.0 812
57 154.0 131.6 855
58 175.3 142.9 813
59 192. 4 138. 5 821
60 173. 4 147.1 84%
l S 82243
Mean. oot e e e

WATER REQUIREMENT OF COTTON, FLAX, AND COWPEAS, 1917

On the basis of index values, cowpeas, with a water requirement
of 481+4 (Table 25), was 14 points below the average. Cotton
responded about as would be expected in view of the weather con:
ditions, giving a water requirement value near the mean of all crops
for the year. :

53534—27——1
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TaBLE 25.—Water requirement, based on dry maiter, of cotton, flax, and cowpeas
at Akron, Colo., 1917 !

—_—

{ ! ! Ware{ req(;lire.
; ments based on—
Kind of plant ’ Period of growth I}:Io" Dry Grain | Water lGrain —_—
! i No. | matter D
I | Grain Iy
H ] i matter
. i —_—
I | Grams |Grams | Kgms. | P.ct. :
Cotton, Triumph (Gossypium . June 20 to Oct. 8._! 73 | 294.5 [_._.._. 149.0 | o ooefomancaaen 506
hirsufum). 74| 300.5 |00l 156.9 | . 522
75 300.7 |.ooaaa- I 504
520

Flax, Damont, C.1.3(Linum |
usitatissimum).

1144=17 | 4814

WATER REQUIREMENT OF GRAMA GRASS AND PIGWEED, 1917

Grama grass, whose water requirement was 290+9 (Table 26) had
a relative value 10 points below the average of all crops in 1917 and
a lower actual value than for any particular year of the entire period
of the experiments. Pigweed, with a water requirement of 307 £ 6,
however, was 7 points above the average of all crops on the basis of
index figures.

= )
TABLE 26.—Water requirement, based on dry matter, of grama grass and pigweed
at Akron, Colo., 1917

Water
require-

. N - ments

Kind of plant Period of growth | Pot No. Dry Water based

matter on dry

matter

GRAMA GRASS
. ( Bouteloua gracilis) Grams Kyms.

First CroD o e June 22 to Aug. 20 91 41.0 10.5 256
92 48.3 13.0 269
93 28.7 5.3 237
94 43.3 12.8 296
. 95 13.3 1.6 346
96! 1.4 3.6 316
Mean. ..o e | S 28712
8eCONd CroD . c e cma e Aug. 20 to Oct. 12_ 91 9.8 3.3 357
92 9.4 2.2 234
93 9.4 3.0 319
Y4 11.3 3.1 274
85 6.3 2.5 397
96 7.0 1.7 . 243
B 0170 DU AU UPSPR RURRSRPR FPURRRRn SRR 30420
Combined Crop. -ceee oo e cceeecee June 22 to Oct. 12_ 91 50.8 149 276
92 57.7 15.2 263
93 38.1 s 257
94 54.6 15.9 291
95 19.6 1 362
96 18.4 a3 288
MO e e et ccame e cmmcme e | mme e s | emme e o ca e 2909
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—Water rcquirement, based on dry malter, of grama grass and pigweed,

2 ~ .
Tants 20 at Akron, Colo., 1917—Continued
‘ Water
. I require-
Water | ments
i iod of growth | Pot No. Dry | based on
Kind of plant ‘ Periot g o l based on
‘ ter
|
"""" T 11eWRED
Kgms.
(Amaranthus retroflezus) : Grams
________ . June 20 to Aug. 3. 49 | 119.5 40.4 | 332?
First €rOP-----oomomsmmmsemere e i 0. 242 10.2 421
| 51 42.4 15.4 363
52 120.0 40.8 349
53 111. 4 37.3 335
54 128.5 42.2 i 328
T | 35410
49 30.3 6.5 215
| 50 1.3 |, 21 186
51 50.3 9.5 189
52 | 35.9 7.2 201
53 | 36.3 | 7.3 201
54 30.8 ] 5.7 185
______ looeece| 19624
MEBD. oo mmmmemmmm e mmmmmm s fom o mmmmmsmeses s e e |
149.8 |  46.9 313
Combined CroP- -« -ccemmmmmmmmcmmnmmanoon June 20 to Sept. 1.. 48 1.8 1.9 P
51 92.7 24.9 269
52 155. 9 48.0 308
53 147.7 4.6 302
54 | 159.3 47.9 ‘ 301
| s \ 307:£6
Y O ey R bbbl b

SUMMARY OF WATER-REQUIREMENT MEASUREMENTS MADE IN 1917

ion i i y 1, the
Although the evaporation in 1917 was slightly above normal,
water reguirement I())f all crops was shghtfy below normtta.)l. (%ﬁ:
Table 28.) The only crops to show a water requirement a 0(;«3B the
average for all years were: Pigweed, Sudan grass, sorghum, an 4. By
oats, with water requixifments, 7, 7, 6, and 5 points, respectively,
ve the average for the year. -

nbOCo(;vtf)eas, grafna grass, %ubanka. wheat, Galgalos wh(iia.t,2 alfgxrllfloi;,
and corn, with water requirements 14, 10, 4, 3, 2, an‘b 1pol thé
respectively, below the average for the year, were also ?l Ox'ama
average for the entire experimental perlod. Cowpeas- and g ma
grass were especially efficient, while pigweed and sox:ghim}, cffﬁ)picnt
about the same temperature requirements, were relatively 1mneilic .

ENTS
ARY OF WATER-REQUIREMENT MEASUREM
GENERAL SUMMAR MADE AT AKRON, COLO. )

For the purpose of comparing the water requirement of the serlesr
for differeenlt V}e)'ars the resI1)11ts with those crops grown con’mnuogs(lg
during the périod (see Table 27) have been reduced toa p(J,ll'(gent }f,,:,e
basis (Table 28). In this way th‘e.O)'er-emthSIS_Whlch wou o‘de(rl-
wise be placed on plants with a high water requirement _lsh atw}flm e ;
If the water requirement results for 1911 are compared 1wro ose O’o
the average of the series (see Table 27), a mean result 8 p§r7cen
above the average of the series if b‘ased on actual values,oan TI})FI:
cent above if based on percentages is obtained (see Table 28). ) 061§
difference is the result of averaging such divergent values as 1,06
for alfalfa and 298 for sorghum. The use of the actual averages 1n

this case would be equivalent to weighting the results in proportion
to their values.



TaBLE 27.—The water requirement, based on dry matier, of crops grown at Akron,
Colo., for the periods 1911-1917, 1912-1917, 1913 1917, and 1914-1917,
mcluswe and the evaporation in “inches for the period, Aprzl to September,
zncluswe, of each year

Seasonal water requirement aud evaporation ‘
Crop - I Aver

\ K . age
1911 1912 1913 1914 1915 1916 1917 ‘

1 t
PERIOD 1911-1917 \ \ ‘
Alfalfa, A. D. 1. B-23_ 10684216 | 65711 | 834:£8 | 89056 | 6059 \ 104749 | 82248 | 85010

Oats, Swedish Select, C. 1. 134( 61547 | 42345 6179 | 59942 | 448110 | 876421 | 63545 | 602411
Oats, Burt, C. 1.293___._____ 6397 | 44943 617-£5 | 61546 | 44545 809+5 | 6365 | 60145

Barley, Hannchen C 1,531 || 52748 44343 |e513:£12 | 50145 | 404£11 | 6649 | 52244 | 51148
Wheat, Kubanka, C. 1. 1440 | 4688 | 3947 496-£5 | 51846 | 40543 | €36£14 | 47144 | 48447
Corn, Northvvestern Dent__ 36810 \ 28010 | 399412 | 3686 | 2537 49513 | 3463 = 358+9

Millet, Kursk, 8. P. 1. 34771 b 28742 ' 18742 2864 2952 | 20241 36714 28445 | 27343
Sorghum Minnesota Amber, i
A D L3413 c 29844 23942 2982 28443 | 2033 2064 27245 | 27043
Average ________________ 53449 | 38446 50848 509+5 | 38247 64911 | 4995 | 4958 |
Evaporation in inches, April ! |
to September____________.__ 48 80 | \ 37. 75 43. 06 41. 86 33.40 47.17 42.70 | 42.11

PERIOD 1912-1917 ‘

Alfalfa, A D. 1. E-23_______| .. . 65711 | 83448 89046 | 6950 | 1047+9

Oats, Swedish Select, €. 1. 134 _| 423+5 61729 | 5992 | 448110 | 87621 | 6355 | €00+11

Oats Burt, C.1.293. ) 44943 617£5 | 61516 | 4455 8095 | 6365 | 595D

Barley, Hannchen,C 1. 531 } 44343 | @ 513412 | 501£5 | 40411 | 6649 | 52244 | 508+8

Wheat, Kubanka, C. 1. 1440_ 139447 49645 | 51846 | 40543 63614 | 47144 | 48747

Corn, Northwestern Dent__ | 28010 \ 399412 36846 | 26347 40513 | 34643 | 3579
!

82248 | 82449

Mrllet Kursk, 8. P. 1. 34771 S| 1872 28644 | 2952 | 20241 36744 | 284£5 | 27043
Sorghum, Minnesota Amber,

i
A D L341-13 . | ... 23942 298-+2 ‘\284i3 20343 20644 | 27245 | 26543

Cotton, Triumph 65711 | 57449 | 44348 61249 | 52244 | 54910
Average ,,,,,,,,,,,,,,,, . i 3968 524-£8 | 5165 | 3897 64511 | 5015 | 4958
Evaporation in inches, April \ |
to September . ____________|_.__.__._. 37.75 43.06 | 41.86 33.40 47.17 | 42,70 |

PERIOD 1913-1917

Alfalfa, A. D. 1. E-23__ 834-£8 . 80046 | 6950 | 104749 | 82248 85848

Oats, Swedish Select, C. T. 134 617£9 | 5992 | 448410 | 87621 | 6355 | 63511
Oats, Burt, C. 1. 203 6175 61516 | 44545 80945 6365 | 6245
Barley, Hannchen C.1.531_. 6513412 | 50145 | 40411 66449 52244 | 52149
‘Wheat, Kubanka, C. 1. 1440._ | 496£5 ' 51846 | 4053 63614 | 47144 | 5057

Corn, Northwestern Dent_.
Mlllet Kursk, 8. P. I. 34771
Sorghum Minnesota Amber,
A D. L3413 29822 | 28463 | 2033 | 2064 | 27245 | 27144
Cotton, Trlumph_,,, 65711 | 57449 | 44348 612+9 | 52244 | 562+9
Cowpea, S. P. 1. 29282

30912 36846 | 25347 495113 | 346+£3 | 3729
2864 | 2952 | 202+1 36714 | 28445 | 28743

57143 | 65945 | 4135 76748 | 4814 | 57845
Pigweed .. _________ 3207 3061 | 22943 34013 | 30746 | 3007
Grama grass . _| 4389-£12 * 38947 | 312414 | 3368 | 29049 ﬂo -
AVerage.. [ F JE P 50048 | 50045. | 3718 604411 | 46645 | 48818
Evaporation in inches, April
to September______________ | o | ... 43.06 | 41.86 33.40 47.17 | 4270 |.____._.
PERIOD 1914-1917 L
Alfalfa, A. D. T, E-23___.____ [ ‘ 60520 | 104749 | 82248 | 8648
Oats, Swedish Select, C.L134 ... 448+10 [ 87621 | 6355 | 64012
Oats, Burt, C. 1.293_________ | I i 44545 809+£5 | 6365 | 6265

Barley, Hann(’hen C. I 531,_‘,
‘Wheat, Kubanks, C. I. 1440._

404+11 6649 | 52244 | 5238
40543 63614 | 47144 | 508+8
2537 495413 | 3463 | 3668
Millet, Kursk, S. P. 1. 34771 20241 367+4 | 28445 | 2873
Sorghum Minnesota Amber, ;

ASD L3113 . ¢ 20313 2064 | 27245 | 2644
Cotton, ’I‘numph_,, ; 44348 6129 | 52244 | 538+8
Cowpea S. P. 1. 2928 4135 76748 | 48144 | 580+6
Plgweed ___________ A 22043 34013 | 30746 | 2067
Grama grass_ - 312+14 | 3368 | 29049 | 33210
Rye, Vern, C. 1. 73_ P 46948 80011 | 62545 | 62948
Wheat, Galgalos, C. 2398 - 48144 65248 | 5436 | 5756
Sudan Grass S.P. 1 25017___ 260+3 | 4263 | 378+£3 | 3653

Average.___.._____._____ 3777 60810 | 47645 | 4937
Evaporation in inches, April
33.40 4717 | 42.70 [

to September_______________

a Interpolated value. ¢ Red Amber Sorghum. . .
b 3. P. 1. 22420, 4 Bouteloua gracilis and B. dactyloides mixed.
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TABLE 28.— Water requirement and evaporation results shown in Table 27 expressed
in tndex numbers of the mean value for each crop, taken as 100; and the ratio
of the water requirement index to the evaporation index

Index numbers of water requirement and |

evaporation, and water requirement-
evaporation ratio index numbers of dif-
Crop ferent crops. Mean
1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1917
PERIOD 1911-1917
Alfalfa, AA.D. L E-23____________ . 124 76 97 | 104 81 | 122 96 100
QOats, Swedish Select__ __-] 102 70 | 102 | 100 74| 146 | 105 100
Qats, Burt____________ ---| 106 75| 103 | 102 74 | 135 | 106 100
Barley, Hannchen______ .- 103 87 | 100 98 79 1 130 | 102 100
‘Wheat, Kubanka, C. 1.1 I 81| 102 | 107 84 | 131 97 100
Corn, Northwestern Dent .| 103 78 | 111 103 71 138 97 100
Millet, Kursk_____________ -] 105 68 | 105 | 108 74| 134 | 104 100
Sorghum, Minnesota Amber_._____________________ 110 89 | 110 | 105 75 110 | 101 100
Water requirement average______ 107 78 | 104 103 77 131 101 100
Evaporation average 116 90 | 102 99 791 112 | 101 100
W/E 92 87 102 104 97 117 100 100
PERIOD 1912-1917
Alfalfa, A. D. I. E-23__ 80 101 108 84 127 100 100
Oats, Swedish Seleet __ - 71| 103 | 100 75| 146 | 106 100
Qats, Burt, C. I. 293. - 75 104 103 75 136 107 | 100
Barley, Hannchen_ .. _ | 87| 101 99 80 [ 1311 103 100
‘Wheat, Kubanka, C. I. 1440__ | 81 102 | 106 83 | 131 97 100
Corn, Northwestern Dent.. 78 m2| 103 71 139 97 100
Millet, Kurst_ . _____________ - 69 106 109 75 136 105 100
Sorghum, Minnesota Amber_ 1 %0 112 | 107 77 112 103 100
Cotton, Triumph_.______ L |ooo__ 89 [ 120 ( 105 81| 111 95 100
Water requirement average 107 | 104 78 | 130 | 101 100
Evaporation average.. 105 | 102 81| 115 | 104 100
W/E 102 | 102 96 | 113 | . 97
PERIOD 1913-1917
Alfalfa, A. D.L.E-23_____________ ... | .l 97 104 81 122 96 100
Oats, Swedish Select . .97 94 71| 138 | 100 100
Oats, Burt, C. I. 293_ P99 99| 71| 130 | 102 100
Bar]ey, Hannchen_ - | 98 96 78 | 127 100 100
Wheat, Kubanka, C. I. 1440__ ‘ 98 | 103 80 | 126 93 100
Corn, Northwestern Dent. . 1107 99 68 | 133 93 100
Mlllet Kursk .o .. 1100 | 103 70 | 128 99 100
. Sorghum, Minnesota Amber. I 110 | 105 751 109 : 100 100
Cotton, Triumph____________ 117 o102 79 | 109 93 100
Cowpea, S. P. I. 29282__ 199 114 71 133 83 100
Pigweed ________ ©107 | 102 76 | 113 | 102 100
Grama grass ... T ms | 1 o1y e8| 8s 100
Water requirement average | ‘ 104 103 76 122 96 100
Evaporation average___ I 103 | 101 80 | 113 | 103 100
WIiE . I 101 | 102 95| 108 | 93
PERIOD 1914-1917 ‘ |
Alfalfa, A. D. 1. E-23__ ‘ 103 81| 121 95 100
i Qats, Swedish Select___ | ' 94 70 | 137 99 100
Oats, Burt___._______ | \ 98 | 71| 129 102 100
| Barley, Hannchen_ ________ | I 96 | 77| 127| 100 100
. Wheat, Kubanka, C. I. 1440. ! 102 80 | 125 93 100
Corn, Northwestern Dent__ I 101 69 | 135 95 100
Millet, Kursk _____________ ... || [ 103 70 | 128 99 100
- Borghum, Minnesota Amber. IO 108 77| 112 | 103 100
Cotton, Triumph_______ || [N 107 82| 114 97 100
Cowpea. . e 114 71 132 83 100
Pigweed . _________ ... ..o ) 103 77| 115 | 104 100
Grama grass._ oo 117 94 | 101 87 100
Rye, Vern._ [ SO M 99| 75| 127| 99 100
Wheat, Galgalos_ | _| 109 | 84| 113| 94 100
Sudan grass | ____________ 108 | 71| 17| 104 100
‘Water requirement average_..._..____________ L 104 77 | 122 97 100
Evaporation average._._ 101 | - 81 114 | 103 100
WK .. 103 95 107 94
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 104 77 | 122 97
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TasLE 29.—Water-requirement values (actual and index) based on grain of g
crops grown -at Akron, Colo., for the periods 1911-1917, inclusive -
L

WATER REQUIREMENT (ACTUAL VALUES) FOR CROPS

!
Crop ! 911 | 1912 1913 i 1914 z 1915 l 1916 [ 1917 { Averag
i ; . ‘ ! |
=t ¢ | | ! : | E—
Oats, Swedish Select._.__._ ! 1632::85 1103-£18 1876255 142148 110234 12288::30 | 208837 164135
Oats, Burt____.____.._____. ‘ 1500457 122455 {1641:£33] 148331 115027 1975449 | 1854491 '1547=53

‘Wheat, Kubanka, C. 1. 1440.
Corn, Northwestern Dent._
Millet, Kursk_ ... _._.._
Sorghum, Minnesota Amber

119114 ‘1111437 [1322:£16. 136713 /123213 11779:=£108! 1367221 ‘133845
2040342 954::1061241:-£77 21846:+-159:20604108136341Y | 1929473
6923440 . 483411 | 98599 107538 | 66624 11267445 91085474 92655
€1484:£202 60715 | 76512 893426 (1116105 833226 | 1700224 106112
\

Average.____________| 1463:=£165. 914:£52 (130558 134869 1221:£65 (196656 | 1671109141291
Average for first 3 l ; | !
[S 3 ¢, 1441639 1146:+40 16)31381 142420 %1161:!:26 !2014:!:.‘2 | 177058 1151045

WATER REQUIREMENT (INDEX VALUES) FOR CROPS

|
Oats, Swedish Select._.__. 99 67 114 ( 86 67 139 |. 127 100
Qats, Burt__________.._._.. 97 79 106 i 96 74 123 120 100
‘Wheat, Kubanka, C. I. 1440. 89 83 99 102 62 133 102 100
Corn, Northwestern Dent.. 104 49 63 94 105 186 99 100
Millet, Kursk. .. ____._..... 100 52 106 116 72 137 117 100
Sorghum, Minnesota Amber 141 57 72 84 105 80 ; 160 100
i
Average._____________ 105 65 93 96| 86| 134] 12 100
Average for first 3 | | !
[30 95 76 106 95 ; 78 ‘ 133 q 116 100
| : !

WATER REQUIREMENT (ACTUAL VALUES) FOR CROPS

' 1
........ 14218 110234 |22884-39 . 2088:£37 '17254:32
........ 148331 {1150:£27 |19753-49 185491 (161636

Qats, Swedish Select .__.___ ! __________ ' .........
OQats, Burt. ..o ... _Jooo o oL
Wt;4eat, Kubanka, C. I.|

} : |

136713 |1232:£13 (1779108 1367£21 1436
[ 190030 [1551:£65 (244532155 1516=£19 (185
229154 148580 287199 1982284 21
1176028 | 949450 [1425£27 114812 1175
1846115920602 108{3634 19 1929473 12367

893426 1116105 853:£26 1700224 1141125
1075238 | 665324 [1267=£45 108574 102349
1962427 (1257439 |2373£77 1144217 116842246

Barley, Hannchen

Corn, Northwestern Dent_.|
Sorghum, Minnesota Am- |
ber '
Millet, Kurs!
Cowpea. ..

Average . _.__._.__

1542458 (12574263 [2091£77 1581_4_-89j 161573

WATER REQUIREMENT (INDEX VALUES) FOR CROP3

|
Oats, Swedish Select..__.._'_.____._..l_.._____ ‘ ........ 82 : 64 133 121 100
Oats, Burt.___..___._.. (S | 92 71 122 115 100
Wheat, Kubanka, i ;

1440 95 | 86 124 95 100
‘Wheat, Galgalos_ 103 . 84 132 82 ity
Rye, Vern._.___.__. 106 69 133 92 100
Barley, Hannchen..__._ 100 : 81 121 98 100
Corn, Northwestern Dent 78 87 154 81 160
Sorghum, Minnesota Am | )

........ 78 . 93 i3 149 100

105 | 65 124 106 100

17 75 141 68 160

Average.............. S 9 : 7 136 101 j 100

« Interpolated on the basis of the ratio of the averages of the first theee crops for the years 1911~1913 and
1915-1917 to the average for corn for the same years and the average of the first three crops o the interpolated
values for corn for the year 1914. Interpolation for millet by the same method.

» 8, P. I. 22420 used in 1911 instead of 3. P. I. 34771.

¢ Red Amber used in 1911 instead of Minnesota Amber.
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i f the average, the
i esults are presented in percentages 0 ge
Wh}lsei;olhzarc}f case 10(1)), and the values may be yegarded as 1nc_leyf
sblers- 1t is possible, then, to express the relative water tre%lé{f)%
numc of .crops in terms of positions, of points above c‘>r points elow
menavera“e. To express these relative positions as pel cenﬁage_s a e
g};ebelowcwould lead to confus}ilon. 1({3{} the us(,lee 2}f1etreessuelt:1$gre
‘ndex ithms, which wou ave made t .
indx BUIbES e ’ been dispensed with. The index
i he veneral reader, have been disp {
dlﬁic;lol'zsfgi tthe bottom of Table 28 represent as nearly as po§s1bl§htl;g
a::goﬁs(e of crop plants to the diﬁeren% s}flasgzs}.l Actfsgr;m?v%irrh;aed
g 3 ized in Table ave g
actual values summarized 1n :
vﬁlcil?isxietlgied to give & column of wegghted values, whg;hygigrgieﬁfz
" b 1 been grown eac
ble values if each crop ha g
theegirrcr)\t;?m This value assumes that the mean values of -ayer&gg
fx)fcll)et numbers hold for all crops. The grea?esg obiervedrerr(c;;eu; eaxl‘s
mpti the crops grown continuously for lour oI Im 3
955211(;n petll'oélerfl(g In Tagleb% the water requirement based on gr_z:‘gz
lsroduIc)',tion has been treated in the sgrm(;,) lwayé7asa I:geggvate{‘ hr:(ﬂitl e
tter 1 lables .
ment based on total dry matte Tables 27 and 28 % The
s based on grain production are also g1v ]
rv:rlsli[trtla?eriaquirement %ased on grain production 1s much mor«;l varlgggg
than when based on dry matter. The sameé index figures have

basi

used, therefore, in computing the values in Table 34 as were used 1n
computing those in Table 33.

EFFECT OF SEASON ON WATER REQUIREMENT

i in Table 28, to index
. values in Table 27 have been reduced in , to
nu'fn}i)ee;s having a mean value gfﬁloo, ;md may t\)?% }fi(l);nf}gegaldsggcgr)é
to determine the effect of the different years. alue
1 i 't , ble or unfavorable season
high or low 1n proportion to the favora r QiR
i iffe -eat physiological sigm .
there are minor crop differences of grea ogical sigmificanss.
The variation in water requirement from year yTh greater
't dation in evaporation. e evapol
proportionately than, L X per d 1911 to 1917, inclusive varied
tion index numbers for the period 1 , ) yane
i 5 1911, a range of only
oints for 1913, to 116 points for 1911, g :
g’;msofr?ts? while the mean water Ijequlgelnfélltﬁlndexnrxng?e;z l;r;;lssd
om 77 points for 1915, to 131 points 10T , 8 Tang : .
f11‘(})121Grre_\s’})test water reql’lirement range for any single croll)1 was fﬁoxsré
70 to 146, or 76 points, for Swedish Sfelect oits; and the smalle
-as from 75 to 110, or 35 points, for sorghum.
rarig\?agg:ation does not \,vary as much éro‘rgn)yersﬁl po_y(:grbz;seicl))(zsc tte}ae
1 (S 27 and 28. 1518 ed,
water requirement. (dee Tables 2 3 o b e e
for during years of exceedingly unfavora 3 lfon litions when &
ev ation is unusually high, plants respond by € 9,13 g
to s{tll)lce)ardry air and may even be injured by the high ev aporat&og anA
temperature to the extent that the rate of growth is retart ew.o i
disproportionately great effect on the water requiremen

therefore be expected.
THE RESPONSE OF PLANTS TO DIFFERENT SEASONS

The effect of the seasons was much the same on a.l%1 cro;:ls.r c(gler«;
fics. 6 and 7.) They responded in varying degrees, ow;a-eq,16th
and oats heing most responsive, and sorghum and grama grass leds
responsive. (See Table 28.)
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On the basis of the behavior of all crops grown from 1911 to 1917,
inclusive (see Table 28), the values for 1911 have two outstanding
results—the water requirement of alfalfa was 17 points too high and
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Fi16. 6.—The water requirement of different crops and evaporation in tenths of an inch for the
vears 1911-1917

Kubanka wheat 10 points too low. No thoroughly satisfactory
explanation can be made of these results. On the basis of total
amount of growth, alfalfa was hich and Kubanka wheat low. (See
Table 30.) The year 1911 was hot and dry (see Tables 31 and 32),
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and Kubanka wheat is not affected by such conditions to the same
extent as are many of the other crops. In 1912 the water require-
ment of Kubanka wheat was relatively high, but the year was cool
and damp and conditions seemed not to be as nearly optimum for
this crop as during the hot, dry years. This is especially noticeable
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Fi6. 7.—The water requirement of different crops and the evaporation expressed in percent-

ages of the mean for the years 1911-1917

in the 1915 results, when Kubanka wheat had a higher relative water
requirement value than any other crop. During 1916 the water require-
ment value of Kubanka wheat was as high as the mean water require-
ment of all crops for the year. The alfalfa results are likely to be
influenced by a factor that does not enter to the same degree in the
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case of wheat, which has only a single crop, as compared w;

to four crops in the case of alfalfa. F orpfnstancel,) the walglrhl'%gluti;‘éo
ment of alfalfa, on the basis of season’s growth, for a hot month o;
one year, when the crop is at its maximum growth, as compared with
the water requirement of alfalfa during the same month of another
year, when the crop has just been cut and the plants are small, ma

be quite different. In general terms, the results with alfalfa are ix):
accordance with the mean of the eight crops grown. In 1911 the
value was 17 points too high; in 1914, 1 point too high; and in 1915
4 points too high, although the latter was an unusually cold and dam;;
year. The water requirement of alfalfa for all othep years was low
gs;()ieglally In 1917, 1916, 1913, and 1912, when the values were 5,9, 7:
: ;1 12 g;_)}l)rg?ﬁlt;sgecmvely, below the mean of the eight Crops grown

TaBLE 30.—Dry maiter per pot ex X in 1
pressed in grams and in index numbers f th
mean value for each crop taken as 100, of all ; § ” N
the periods 1911-1917, inclusive » of all crops grown at Abkron, Colo., for

DRY MATTER PER POT (IN GRAMS)

Crop ;1911 | 1012 | 1013 ] 1914 / 1915 ! 1916 | 1917 |Aver-
- | !' | i J age
Alfalfa, A. D. I, E-23._ C196.4 | w378 | | a0s.0 '

WA D.LE23. ... ) .81 292,21 305.9 | 216,51 193, 5
Qats, Swedish Seleor, € 1j34” 1737 3960 2755 2685 | 3324 sons | gy | S0
Qats Bur, .1 26s. 13113120 28,4 2508 | 2328 855 | 153.8 | 081
Wirle, Hanncben, C. L. 881,777 .3 .30 (9 [ 181912617 103.7 139.6 | 188
Wheat, Eubanka, C. [ 1s40. 111117 .21 2741 280413057 2377 9.7 153.1 | 2053
Millg:, Rursk, 8 . L 945 0] 2427 B1 3| Sors | o L8| 68 2000

! .L . .7 0 211313012 | 256.0 171, . 5
Sorghtim, Minnesota Amber, 64872 | 8053 | 5r1| 2082 1058 | S s | sevs
Average. ... 8 13242 [‘ 296. 4 ’ 215 1313

’ 205.4ib244,0

DRY MATTER PER POT EXPRESSED IN INDEX VALUES OF THE MEAN VALUE
[

Alfalfa, A.D. LE-23__._________________ , ' | 7
8::3' %‘l\;e?iscl:l §e12eesg, C.1.134. E—? }33 }?3 }gg 1§§ 23 93 138
A rt, C.I1.293_________

Barley, Hannchen, C. I. 531_. ?g }g; _.-.119 lg; }ig é(li 7 160

&t‘x’gat.\.Kubanka, C.I. 1440 48 133 137 1491 16! 45 ;5 1%
rn, Northwestern Dent. . 60 161 1321 113 42 7 : 100

Millet, Kursk, 8. P. L. 34771, . 217777777 88 105 92 131{ 111 91 % 100

Sorghum. Minnesota Amber, A, D. T, 341-13. &5 ‘! 126 56 | :;3 32 }28

AVerge ... .. ... . 72 1451 126 ¢+ 12¢

10 | .74' 8| 1w

DRY MATTER PER POT (IN GRAMS)

Alfalfa, A.D. I, E-23___________ ! '3 L3059 ! 2165 ‘
Oats, Swedish Select, C. 1. 131 | ‘ 30912163 el 23
Oats, Burt, C.1.203. .. . . | 5308 | 332.4 : 2.2
Barley, Hannchen, C. 1. 331, 8.9 ! 2.8 180,
Wheat, Kubanka, C. I, 14107 {3057 LI =
Corn, Northwestern Dent.__ 304 4 I AL 191
Millet, Kursk, 8. P. L 34771 ... °°" 301, L S
Sorghum, Minnesota Ambe ' 4'1'2 28.9 EREE
Cotton, Triumph._____ " 7 777" 32(4:, 1y2us2 -3
gimayez, 3. P. L. 2923 R vo 3 1958 o
T 219.9 | 159, 1 1
Rye, \"eg:l?,“c_:f_:"&“ __________ 724 450 -9
Wheat, Galgalos, € 1. 5505 SO s | s 105
Sudan Grass. 3.°P. 1. gd017 I e B G S 2396
. !
AVeRge.... I , 268.7 | 100.2 190. 5
. o

¢ No correction made for the absence of this value. b True average
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TaBLE 30.—Dry matter per pot expressed in grams and in index numbers of the
mean value for each crop taken as 100, of all crops grown at Akron, Colo., for
the periods 1911-1917, inclusive—Continued.

DRY MATTER PER POT EXPRESSED IN INDEX VALUES OF THE MEAN VALUE

Crop 1911 | 1912 1913 | 1914 | 1915 | 1916 | 1917 AB‘;‘Z"

i

!
Alfiatfa, A.D. L. E-23_ . l .............. 48] 104 60 89 100
Oats, Swedish Select, C. 1. 134.. [, 121 153 47 78 100
o139 129 47 85 100

Qats, Burt, C, L.293_. . .l
Barley, Hannchen, C. I. 531.
Wheat, Kubanka, C. 1. 1440.

Corn, Northwestern Dent.__.

106 152 60 81 100
1588 21 47 78 100
130 48 77 144 100
Millet, Kursk, 8. P. I. 34771 126 107 71 96 100
Sorghum, Mibnesota Amber, 162 72 68 98 100

157 49 69 125 100

Cotton, Triumph__._...______
116 87 81 116 100

Grama BTASS - v oe e e oo e e e e meemmmma o[ —m e —mamaaa
Rye, Vern, C. L. 73__..__._. . 129 135 56 80 100
Wheat, Galgalos, C. L. 2398__ .. ... . _|ooooo_iioioo 175 98 33 94 100

151 79 67 ! 103 100

Sudan Grass, S. P. 1. 25017, . oo oo el

AVEIBBE. oo e oo am e e S 141} 102] 62 | 6| 10

The two varieties of oats agree in water-requirement value fairly
well, but diverge 11 points in 1916. Their values.were remarkably
low during the cool, damp years 1912 and 1915, but during the hot,
dry year 1916 they were higher than for any other crops except corn.
During the three years 1913, 1914, and 1917, when the evaporation
rate was approximately the mean of the period, the water require-
ment of oats did not depart more than 6 points from its mean for the
total period. ]

The water requirement of barley approximates the mean of all
crops during the hot, dry years, but during the cool, damp years its
water-requirement values were relatively high, 9 points in 1912 and
2 points in 1915. It resembles Kubanka wheat closely and is in
contrast with oats varieties in its response to various years.

PROBABLE RANGE IN WATER REQUIREMENT OF CROPS

Tables 27 and 28 and Figures 6 and 7 indicate that crops react
differently in different seasons. If in the seven-year period, 1911-
1917, the average index value of the longest series of crops available
1s used, the highest water-requirement values, considering the results
of experiments as a whole, were obtained in 1916, when the index
value was 22 points above the average. This was an exceptionally
dry year and the evaporation during July, when the crops were
growing actively, was higher than for any month recorded at Akron
during the period 1908-1925. (See Tables 31 and 32.) The lowest
water-requirement values for the period were obtained in 1915,
when the values dropped to 23 points below the average. The year
was characterized by a low mean temperature, 50° F., and by a very
low seasonal evaporation, lower than for any year during the period
1908 to 1924, inclusive. The year 1912 was almost as low and was
characterized by low rates of evaporation, a low mean temperature,
59° F., and by reduced light intensity.”” Of the remaining years,

N 12 BriGGs, L. J.,, and SHANTZ, H. L. RELATIVE WATER REOUIREMENT OF PLANTS. Jour. Agr. Research
16, 1014,
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1917 was almost the avérage for the series, while 1911, 1913, and 1914
were somewhat above the average. The variation in water require-
ment from year to year at Akron is very great, the range, during
the period of the experiments here discussed, based on the mean,
being about 45 points. The extreme range for a single crop was
about 67 points for oats, and the lowest about 30 points for grama
grass. The range in evaporation was about 37 points.

TaBLE 81.—Climatic conditions at Akron, Colo., from April to September,
inclusive, for the years 1911-1917

Air temperature (°F.)
- . ~ Wind
Average of— Absolute Precipi- | Evapo- :
Month ¥ ? velocity
tation mation | o hoar
Maxi- . Mini- Mauxi- Mini-
Mean | mym | mum mum mum
|
‘ Inches | Inches Miles
47 62 31 77 16 2. 63 5.84 9.1
58 73 i 43 91 28 115 7.32 97
70 87 | 53 98 43 148 9.75 7.4
70 86 55 95 -46 1.34 9.77 7.1
69 86 54 9 41 1.30 8.4 8.1
o September 64 80 ! 50 95 39 2. 40 7.18 7.0
1912: .

Aprilo. o 45 58 | 32 73 23 2,49 4.58 9.9
May. o 55 70 | 42 92 28 2.88 7.10 85
June_._________-. 63 75 , 49 89 37 3.39 6.75 6.1
July. 70 84 55 96 46 3.58 7.62 5.4
August____._.____ 69 83 | 55 96 48 1.58 7.05 4.7
September.._____ 54 68 41 91 22 1.88 4.65 6.0
i 47 63 33 84 10 2.19 4.44 81
57 72 44 91 31 1.44 5.84 6.9

67 82 53 97 37 1.35 8.18 81

72 88 55 103 43 1.85 9.26 6.1

August___ ... .- 75 91 59 98 53 114 9.30 5.6
4September _______ 58 70 45 92 27 2,08 6.4 6.4

1914:
Aprilo . 45 58 34 79 15 4.01 4.29 8.7
May. e - 57 70 44 85 32 1.46 5. 61 7.4
June.....____.. 68 83 50 93 38 3.54 7.51 5.8
July ... 72 87 58 96 49 1. 66 8.65 5.8
August_.__.. 71 88 55 101 40 1.05 8.36 6.5
September 64 83 47 92 31 .23 7.4 6.9
1915:

i 50 62 38 78 29 5.19 4.22 7.5

52 64 41 88 27 4.13 5.03 e

60 72 49 82 35 3.75 5.88 6.8

67 81 54 95 40 1.10 6. 66 6.2

64 79 52 94 39 3.581 5.82 4.3

60 76 47 92 35 1.76 5.79 6.4

44 59 30 84 11 1.59 6.21 8.1

55 0 41 92 27 2.24 7.81 9.3

64 80 49 29 33 2.09 7.98 7.4

5 93 60 98 54 1.77 11.12 .3

69 83 56 95 45 2.82 7.22 5.4

61 7 45 91 30 26 6.84 6.2

44 58 29 88 15 96 4.08 6.8

50 64 36 82 21 7.79 4.93 £.35

64 80 48 97 32 .56 8.42 7.4

73 57 29 47 1.52 10.19 5.3

- 7 82 52 97 42 1.78 8.46 5.8

September . .___.| 64 79 48 95 | 39 2.19 6. 62 6.0

Average or totsl: ! i

; 63 9 48 99 ! 16 10.30 48 80 8.1

59 73 46 96 | 22 15.78 37.7. 6.8

63 78 48 103 10 10. 05 43.06 6.9

63 78 48 101 15 11.95 41. 86 6.9

59 72 47 95 27 19. 44 33.40 6.5

61 77 47 99 . 11 10. 77 47.18 7.3

60 76 45 9 15 14. 80 42.70 6.7

Water Requirement of Plants at Akron, Colo. 1153

Jane 15, 1927

itati i il to September,
— initation and evaporation at Akron, Colo., from Apri
TapLE 32 Precipitatio inclusive, for the years 1908-1925

-

J—
Septem- | pgtal
! i May June July August ber
Year : April
[ -
7 11.31
3.30 2.37 242 1.47 0.05 .
b ?48 1.87 3.32 16l 3 ;gz 2 12 16 ®
X4 Rt L 3 I 374 1.30 2,40 10.30
e 236 3.39 .58 L3 188 1578
2.19 1.44 1.35 1.85 . 10.09
AN (T I (e
5. ) . SUR I 19.44
Lo 2% 2 15 ¥ ?g 23 14,80
% L7 9 310 7.36 243 16, 81
e I 9 1.79 44 2.62 10, 67
528 5% 5 L72 1.45 1.80 18.12
b ot 15 2.88 192 .79 9.15
) 63 . ) .06 13. 56
il 29 X 3 S L% .82 13.95
it ) L) 2E| rm|  ml o 10. 44
224’ L19 290 108 L0l .ml 8.92
2861 z2e7| 2ul 2] 20 Leo| 1325
‘ 20
2.72 zo1| 231) 18| 188 x54~| 13
l i | i
’ Cosal “ ‘ 55 45.94
B 4.74 noll g6 BT 78 8.5 594
o5 a8 109 g% Tl 5,81 43,62
S5 il b } o.77.  8.94 118 4880
N . o 19 —. b 2 2 : 6- . 37- 7
48 110 673 é.gg | 6'33 é_ g i
5% P 8 skl 836 7441 4186
12 i z3ly el a8zl 579 3340
th e ¥l ‘l Tz 6B 4TS
8 4 42 | . . 62 42.7
% 6% % | 0N o8 % e
3 . 5 7 .33 | . i 6 -
£95 7.38 83| 108 012, 61 a3
54 6% &3 Bl Es 708! 4.1
; .7 23 | .20 | 50 Bl .
e S &2 ol E7“758' 62 4.8
T & o 1054 1015 58|  47.69
48 1765 864 | 540 1013 282 4168
5.83 .32 886 | 10.27 | ¥ 130 |
5 7l | 817 638 |  43.51
Average 1908-1925.. -~ l L9 638 80l 938, 7 | e
: 78! 7.88 6.37 | .
Average 1911-1917 ... 181, 63 l 7.78 | 9,04 \ l |

1 Interpolated mean, average from 1908-1923.

western Dent, a variety of corn grown in the northwest

polr\{;?(frﬁhofethe Great Plains was used in the experiments. Durlggtt?g
hot, dry year 1916, its value was 7 points above the me%n, but 17
1915, a cool, damp year, its value was 6 poin ih efore.
Northwestern Dent is most eco_nomlcal in its use of water, }?rt i ,
during cool, damp Yyears, while its water requirement rises in not, ary
yeaArlst‘hough it has a very low water requirement and is an excelleirrlsi
dry-land crop, Kursk millet gave a relatively higher wate.r‘ :ggrlxlt e
ment in hot, dry years than in cool, damp ones. Its qulﬁ%e pent 17
1916, a damp, cool year, was 3 points above the mean},lw ile 1
and 1915 it was 10 and 3 points, res_pectwgly, below tfe mgan.du o

Sorghum showed remarkable efficiency 1n the use o yvater 1 rW af,;
the hot, dry years. Its water requirement 1n 1916, for nisgla‘)nc » Was
21 points below the mean. During the cool, damp year 2,0 «
other hand, it was 11 points above the mean.
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The crops grown from 1911 to 1917, considered consecutively as to
their range in water requirement, are as follows:

Lowest index | Highest index Range in
value value points
Oats, Swedish Select._____________________ 70 146 76
Corn, Northwestern Dent_ 71 138 67
Millet, Kursk_______.____ 68 134 66
Oats, Burt_ . _____________ 74 135 61
Barley, Hannchen_ ... _________.________ 79 130 51
Wheat, Kubanka.__._____________________ : g1 131 50
Alfalfa, Grimm.________________________.__ 76 124 48
Sorghum .. ______ . ____ 75 110 _ 35
Evaporation._________________________.__ 79 116 Y §

Sorghum, alfalfa, wheat, and barley showed the low ranges in the
order given. Swedish Select oats, corn, millet, and Burt oats showed
high ranges. Only one crop, sorghum, was exceeded in range by
evaporation.

The crops used in the experiments may be separated on the basis of
the lowest relative water requirement recorded during cool, damp
years and the highest water requirement recorded during hot, dry
years, as follows:

Departure from mean water
requirement of creps in— |
Difference
Cool, damp Hot, dry
Yyears years
. Oats, Swedish Seleet______________________ —8 415 +23
Corn, Northwestern Dent_____________.____ —6 +7 +13
Millet, Kursk.__ - - ____. - —10 +3 +13
Qats, Burt_________ L ______ —3 +4 -7
Barley, Hannchen._ ___________.___________ +2 —1 -3
Alfalfa, Grimm_______________.________._.__ —2 b —9 —7
Wheat, Kubanka______._______ ___________ +3 0 -3
Sorghum_ . _______ —2 —21 —19

« Those marked plus (+) are adapted to the cool, damp year, and those marked minus (—) to the hot, dry

year.
b The outstanding value for 1911 is omitted.

This tabulation is practically a comparison of the 1912 or 1915
water-requirement results with those of 1916. The first four crops
do much better during cool, damp yvears than the last four. Burt
oats, which is low in water requirement, is relatively a much better
hot-weather crop than Swedish Select oats. The last four crops
do well during hot, dry vears, the water requirement being at or
below the average for the crops. The behavior of the erops, inde-
pendent of actual values, is indicated by the index numbers in the
last column. The crops which were most efficient during cool,
damp years and least efficient during hot, dry years, are indicated at
the top with the highest (+) values; and those which were relatively
most efficient during hot. dry years and least efficient during cool,
damp years, are indicated at the bottom by the highest (—) values.
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arison of the results of water-requirement measure-
1116"11‘1};: ifloizgg‘l, damp vears with the results in dry, hot yea;s orﬁwg
the outstandin water-requirement values of alfalfa 1n'191 'b &f
fhese been inc%uded, alfalfa would have had an index rium er tgr
4+ 19, thus placintlg (ilt first among the crops showing a low wa
requi ] ol, damp years. o
le('ll‘ulile'ell;%?gcv;grcgf I,{uban‘i{g.7 wheat in 1916, when its index value was
as low as the mean value for all crops, and 1n 1912 and 1915, whlmzi 1fs
index value was higher than the mean for all crops, 1ndlcat(t>;}s1 cle r);
that during cool years it is inefficient and places it amfonyg edcrr(i)rll)v
which show the greatest relative efficiency 1n the use oI w fgze}‘ 111911D
the hot years; and a comparison of the results obtaine én ,
with those obtained in 1916, confirms this 1nd1cat.1on.1 (f ompgﬁe
figs. 8, 9, 10, and 11.) Alfalfa did not depart markedly 6romd 1$
mean of all crops except to fall 9 points below during 191§ Bélnd
points above in 1911. Since these years were both };)othan rgfé
these variations are in opposite directions. Either or bot 1111191‘)7 e
regarded as outstanding. The fact that the result in 1911 1s s

-great and is in direct opposition to that in 1916, may account to

for the slightly favorable performance during the other
;(:arfilres.ex‘i%ntang’ case, the ¥911 result is probably outstandlng,y.:llrlld
*t it were omitted, alfalfa would not be at the head of the ci'lops wi (3;
low relative water requirement in cool weather, but rat e}f aigo%,
those relatively well adapted to hot, dry weather. It shou d el?
clearly borne in mind that this discussion does not concern 1ts
with actual values but l\:‘ithdrelat.lve performances of the same crop,

i mp and hot, dry years. ) )
dugggcsg?l;v(}ll?chpwas incl,udej(rl_in the experiments for thg pe_l'l(t)d
1912-1917 ranged in water-requirement value from 81 t0112 pom.tss,
or 39 points mm all. It was inefficient during the coo yel;a,rs7, l'n
index value being 3 points above in 1915, and 9 ponilts B:to‘velle
1912, but very efficient during the hot, dry year 1916: w ﬁntl S v a01;1
was 19 points belowhthe nean of the p('Srops grown that season.
with the warm season crops.
COItIfOShB e(lgnmg;arison of the water-requirement results for t}(lie crops
tested during the period 1913 to 1917, cowpea, plgweed,fan g;{m;g
grass were added. They varied as f(_)llows: Cowpea, rpl;l 71 to
133, or 62 points in all; pigweed,r)fsrom_x(ti to llﬁi, or 37 points in all;
orass, from 83 to 113, or 28 pomts 1n all.

graXn 20?:‘1?);1{ison of the Wa{ver-requirement results for tl_lesef t};lre.e
crops during cool, damp and hot, dry years on the baﬁls o 0’1;‘ (fl'l-‘
relation to the mean water requirement shows the following de

partures from the mean:

Cool, damp ‘ lot, dry

l ‘ Difference
i years ‘ years i
! T
COWPEAS- - - - o m o e ommmmmmm ez m o -5 +11 \ +1g
PWPOAS- - - - -2 oo oo mmm T 0 —_ —_
Pigweed. - _ccmcccmmmmmmmmmmmmmm e o - 30
Grama grass_. —c—-e-omme-cmm=m-s=m-o=o= ‘ +15 | 24 1‘
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Fic. 8.—Rubanka wheat C. 1. 1440, grown in 1%12 tuci i
al at C. 1. . t12, producing an avera antity v
per pot of 74 grams, wirth a water requircment ch 394. : T L O Jir¥ mmatter

g . Based on the average fer all ¥ h
dry matter and water requirement index values is cere 134 an Sl :\ear.s, T
B e rement o s alues for this crop were 134 and 81. respectively.

FIc. 10.—Kubanka wheat C. I. 1440, grown in 1914, producing an average quantity of dry matter

per pot of 305 grams. with a water requirement of 518. Based on the average for all vears, the
dry matter and water requirement index values for

this crop were 149 and 107, respectively.
Photographed at Akron, Colo,, Augnst 11, 1913

Fi1G. .—Kubanka wheat C. [. 1440 i i i
4 . I , grown in 1913, producing a p 4 4 s
per pot of 230 grams, with a water requirement 0(1496 o Al s

3 X Based on the average for all ye: th
dry matter and water requirement index v 5 : e ge Lor & years, the
B otostapnen at Al e pement lgi(:a\alues for this crop were 137 and 102, respectively.

Fic. 11.—Kubanka wheat C. 1. 1440, grown in 1915, produeing an average

per pot of 237 grams, with a water requirement of 405. Based on the average for all vears, the dry
matter and water requirement index values for this erop were 116 and 34, respectively. Phote-
graphed at Akron, Colo., August 20, 1915 :

33534—27

quantity of dry matter

5
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Cowpeas did not do as well during the hot, dry years as during the
cool, damp year. Pigweed showed no advantage during the cool,
damp year but was very efficient during the hot, dry year. Grama
grass was inefficient during the cool, damp years but exceedingl
efficient during the hot, dry year. Although grama grass does ;o{
produceﬁ w1th1nd1ts ﬁnige_, as efﬁcient@? as the cultivated crops, such
as sorchum and millet, it is most eflicient during ; i
such as that experienced in 1916. uring hot, dry perlods

Rye, Galgalos wheat, and Sudan grass were added in the com-
parison_of water-requirement results for the crops grown durin
the period 1914 to 1917. They varied as follows: Ry%, from 75 tg
127, or 52 points in all; Sudan grass, from 71 to 117, or 46 points in
all; Galgalos wheat, from 84 to 113, or 29 points in all.

A comparison of the water-requirement results for these three
crops during cool, damp seasons and hot, dry years on the basis of
their relation to the mean water requirement shows the followin
departures from the mean: €

Cool, d ;
' Dt;earasmp Hgt;igry Difference
R¥€ - oo ' - L
Sudan grass______________-____::::::::- —g ig Y
GalgalosWheat____,_-_______-___________: +7 -9 ——;(Ii

Rye showed an efficient water requirement during the cool, damp
year but an inefficient requirement during the hot, dry year. "Sudan
grass and Galgalos wheat were eflicient during the hot, dry year
but Sudan grass was efficient also during the cool, damp y’ear which
reduced the value of the combined index and does not indicate &
preference to either extreme. Galgalos wheat was very ineflicient dur-
ing the cool year. This was due in part at least to rust infection.

A comparison of the relative efficiency of the crops grown in 1915, a
very favorable year, with those grown in 1916, a very unfavorable yef;r
the former relatively damp and cool, the latter hot and dry, gives the
following departures from the mean water requirement for the series:

Departure from the
mean .
Diflerence
1915 ‘ 1916

Qats, Swedish Select_________ — 5 - 21
Corn, Northwestern Dent__ . __._.__________ —g i%g —%%
Cowpeas.. _ - . e eieaee—. —6 +10 - 16

Oats, Burt__________________________ —6 7 :
Millet, Kurek . .o . I —7 16 T3
Rye, Vern. ... ..ol ol —2 1 1
_ Barley, Hannchen. .. ..o LTI 0 i? ; =5
Sudan grass___________-____________::_ _______ —6 —g f _Cl)
______ i s
Mean of all €rops. oo - oo 0 0| 0

Wheat, Kubanka.... ... 1

Alfalfa, Grimm.. ... ii i:1)J | 3
Plgweed-___--__________--_________:: ________ 0 -7 | —3
Sorghum, Minnesota Amber. ... T 0 —10 } —_16
Cotton, Triumph_.._ - ______ .. ... +5 —8 13
Wheat, Galgalos_ ... . .- +7 —9 : —16
Grama grass____________-______________:_:::—:- +17 —21 | :3Q
Evaporation_ . _ ... e +4 } +38 | —4

|
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The low values in the first column represent water-requirement
efficiency on the part of crops during the cool, damp year, and the
high values represent inefficiency. The high values during the hot,
dry year, 1916, represent inefliciency and the low values, efficiency.
These values are combined in the last column in a linear scale.
High values indicate crops which are efficient in the use of water
during cool years and inefficient during hot years; while those of low
value indicate crops which are inefficient during cool yvears and
efficient during hot, dry years.

This table shows clearly that certain crops were more efficient in
their use of water during the cool, damp year, 1916, and others dur-
ing the dry, hot year, 1915. Corn, oats, cowpeas, and millet gave the
lowest relative water requirement results during the damp, cool year;
and grama grass, Galgalos wheat, cotton, and sorghim during the
hot, dry year. The relative water requirement of Sudan grass and
Kubanka wheat fall at or very near the mean water requirement for
all crops. The position of Galgalos wheat is probably due to its
susceptibility to rust, which increased the water-requirement value
during 1915. The water-requirement values are all relative, but the
rating and spread for the various crops are significant.

On the basis of the ratio of 1915 to 1916, the crops would fall in the
following order, those having the lowest values being least adapted
to a year like 1916 and best adapted to a year like 1915; and those
having the highest ratios are best adapted to a year like 1916 and
least adapted to a year like 1915: Wheat, C. 1. 4131, 50; oats,
Swedish Select, 51; corn, Northwestern Dent, 51; potato, Irish Cob-
bler, 52; alfalfa, Grimm E-23, 54; oats, Burt, 55; millet, Kursk,
55; rye, 59; Sudan grass, 61; barley, Hannchen, 61; wheat, Mar-
quis, 61; wheat, Kubanka C. 1. 4082, 62; flax, Jalaun, 62; wheat,
Kubanka C. I. 1440, 64; alfalfa, A. D. I. E-23, 66; pigweed, 67;
sorghum, Minnesota Amber, 69; Kashgar flax, 70; evaporation, 71;
wheat, Pacific Bluestem, 71; cotton, 72; wheat, Galgalos, 74;
grama grass, 93. '

These values range from 13 below the average to 30 above, or 21
below evaporation to 22 above. The results are significant in that
they show that the plants with high values which are at the bottom
of the above list gave an unusually low relative water requirement dur-
ing the hot, dry year 1916, and those with low values which are at
the top of the list did best during the damp, cool year. These results
confirm in a general way those based on Table 28 but are not as
reliable, since only the results of two years are involved; while in
the case of the results of crops grown for four years continuously the
departures are taken from the mean. Either method affords a means
of grading crops as to their relative efficiency in the use of water

during extreme years.

EFFECT OF DIFFERENT SEASONS ON THE WATER REQUIREMENT
AND THE PRODUCTION OF DRY MATTER

Although this study is concerned primarily with water requirement,
the total amount of crops produced is important. It is possible for
crops to utilize water very efficiently and yet to produce only a small
amount of growth. This possibility is emphasized in the results here
considered. In general there is a negative correlation between the
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amount of total dry matter produced and either the w i

] e vater require-
ment or evaporation. The years of heavy growth were years (()lfull(l)(\a\-
evaporation nnd low water requirement.” The negative correlation

1s not very close, due to the marked dissimilarity in the behavior of

the different crops. The ficures here resented i 4
only, based on 100, and are taken fr0111)1 Tables 2a8rea;1[ilde§0 ‘a’lll‘llss
temperature values are derived from an analvsis of thermogra }?
records for the years 1911 to 1916, inclusive. he total numﬁer%f
hours during which the temperature was above 80° F. for the period
May to September was recorded for each year. The following ar
(‘L:Ill(e)aplndex valutesA (I)\f grovg}]l, water requirement, and evaporatio% foij
rops grown at Akron, Colo., as per: g ¢ i
trarily for the years 1911 to 1917patcf(1)1(§.abes of the mean fixed arbi-

T ‘\%ﬁ
1911 | 1912 | wi1s | 190 | 1005 | 1016 ¢ 1017 iAverage

Growth__________________ 72 | 145 | 126 | 122 f ; !
Water requirement_ _________ s ‘ 10
Jeer requirement- .../ 107 | 78 | 104 | 108 | 77 | 131 101 | 100

116
Hours with temperature above %0 | 102 % 7 f 2z 10 5 100
§0°1 F., April to September, [ '.
Inclusive_ . _______________ 141 82 | 141 P75 44| 115

In general, when growth is low, evaporation and w i
ment are both high, and Vvice versa. Thg correlationdb:tiviv?ggnrgg(;lv]fteh
ar}d water requirement 1s —0.7040.13, and between grow?h and
evaporation is —0.59+0.17. The temperature record is startling in
sgveral respects. The temperature value for 1917, an average year
was omitted. The years 1911 and 1913 were'ex&(’:tly alike in hours
with temperature above 80° F., but if only hours above 90° F were
c.}(:_n51der_ed, 1911 had only 65 per cent as many hours as 1913. On
ctrr(l)swlt)}?Sls’ therefoci'ezl 1913 was a hotter year then 1911. Incx:eased
ibng 1913fvas recorded for Kubanka wheat, sorghum, and corn dur-

The water requirement of crops was slightly less i i
1911, due largely to the excessively high vgz;luey ofe thén wﬁg Ii?qalilirleIz
ment of alfalfa in 1911. The evidence indicates about equal water
requirement for those two years but very unequal growth. Evapo-
ration was higher in 1911 then in 1913 for the period Apl.'il to Sg -
te_mbel", mclusive, and for each month during the period with t}Il)e
et%(et};tétgl lof %ugust. The data obtained seem to provide no ade-
ga’?}? w:i{)halllgll]?n for the greater amount of growth in 1913 as com-
) e 1912 results are more easily explained. D '
Intensity of light in 1912 it was an zxce}?tionally gO(;l(f yt:art}fl(()ar ltoh‘:?
gg:gr;lifhuse of }\lvater and }for the production of heavy crops. The

X numbers show growth 45 points above the -aporati
10 points below, hours above 8(% F., 18 points bfl%?’tilaggiitfn
ang \z'later requirement 22 points below averace e
oth’evaporation and water-requirement values were in 19 \
. t}ll)e Iean, but temperature was 25 points below and growth ;;21;01}51%1
) iﬂ ove. It was a favorable vear for Kubanka wheat and Kursk mil:

let, but unfavorable for barley, Swedish Select oats, and corn.

'B‘ased on the mean of all the crops the 1915 crops made an
average growth. The distribution of growth among the various
. crops, however, was very unequal. The water requ?reménr, liow-
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ever, was 23 points and evaporation 21 points below the mean.
It was by far the coolest year encountered in this study, the tem-
perature in hours above 80° F. being 56 points below the average.
Apparently, the weather was too cool for certain crops.

In 1916 growth was 46 points below the mean or lower than for
any other year. The water requirement was 31 points, evaporation
12 points, and temperature 15 points above the mean. It was a
dry, hot year, and on the basis of results obtained in previous experi-
ments was favorable to sorghum and alfalfa and unfavorable to
oats, corn, and millet.

During 1917 crops showed a normal water requirement and evapo-
ration, but a growth 16 points below the mean. On the basis of pro-
duction, corn and millet were high while all other crops were low,
Swedish Select oats being 14 points below the mean. On the basis
of water requirement alfalfa, wheat, and corn were the most efficient
and Burt oats the least efficient. On the basis of the largersseries of
crops, corn, cotton, cowpea, and Sudan grass were most productive,
and Swedish Select oats, Kubanka wheat, rye, barley, and pigweed
least productive. The most efficient in the use of water were cow-
pea, grama grass, and Kubanka wheat, and the least efficient Sudan
grass, pigweed, and sorghum.

A comparison of the relative position of crops on the basis of total
dry matter produced and of the water requirement for two extreme
years, such as 1915 and 1916, is of interest. In the following tabulation
the index values of the crops have been arranged in order, with the
crops showing the lowest relative water requirement at the top of
the list and those showing the highest relative water requirement at
the bottom of the list. In the second column the departure above
or below the mean in production of dry matter is recorded. The
difference between the index values of the first and second columns
is recorded in the third column:

Cro ’\\'ater require-f Total dry Difference,
P ment, 1915 | matter, 1915 1915
|

Corn. _ o _____.__ —8 ! —54 —46
Millet_ . TTTTIITTTIITTITII -7 +5 +12
Oats, Swedish Select__. _______. e -7 +51 + 58
Cowpea. o e —6 —15 —9
Oats, Burt_ .- _______________________.___ —6 +27 +33
Sudan grass. .o e o- —6 | —23 —17
RV€ oo oLl -2 | +33 +35
Barley_ . .. 0 + 50 + 50
Pigweed _ _ _ . _. 0 +2 +2
Sorghum.__________ 0, —30 —30
Wheat, Kubanka._ +3 +19 + 16
Alfalfa__________ +4 +2 —2
Cotton____________ +5 —53 — 58
Wheat, Galgalos. . . ... ... ... __.___. +7 —4 —11

+17 —8 —25

The figures in the comparison may be interpreted more readily
by the use of the third column of figures. Minus values in the first
column show low water requirement, while plus values in the second
column show high dry-matter production. On the basis of water
requirement only, the most efficient crops stand at the head of the
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list and show the greatest minus departures, but on the basis of
production those showing the greatest plus departures are the most
efficient. These may be combined as in the third column. Crops
in this column having the greatest plus values are those which are
either efficient in the production of dry matter and economical in the
use of water or which show both these characteristics. Swedish
Select oats, with an index value of + 58, and barley, rye, Burt oats,
Kubanka wheat, and millet, with index values of +50, +35, +33,
+16, and +12, respectively, gave the best performance records
during this damp, cool year. The crops which made poor showings
during the year are: Cotton with an index value of — 58, and corn,
sorghum, grama grass, Sudan grass, Galgalos wheat, and cowpea
with index values of —46, —30, —25, —17, —11, and —9, respec-
tively.
While the data here presented are not as complete as they might
be, they indicate rather clearly that plants are delicately adjusted
to different optimum conditions. The water-requirement and growth
data for 1915 indicate that corn exhibits a high degree of efficiency
in the use of water but that this efficiency is accompanied by a
greatly reduced growth. Apparently the season was too cool for a
good crop of corn, but the cool and damp weather cut down the water
loss, which accounted for the low water requirement. The same
was true also of cowpea and Sudan grass. Sorghum showed an
efficiency in the use of water equal to the average efficiency of all
crops, but produced a very small crop, while cotton was less efficient
in the use of water and produced relatively less than any other crop.
Although it did not fall so far below the mean of all the crops in pro-
duction of dry matter, grama grass required for its growth a rela-
tively great amount of water. All of these crops responded unfavor-
ably to the cool season. Several other crops, however, responded
favorably to the season. Swedish Select oats produced 51 points
more dry matter than the mean production for all plants, the water
requirenent to produce which was 7 points below the average for all
crops. Burt oats was almost equally efficient in the use of water, but
did not produce as much dry matter, while rye, only 2 points more
efficient in the use of water than the average for all crops, was 33
points more productive in dry matter. Although barley was not above
the average in efficiency, it was 50 points above the average in pro-
duction. Kubanka wheat was 3 points less efficient but 19 points
more productive than the average for all crops.

In the results of the 1916 experiments the relative positions of the
crops mentioned above are somewhat different. There is a general
tendency, however, for those crops which stood high in efficiency in
use of water in 1915 to stand low in 1916, and vice versa.

While the hot, dry season of 1916 caused all plants to have a high
_ water requirement, it did not by any means affect them equally.

Oats, corn, and cowpea used relatively a great amount of water,
while grama grass, sorghum, Galgalos wheat, cotton, and pigweed
were relatively efficient. On the basis of total production, however,
neither the same relative position nor the reverse position is main-
tained. Cowpea, corn, pigweed, grama grass, millet, and cotton
. were relatively most productive, while Galgalos wheat, Kubanka
- wheat, and the oats varieties were least productive.
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On the basis of dry matter production, crops showing high plus
values were favored by 1915 and held back by conditions in 1916.
The crops showing high minus values were favored by the hot year,
1916, and were greatly retarded in growth by the cooler vear, 1915.
The hot season crops on the basis of dry matter production are corn,
cotton, sorghum, cowpea, Sudan grass, and gramsa grass, while the
cool-weather crops are oats, barley, rye, and wheat.

If the results of the experiments based on dry matter and those
based on water requirement are compared it will be seen that the
crops are not similarly arranged. In other words, it does not follow
that a crop efficient in the use of water will produce a big yield or that
a high yield is produced with efficient use of water.

The crops which responded favorably to the cool season and un-
favorably to the hot season in both water requirement and dry matter
production were: Swedish Select oats, barley, Burt oats, and rye.
Those that responded favorably to the hot season and unfdvorably
to the cool season were cotton, grama grass, and sorghum. The
other crops were either inconsistent in their response or did not show
any decidedly better performance either year. This may indicate a
wider range of adjustment to weather conditions or an adaptation
to mean conditions. Corn, which was efficient in the use of water
was inefficient in the production of dry matter in 1915. In 1916,
however, it was inefficient in the use of water but efficient in the pro-
duction of dry matter. Cowpea responded in a similar way in the

experiments for 1915 and 1916. Kubanka wheat showed no differ-
ence in water requirement but produced a heavy crop in 1915 and a
licht crop in 1916. These differences are emphasized by combining
the plus and minus water requirement values and the plus and minus

dry matter production values as follows:

| i
Difference of | Difference in
departure departure
Crop fom mesn | mmERn | Combine
requirernent | dry matter results

in 1915 and produced in

1916 1915 and 1916
Qats, Swedish Select____ . _____ . ___________ +22 —66 +88
Barlev. . .- +5 —52 +57
Qats, Burt____ ... +13 —42 -+ 55,
Rye_ - +7 —39 +46
Wheat, Kubanka 0 —34 +34
Millet___ L ___. +13 -4 +9
Wheat, Galgalos. —16 —25 +9
Alfalfa________ —5 —4 —1
Pigweed_ ___ .. —7 +8 —15
Cowpea_____._ +16 +34 —18
Sudan grass_ ... . ____. +1 -+ 28 —27
Sorghum__ . ___.____ . ________. —10 +36 —46
[ @76 o - VR +21 +69 —48
Grama grass.. .- oo —38 +17 —55
Cotton_____ .. _. —13 ~+ 60 —73

High values such as shown by Swedish Select oats indicate the
ability of a crop to produce a good yield and at the same time be
efficient in the use of water during a season such as 1915, and to pro-
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F16. 13.—Swedish Select oats, grown in 1912, producing an average quantity of dry matter per
pot of 396 grargs, with a water requirement of 423. Based on the average for all years, the
dry matter and water requirement index values for this crop were 162 and 70, respectively.

Photographed at Akron, Colo., July 25, 1912

series of plants that they respond very differently to variations in
weather conditions. In all probability no plant is a correct phy-
tometer for any other plant. On the whole, plants are much more
responsive to dryness of the air and the conditions that favor water
loss than is a water surface. The evaporation range for the period
1911 to 1917 (Table 28), varied from 79 points for 1915 to 116 points
for 1911, or 37 points, while the water requirement for eight repre-
sentative crops ranges {rom 77 points for 1915 to 131 points for 1916,
or 54 points. For the hot weather crop, sorghum, the water require-
ment varied from 75 points for 1915 to 110 points for 1911 and 1917,
a range of 35 points. For the cool weather crop, Swedish Select oats,
the water requirement varied from 70 points for 1912 to 146 points
for 1916, a range of 76 points, more than twice as much as sorghum.
Grama grass gave high water requirement values during the years
1913 and 1914, when conditions were not extreme; very high values
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during 1915, a year of low evaporation; and unusually low values
during 1916, a year of high evaporation. In other words, sorghum
and grama grass are unusually eflicient during hot dry years. Oats
is unusually efficient during cool, damp years. To choose any one
of these plants as a general measure of climatic conditions would
introduce all the errors due to the adaptability of the plant to a
narrow range of conditions. Phytometry provides a method of
determining the relative adaptability of a plant to special conditions
through the measure of its efficiency in the use of water.

CORRELATION OF WATER REQUIREMENT WITH EVAPORATION

The figures here presented do not adequately represent the corre-
lation of evaporation and water requirement, since no account is

*

F16. 16 —Swedish Select oats, grown in 1916, producing an average quantity of dry matter per pot
0f 103 grams, with a water requirement of 876. Based on the average for all years, the dry matter
and water requirement index values for this crop were 42 and 146, respectively. Photographed
at Akron, Colo., August 2, 1916

taken of the period of growth and relative size of the crop during
each period. The evaporation data are for the six months’ period,
April to September, while most of the growth of crop plants is made
during the latter part of June, July, and the early part of August.
A very close agreement between the water requirement and evapora-
tion would, therefore, not be expected. It 1s necessary here only
to point out that the variation of evaporation during the different
vears is not as great as that of transpiration, and a tendency on the
part of the plant is to give a water requirement much higher during
extreme years and much lower during the favorable years than would
be expected from the evaporation data. In other words, there is a
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wider range in the water requirement of plants in proportion to season
than there is in evaporation.

The population is so small, there being only seven observations
in evaporation, that the correlation is not as significant as might be
desired. The correlation of evaporation and transpiration for the
different periods is as follows: 1911 to 1917, 0.76 £0.04; 1912 to 1917,
0.87 £0.02; 1913 to 1917, 0.82+0.03; 1914 to 1917, 0.87 £0.02. This
correlation, although only an approximation, indicates a very high
degree of dependence of water requirement on evaporation.

The following are the correlations of each crop with the seasonal
evaporation: Grimm alfalfa, 0.74 + 0.11; Swedish Select oats, 0.76 +
0.11; Burt oats, 0.79+£0.09; Hannchen barley, 0.86 + 0.07; Kubanka
wheat, 0.67 £0.16; Northwestern Dent corn, 0.76 +£0.11; Kursk
millet, 0.74 +0.11; Minnesota Amber sorghum, 0.90 + 0.05.

It is evident from the consideration of the individual crops and
their response to different types of seasons, that no close correlation
would be likely between evaporation and each of the single crops.
It is apparent, however, that water requirement depends to a large
extent on evaporation. This correlation is shown also in the graphs
in Figures 6 and 7.

RELATIVE WATER REQUIREMENT AT AKRON, COLO.

There are two chief causes of variation in the water requirement
measurements presented in this study: (1) The kind of crop, and
(2) the character of the growing season. Other causes were largely
eliminated by the method of experimentation. In order to bring
out more clearly the effect of season or year on the water requirement,
the results have been arranged (Table 27) in such a way as to give
the greatest number of crops used in the determinations during the
period of experimentation.

In order to reduce the measurements made during different years
to a comparable scale in which the relative water requirements of the
different crops can be expressed, it is necessary to weight the values
for each year. This has been done in accordance with the values
shown in Table 27 for the respective years. Index values derived
from the actual values shown in Table 27 are given in Table 28.
These index values show that the plants-do not respond proportion-
ately season to season. Therefore it is impossible to weight these
values without considerable error and the weighted values are
probably not what they would have been had the crops been grown
for the whole period of experimentation, nor is the mean of these
values equal to 100; but the evident mathematical discrepancy is
more than offset by the use of the longer crop series where available.
These are therefore relatively close approximations and the errors
due to crop variation are usually under 10 per cent and never exceed
21 per cent during any one year. With the data available this is as
close an approximation as seems justified. It seemed best to the
writers to present the material in this form; otherwise the reader
would be left to make his own scale. The values of the results for
each crop have been raised or lowered in proportion to the following
scale of index wvalues: 1911, 107; 1912, 80; 1913, 104; 1914, 104;
1915, 77; 1916, 122; 1917, 97.
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Zl&goll)r(;gfl ;I:)gsiblg to give in the final table a welilét;& :(;)hm(lge;n ’I“h;li)ll(ialé
i { the different crops are pr . (8 ‘
't?.}éear:éagz .(; v%ll‘lkll:eo are estimates based on actual measurements for

i sent approxi-

) rs. and in the case of some crops repre
o Olr ntl}(irea%(zzal’ average of the seasons where the crop has been
e for 1 The slight discrepancy between

grown for a period of seven years due to the fact that

. 'S
the actual averages and the weighted mean 1 e years than were

> ; the .
more crops were included in the values for D e ncluded in the

i ‘n 1911. Had only the crops wh € ,
llrz)clhlld:a(‘llulg been considered, there would be no discrepancy between

1 thod here employed, it is
sohted and actual mean. The me : s
%)lgllie‘x‘;gzlg, gives truer values when applied to a wide range of plan
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TasLr 33.-—Actual waler

requirement, based on total dry matter, and the wes

ghted mean for each variety,

grown at Akron, Colo., during the years 1911-191 7, inclusive

genus, and crop or group, of all plants

CLIT

Yeur Number Weighted mean of -
" - o | Of years | .
Phnt for which i t
1911 1912 1913 1 o1¢ 91R 917 record |Species or| _, Crop or
1914 1915 1918 1917 wis made| variely Genus group
—_ —_— e S | — b - S
Prosl?](l’l?n\lcum miliacenm): ( j
ack Voronezh, O L5
Tambov, 8, 3 l| ﬂ g(:)g:t: ~
Black Voro 1 233:‘:9 =~
i hastoc ]0.1 italica): ; * g
ursk, 8. P Lo 3
Kursk: S. . 1. 22420 { | 21613 g
Kursk, 8 P. 134771 o '} 2743 S8
German, S, P, 1, 26845 7 ll 278412
Siberian, A, 1.1 34, U] B0sxs | <
Jurkestan, 8. P, 4 694110 7117 e 3ixe 1] 36848
Sorghum (Andropogon sorghum): + b;
Sorg&- ‘9}
innesota Amber, A. D. I 341-13..______ 23942 j 3
Dakota Amber, A.y D, 1.341-10-A . jf ____________ 283:? ~_?(_):,;f3 _ ,29614 Pk ? ]
m_mllse;(l)é;ﬁlt;:r; S P.1.17543. . [ e i I I i Ny o CER 3 §4
Ilrbwu Knoliang, S. P, 1. DL 3014 22; S
Blackhull Kafir, 8. P, 1, 24935 278:::;2 25gié 3 3
White Durra, 8. P, 1. 24997 3212 25543 g o
D oL 4900 T B2 24913 1 el
G Dwar!hMilo, S.P.L2agr [T | 333x3 | 27334 2 >
rass sorghum— i &
Corn (Zgélg?;yg?ss' 8. P. L 25017 (var. Aethiopicus).__ _____ [ " 35012 5 g
: =<
PSDOIBNI .o 1945 8
Tom Thumb_. ' 2-39?: """"""""""" % =
Meerin__ .. T 1
Indian Flint. 1
padapest..... e T T g PO 1
Mobto e T T 9
e e e = A T e Ml 1
Joaquin, T e T 1
O R 1 el
Northwestern Dent. T 7 1777 71T e DT T T e
Laguna______ i &
et s T < TN St B 855 | =
China White . TRISET | HATA | 34aas 3l P
Towa Silvermine -7 71T T oo 4204377 3007 ( - e 3 - e g
Bloady Butcher . . . . 40547 ). I J B D BT =
£
1| 31343 ]
Hybrids— . 1| 33243 I
China WhiteX Esperanza 1 3345 N
China WhiteX Hopi...___. 1| 3515 e
AlgeriaX China.____ 1| 85841 R
JoaquinX Budapest L) 36145
Gierman C24-1X2___. 1| 37345
China Whi(,Ie,XLaE“““- 1| 3749
Budapest X Pimma______ -~
Joaquin X Pimﬁ—", -----  Z 1| 375411 | 37511 37511 §
Peosinte (Euchlaena Mexicana): .
! Durango.._.ooo . A 1] 36244 36214 36244 §;
S WhitexTeosinte 3704 | -
}l’b(;hma WhitexTeostnte. ... 2 , |, 377D 3779 &y
Sugarbeet (Beta vulgaris): 7 2 ;
Sug \I\lrl():}risgm gmwn?Kleinwﬂ!lzleliell -------------------------- };Z)ig H } 28346 g
( Timbleweed (Amaranthus gra - 35044 1 3145 |- =
Pigweed (Amaranthus retroflexus 33625 2 65832 S
prussinn thistle (Satsolu pestifer) ..o -oooo oo | 305 1 678£48 <
piunb’s quarlers (Ohenopodium album)..—--.---- oo ooooeofo oo =
Polygonuin (Polygonum aviculare) . ... ____.........__..|__.._. 2 g
Barley (Hordeum vulgare): 2 =~
Beardless, C. 1. 716.__ 6 SIBE6
Beldi, C.1.190_ __ ... 2 52842 51816 5186 e;\
Ilunn'('hen, C. 1. 831 (Hordeum distichon) ; V| smoxi2 | RdoLie MOL12 -
Nepal, C. 1, 595 578+13 -
Buck :leheuc (Fagopyrum vulgare) ... 578+ 2| sizxr0 | 51710 =
W h(}gltl:lmer, C. 1. 2951 (Triticum dicoceum) ... __........._. s34 2 36 | S
Durum ' (Triticum durum)— 5480 1 } ABBEG oo e »
Dok, O L 800, & Pl 30480 oo 7 e | &
Beloturka, C. 1. 3705 (old seed). ...} __... 2 49610 -
Kubgmk%b (/‘]. 11-_:11‘(1540 ___________________ 2 N
OIS P L 35 (frorm Siberia): S e O R 3
3. 1. 4131 (old seed)_.—..._.____._.. orese 1 2
(¢, L, 4131 (first ggneratlog)»-) 712+ 3| s
s SRR o e e e e )
€ oy, ST SRR o Paray 2T Plpomeiz T Q
R e et sl ISt It e HR e 1 2
°. 1. 4082 (first generation). _ 1§ 570495 | ... 542414 s
e e L e B R M I ’
Kubanka, C. 12094 ... 1| 45548 ¢
Common (‘I'riticuin aestivum)— 1] 456+8
Turkey, C, 1. 1571 3 520438 |
Kharkof, C. 1, 1583. 1 5309
(hirka, C. 1. 1517_. 2| 53445
Power, C, 1.3697__ e 2| 53947
Marvel Bluestem, C, 1| 5404
Preston, C. 1, 3328_. .. __

Glyndon, C, 1. 2873___

811



TasLk 33.—Actual water requirement, based on total dry malter, and the weighied mean for each variety, genus, and crop or group, of all plants

[
grown at Akron, Colo., during the years 1911-1917, inclusive—Continued :
S
Year Number Weighted mean of—
e .| of years - e
Plant for whéch i
record {Species or Crop or |
1911 1912 1913 1914 1915 1018 1917 was made| variety Gcenus group
Wheal - Continued,
Commeon-—Conlinued.
n}d arqu}s, t . % . ggzi S 408+5 | 42443 2 §4
arquis, C. 1, old seed) ... _... R 4124-3 2
Marquis: C. 1.3641 (first generation).__ 1|[ 8008 |ormooe e g
Marquis, C. 1. 3641 (second generation). 1 3
Prelude, C. 1. 438 __________________ 1 553429 g
Galgalos, C. 1.2398__ 5| 85745 o
Pioneer.. ._.___.___. 1| 562 =
. 1, 4000, B, V1] 36502, Tuirkestan. 2 .
. 14000 (oid seed)....______._.....__ 1 11 IIITITTITIIIIITIIICI I T T |} ssexe b
Ilaynes Bluestem, Minn. 169, C, I. 2874 ! 2| 600+8 [
Pacific Bluestem, C.1.4067._._____.__ 3| 6195 3
C.1.4087, 8. P.1.36499_..___ ... 2 &
C. . 4087 (oid seed) 1 } 6404 Y
C.1.4103. ... 1] 86328 =
- yh?fd%jlw ............................................... 1 (881414 S
Kubanka X Haynes Bluestem __..___._____.. . ... _. 1) 520437 L }eeeccaane. &,
Cold JumilloX Preston. .. Ll 2| 5473 54514 534412 N
otton:
Yot P:I"‘(l;i'umph (Gossypium hirsutum).__.____.______._______..._. 6| 56810 | 56810 | 568:10 P
HE Y
Irish Cobbler (Solanum tuberosum)____...____.... ... _. 4| 49911 Q
U“h]\.{cCormlck (Solanum tuberosum) ________ . 1. 11 . 2| 650x18 3
‘Canadian C. I. 444 (Avenasativa). ... ___ ... ____...__. 598+14 | 3996 ||| feeies 2| 520+11 =
Sixty-Day, C.1.165 (Avena sativa)___.__.__________.______ 6055 EEIE S b NP RN EIPIINN (S 2| 594+12 |-
Swedish Select, C. I. 134 (Avenasgativa) ... ... 615+7 42315 617+9 59042 44810 | 87621 | 63545 7| 60410
e NntiBgr;r’ Ci 1.293 (Avenasativa) ... __ .. .. ... 6397 44943 617+5 61516 44515 8095 6365 7| 606x5
Vi eeds:
. Pursiane (Portulaea oleracen).. . ... o .o Jeee eeeoi e 22211 1| 28111
Cocklehor (Xanthhim eommune) . R . . . A 482413 1| 41513
Nightshade (Solanum tebllorumy) .. (| 1| 487413 b
Butlalo Bur (Solanuwm rostratum) oo )i ._ 1 | (536 2
Gumweed (Grindelia squarrosa)_ ... __ ... .. ___[aoo__._._| 468x%18 [ ______._. 1 5= w
Sunflower, annual (Helianthus annuusy____ -2 __ " 17777 7l T T 7058 2 |(517x =
Sunflower, narrow-leaved from sand-hills (1lelianthus petio- | = bd
7 O o AN S 5700 || 1] s18+n } °
I
) . s stanl
=1h D gsta g
: 1] (744191 623 @
sunflower, narrow-leaved from heavy soll (Helianthus | 2 :1:23 gg;i?g &
T S b e N 1| 702+1 M
,\I‘r):ltt‘:::i‘;lsgnge (Artemisia frigida). b 1| 84725 | 8a7x25 580£16 E
Verbena (Verbena bractiosn) .- - L
V¥etid marigold (Bocbera pappost) Ll o A
l‘ru%z;e';%:nge Early Jersey Wakefield ()Bmsslca oleracea capitata)|- - ------- 1| 7max7 | 61518 ) 615k18
, Early Jersey W a e e O e el
Turnip, purple top (Brassica rapa).-.------------7"-0 T Y -
Rape (ﬁrass?cﬂ DAPUS)_-uowoommomm o e T T T 46948 | 80011 | 6255 6| 634+8 | 6348 634 §
[{ycvem' C. 1. 73 (Secale cereale) . .oo-won--o-o-oo-osommmoeomn| PSR T o 1| 206x16 | 20616 |- --—--- E
Native plants: U U SO U bt M il 1
Bulbilis dactyloides) ... ---o------ 4 | 33801V 338k
glr;“gl: g::ss: ((Bouteloua gracilis) 31214 | 3868 | 0D 1| 3raxr2 | 8712 c?
Bufialo and grama §m‘~‘ mixed ] %}:? gjﬂl '§
slous Gracilis).-cov.cmoomrosoncamesommmm T T 1] f ; . ;
("1,33:;::)1,(;10:“[;{ (Polanisia trachysperma) .. .- .- ! ‘i&gg::gé . gl},’?ligg i
? thifolia) ..o -oovn - 1 ;
1\\‘;25&;2 ::gwecd (Ambrosia elatio e 1| 131350 | 113150 | 638=£31 s
Western wheat grass (Agropyron ! A DU ' S
Franseria (Franseria tenuifolia)...._.------- 015 L) smald ) STTEM oo s
‘uet its: P U A 1+ 1] 50728 | oo . B
¢ ‘uu\l&r'gég}nclon, Rocky Ford (Cltrullus VUIgALS) .- —.---oocp-mo=m===- "1 Tl e 1] 6sex11 | ed2=x21 | - . <
Cantaloupe, Rocky Ford (Cucumis melo). .. ---------o-oermoom 7| 7777 7707 71311 1l Texs |- L
Cucumber, Boston pickling (Cucumis R e O N 74848 1| so2x16| 761213 | 67616 ~N
Squash, Hubbard (Cucurbita maxima)......—.—-----------7===="= "7/ "7 7777 777 83417 17 1Y
Pumpkin, common (CUCUrbits Pepo)--—------—-x-=se-eoss|72mmTm 7 2| esaat7| o217 | 617 |
o . . A res &
RiCe onduras, C. 1. 1643 (Oryza sative)_.o--o.oowooeameomoersiemom= I v »
H .
y O UUUUUU ISR SREPPEP e 5 56 -+ o 2
Imgl:;!‘ll(:" (CYAMODSIS)- o oo cmmpe oo pmmm e m e T T T T 1] Ga£I8| (38E18 | -~
Cowpes, 8. P. 1. 20282 (\{l(mm sm.cr;ﬁf&;ﬁ)-—— 2 6385:{)8 __________ : N
WY . P. 1. 24322 (Cicer arietinum) . 1| 759
Hlt;gel?e %'rismson S. P. 1. 33742 (Trifolium incarnatum).. ! il I ?‘T
Clover, Red, 8. P. 1. 34869 (Trifolium pratense) ... .--.--- 1| 743x8 3
Boan, navy (Phaseoitis VUIEATS)._ --.ononmoosmmsoememm| -7 1| 56212 |oooeeoe S
Bean, Mexican  Phaseolus vulgaris) 2| 8736 |.
Veteh, Black Bitter (Vicia ervillea) . 1| 742211 || S
Votch, hairy, 8. P. 1. 34208 (Vicia villos 1] 75018 |- .-oocf--ooemooec =
Tean, horse, 8. P. 1. 26645 (Vicia faha).. 1) 8090 | 70812 ©
Bean, horse, S. P. 1. 15420 (Vicia faba).._.... - 1 E Ry )
Vetch, purple, S. P. 1. 18131 (Vicia atropurpurea). - 1| 784x24| 715x£18
Bean, soy, cultivated, 8. P. L. 21755 (Sola max)..-- .y g1, 7317 | 7817
Bean, soy, wild, S. P. 1. 25138 (Soja max)._...-- 70000 | 638xd |oaiam oo 1) 7455 | 747x6
Clover, sweet, §. P, 1. 21216 (Melilotus alba)___..oooooooo VSR TR 77545 1| 78ET |-
Pea. Chanada fielq, 8. P. L. 30134 (Pisum sabivim) ool onn ot 1] 83733 | 837+33
Pen, Canada field, 8. P. I. 22637 (Pisum sutivum). - 1) 81326 _--o---- —
|‘|;l;iuus albus, 5. P, 1‘131!"4!717 (l‘ull."{;‘;i:)lbus)' _"_“ _____ 3 1] 62612 [ oononenliommnmeos -t
n seed) (Medicago [alcata)__ ..o |, P 6511
Alfalfa (Tlansen seech) (0205 (Medicago sativa)_ ... _-----lo---—-- Janum ¢ Average of genus Agropyron. o
) ' s Not included in the mean. b Average of genus Solanum.
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Tanrr 33.-—Actual waler requirement, based on woial dry maiter, and the weighted mean for each variety, genus, and crop or group, of all plants

ol
grown at Akron, Colo., during the years 1911-1917, inclusive— Continued :
- [ - — . ) R - S /
Yoear Number Weighted mean of—
of years
Plant for which
- record [Species or Crop or
1911 1912 1913 1914 1915 1916 1917 was made| variety (Genus group
Legatnes  Conlinued,
Alfelfn, Gieimm, AL DL 162 98- A (Mediengo sativa) | oo B 81045 (14415 <3 1 0 NI PR 2 835413
Alfalfa, Grimm, A. D. 1. 15-23 20-52 (Medicago saliva) - S 65711 | R348 906411 3| 831%11 %‘
Alfulfa, Grimm, A. D. L. E-23 (Medicago sativa)_._._ 89016 41 8669 IS
Alfalfa, Grimm, A. D). I. 162-98 (Medicago sativa)._ .. 90412 1| 86912 <
Alfalfa, Grimm, A. D. 1. 162-98-B (Medicago sativa) 90612 |. 1| 871+12 o]
Alfalfa, Grimm, A, D. 1. E-5-30 (Medicago sativa) __.______j- .. ______|._.____ - 93311 |.. 1| 897411 |- Q
Alfalfa, Grimm, 8. P. 1. 25695 (Medicago sativa)_____ R 2| 911%12 o~
. Alfalfa, Grimm, A. D. I. 31-4-60 (Medieago sativa)________.|........_.[..._.____. -- 95748 1| 92048 Q
[ lax:
Damont, C. 1. 3 (Linum usitatissimum) ... ________ | . 1| 624413 |- .. .. ______ t;
Kashgar, S. P. I. 37719, C. I. 50-1 (Linum usitatissimum)__|-...______| . ______ | ________|._____.___. 20 TO35 || Q
North Dakota Resistant No. 114, C. I. 13 (Linum usitatissi- 3
mum)____.__.__.__ R S 57910 .. _o| Ll L 76218 || Q"
Reserve, C: 1. 19 (Linum usitatissimum) 6157 |- 2| 83518 | . oae L. I3
Sodde White, S. P. I. 37086, Abyssinia, C. I. 36 (Linum oy
usitatissimum) ____ .0 . |eeoeeo |l (177 S R I V| 81245 || 8
Smyrna, S. P. I. 36949 (Turkey), C. I. 30 (Linum usitatissi- 3
mumj) ... B N T [ - 66316 | ... |l L[ 86121 | .o | &~
a Jalaun, 8. P, L. 36566, (India), C. L 21 (Linum usitatissimam) | ________ .\ . ____ . ... 682414 ) 109810 | __.___. 2| 8Y3+14| 783+14 783+ 14 m
irasses:
Wheat-grass, 8. P. I. 19537 (Agropyron desertorum). ____._ ... |._.___..__ 706427 1| 678426 | <857427 | _________ %
Brome-grass, 8. P. 1. 29880 Ulmmus inermis) . oo o |.eeooiiilo 101626 1| 97726 | 97725 R28420 g
e . - . . SO - - e - — g
e Average of genuis Agropyron, o>

-
e
IS
A ]
N
S GRS ) o - ShEE T
o
] ! of all IS
3 b variely, genus and crop or group ‘ ]
Actual water requirement based on grain, secd or Luber produ}:g;);z, j.'orlm;l)z,cycar, Jor each 0 :
TanLe 34, - Actuwal watcr Teqrareniet, HESC ( ; o7 i u Jor each, year, Jor eack VTR " " e :
I'AnLE 34 plants grown al Akron, (,olo.,.pcrwd, 1911 , o BT -
T Year ————— 7 of Yeﬂ!'sh — T T -7 . ':’|
. for which| g,604 “rop or
pecies or us
Plant 1912 1913 1914 1915 1916 1917 . ;gc;?ll:ldc Doty | Gen aroup
1911 .
[ M — B
_ - -
1| 53145 =
ook o 1| 603%11 Q
Proso. B :
Voronezh, C. L. 16 ooeiocommcammmnamnan| oo :
%?ﬁiov?rs. D. 366, Akron 366-1-0 | :
Mmle(t: k. S. P. 1. 22420 oeomamimoammmmmmnmmnnaenes ? f{*{?_ﬁg _____________ o~ 5
K‘:‘gk; e 3477_1‘{ 1| 96931 | 96931 | 96931 <
Siberian, A. D. 1. 3-4. i3 :;
BuCkWHeBY _ - - - cocomroocmmemmmemmmmmnmTn T V :
‘ : 1.| 86348
"oy FT IS AUN I [P ‘ 3
kot Amber, A. D. L HMI10-A. -oocoomonc|oooooero| i | a1 | sesk2s | 11 4 6 | 1043£96
Sorg]o)akom Amber, A. DL L 341-10-A oo ooooeo|o ool oga T g5l | 89326 | 11164105 853:!:?(:’:" 1700:1-_22 | 10880 et [T 3
Teed Amber, rs“bf’r'1"\i7I5)4'3I' W | jipaiia0n | 2366104 | 110030 |oeoooooodoeoneemnoncoeen oo ; gl 3
e S P L1753 ...
| | Kaflr, S, P. LG5 —ooooooooer| SELH oo 1] 75311 <,
Gm‘l‘}lli(&ghun Kafir, S. P. L. 24975 ... gggﬁg __________ | o
White Durra, S. P. 1. 24997_._ R 2| siss 3
Brown Kaoliang, S. I. 1. 24993 ggig B ke 3
Dwarf Milo, 8. P.1.24970_ - . .oocnme- 1123457 |--oo--- 2 s i

Bl 11554218 1 941+10 b | it S
Beldl, O 1. 0 &1 1134227 | 1005336 s | B :
e T, 716 1210438 | 101783 :
Pt U VO 1476040 | 123011 1 o e - 2

(“’"J'\I:”m’ o "419 ) OR4L106 BBl A 6 | 100RE£100 | 1405114 | 1405114 ~

’ l"di"l" F“tm" Dent | 3040£342°| 054£106 | 1201£77 o s
Indinn Wl | 07T T I I I B0 | 0100 1T emmeenn TR TR gy | 110247 |

| tormelon, oKy FOr _--—_....o——-wroeeolorme ol e 1] 154064 |oooozeoooo|ooiooos o3

( ucu“r'gaf'mem"v o F?(rlq ___________________________________ = 161112:7;7 1| 17546298 | 1652167 | 1468139 ~

ton pickling | et - X
g:gltl;{g)uel;,e'BROZCkprord ----------------------------------------- 1| 14712127 14714127 14714127 a‘
Cm?li‘[erS:' TR 7 JNRRRRSRPRES IR (et 1530132 |occammmo oo oes 1 Dt I 2
e R S e L T T Y g oty e
"""""""""""""" 156655

. 1983230 | LT3 |-sosiiag 31" 1150-£27 | 1075249 | 185451 7 2
Sty D 122iss | 164163 | 1483k 7| laex :
it 126 igggigg 125508 | 1876056 | L4218 | 110234 | 228830 | 208 R R R
Swedich Seleck G 2904140 | 14165119 | oooooolocmemecene- S A it | W
e 36 Y T - et e I N R o -

Wheth 1180442 | 98418 || oo mmmee | . ~
B« 13 | 1779108 7 | 1365k =
Dumeli; Ka, C. L 1440 o reoooocnmmmazommmaaee 1191414 | 111137 | 132216 }%ig }zl’:giu 21, Lo :]1

ubanka, C. L1440 . _.oooomoommnnmooor| TOISRIR 1 0570 00 o
turka, C. 1.3705__.._. e 1S e —— ) oraas
%zllgrmkn’, C. 1. 3705 (old seed) oo ciies| Mt |

Jumillo, C. o 1736 coonmmmmcnmcmmmmrmmmemmmanloommemmm iz o m o



Kubanka, C. L. 2

C.1.4131, S. P. I 37159 (from Siberia)

C.1.4131 (old seed)_ ... _.___________

C. I.4131 (Ist generation) .

C. 1.4131 (2d generation) _

€1, L4082, S, P. 1. 36388 (flom J’mu)

€. I, 4082 (old sced)__ . ] X

O, 1. 4082 (ist ).JH(‘)(II]OH) e I I P L . SR el
C. I 4082 (2d generationy_ ... . ____ N | | R

|
|
|
|
995:-22 ]
\

Common—
Turkey, C. 1.157i. N — ‘ ,,,,,
Kharkof, C, T 1583 ... oooooo oo [ 106460 |
Ghirka, C. 1. 1517 1382:£43 | 14682-34

Marqms C.1.3641. .
Marqms, C. 1. 3641 (old swd) _
Marquis, C. I. 3641 (st geueratlon)
Marquis, C. I. 3611 (2d generation) .

ZJ'I(}(’)()QU

Galgalos, C. L. 2398 L 1245413
Marvel Bluestem, C. 1. 3082 - 178660 5 |
C. 1.4090, 8. P. I, 36502 (kaosum) N ol 1631426

C. I. 4090 (old seed)
Preston, C. I, 3328..
lhynes Bluestem, I
C.1.4687, 5. P. L. 36499
C. 14087 (old seed)
Pacific Bluestem, C.
Hybrids—
Kubfmka, C. I. 2091 X Haynes Bluestem, C.

Juunllo “CUL 1736 Prestor, C. L. 33 f - cocnem sl st s b e
Potato: . | [
Trish Cobbler. .. s cal] e R e \ 23274197 [rmmmemeaen
Ry \[cCormlck ,,,,,,,,,, e S IE—— P =
¥ |
Vem QI W S e e S A R SR | 221537 1802462 L__._____,,‘ 2291454
Legumes | |
Cowpea, 8. P.1.29282.__ ... .. RO N e ST R R 15764-32 1962427
Bean, navy _.| 1646236 \ fom g
Beap, Mexica. .. .. . ... ... | 188862 1
(‘blckpel S.PoLo2bs22 L. = S
Bean, soy, cultivaie?d, S. L 217 J - 2053351 |
Pea, Cauada, field, S. 0. 1. 29637. | 2322021 ..

Lupmus albus, S. PoL ST \ ___________ (USRS
Fiax: |
Soddo, White, S. P. 1. 37086, &b\\\lma, C.1.36...
North Dakota Resistant No. 114, C. I. 1 -
Reserve, C. 1.19
Jalaun, S. P, 1. 36506, Indian, C. 1. 21 J
Smyrna, S. P. L 36949, Twkey, C. 1. 30 .

S P.T.37719, O L B0~ ‘ ___________ 5

Kashgaar,

| 1042428
944415

"\'J 5165

116175620
145139

6
17254225

33434119

14 8580
125739

-| 278582
- 3975432

[

:

\

“1987£307 | 18560103 | -
- 94&13;\ 974463

,,,,, IR T E 3 .

1185742 ]

21254104 |-
2640-£170 -
209&104
229117 z
1903480
1821460

2395232 |-
23394126 | Sz
2008-43 [ 1
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June 15, 1927 Water Requirement of Plants at Akron, Colo. 1179

THE PROBABLE RANGE OF WATER REQUIREMENT OF
DIFFERENT CROPS AT AKRON, COLO.

The weighted values in the last three columns of Tables 33 and 34
approximate closely the values for the period 1911 to 1917. A com-
parison of the evaporation rate for the period 1911-1917 with that
of the longer period 1908-1925 shows that the means are very nearly
the same and that no extremes exceed those recorded during the
period 1911-1917. (See Table 32.) The writers feel justified, there-
fore, in concluding that the values of the water requirement given
in Table 33 are essentially the values that would have been obtained
had the experiment covered the full period 1908-1925 and therefore
represent with considerable accuracy the water requirement of plants
- at this station. In Table 35 is given the weighted average value,
the probable low values during damp cool years, and the probable
high values during hot, dry years for the crops grown at Akron. The
fourth column of the table under the heading ‘ Probable extremes”’
indicates the basis on which these values have been obtained. The
extremes serve as a correction of the more truly mathematical values
given in column 3 under weighted mean. These are not to be
regarded as measurements, but merely as the writers’ deductions
from the data in hand. They should serve as an expression of the
probable results in the absence of actual measurements.




N Tasfry 35.——‘Weiglztcd

. i
“

waler requirement b

mean
each 1,000 units of water consumed, based on

ed on dry maller, probable lowes

L and highest valie,

and units of dry matter produced for
the value of the weighted mean, for all plants grown qf Akron, Colo, eriod 19111917
inelnsd ’ » P ’
inclusive )
— — '
Number Probable cxtremes of water requirement U'&'r‘: of
of years T e - I T T T ——— T lllﬂlv-t(‘r
for Weighted produced
Plant which g‘) C for cvery
record | mean | st Based on— Highest Based 1,000 units
was P Cf ased o1 Ighes ased on— of water
made {consumed
G
- - [ R I B hv—aﬁih“‘;
I'roso:;
Black Voronezh, ¢, 115 1] 25841 2061 3461 | Kursk millet, S, P, [, 3477 3. 88
Tambov, 8. . 366, Akron 36 1| 26041 208+1 348+1 (. __ do_______ . . 3.85
M."H1Iack Voronezh, 8. I, 33 1| 283+¢ f BT ..o do I 379+12 |77 do____ [T 3.53
1illet.:
Kursk, S. P Laooge. VIo2askis ! gz | 28017 .. do.___._ . 4.63
Kursk, 8 ) Losayzye 20770 7 27443 ‘ 18742 36744 | Actual value 1916 3.65
Uerman, S, p, I. 26845, 2| 278412 2484-7 37316 | Kursk mil 3. 60
Siberlan, A.D. I 34 __ 1| 304+5 20742 40747 d, 3.29
So ’)I]‘g;’llrestan, S.P. 120694 I { I\ 36848 | 25045 49311 2.72
Horg M
Sorgo—
Minnesota Amber, A. D. L3413, 6 21443 | 23949 Actual value, 1912 29842 | Actual value 1915._____ 3.65
Dakota Amber, A.D. 1 341-10-A 1| 28541 21411 innesota Amber. 31441 | Minnesota Amber 3.5t
Red Amber, 5. P, Lazsgy, . TITITIT 3| 28743 21542 | . do. 3163 |_____ do... T 3.48
Grain sorghum-—
Brown Kaoliang, 8. p. 1. 24903 R 2] 28242 20242 | 31042 3.55
Blackhul) Kafir, 8. P. T ! 2] 20246 21945 32147 342
White Durra, 8. P, I 24997 2| 31243 23442 34343 3.21
Milo, 8. P. 1. 24p60. .~ L] 31144 | 23333 34244 3.22
Dwart Milo, 8. P. I. 24970 2| 32444 M3 | do. I 35644 3. 09
Grass sorghum—
¢ Sudan Grass, 8, P, I, W017.. 5] 3803 2063 | Actual value to1s..____ 42643 2.63
-0rn:
Esperanza.__ 2| 29945 ZEts | Northwestern Dent._._____ 41347 3.34
Tom Thumb 1] 3B£8 | 21546 | oo DOD 418411 3.30
Algerla___ __TTTTTm0C 1] 31744 43746 315
Indian Flint_ 1| 32045 45447 3.04
Budapest..__ } 33243 HR4-6 3.0t
Hopi _ 777 21 87 | Mg |0 479412 |27 2,88
Pima . I I O s 484110 2,85
Joaquin 07 || B9 | antag | TTge T 48912 2,82
German C24-g__ "’ 1] 35843 | Oe.o T 0444 2,79
Northwestern Den 7( 361£10 [ 25347 Actual value 1915777777 495513 2,77
Taguna . "~ 7" 1] 36048 262+6 | Northwestern Dent. 50911 27
Uerman Ca4-1." 21111 L1305 | 26334 | do... T 51147 270
i
N 2.67
SI8E10 | . _doo 2.59
K 3| amar .67
China White. ... 2| 386+ 3.19
Jowa Silvermine. . 1} 3807 43244 3.01
Bloody Butcher 4584 2,99
1lybrids— 1] 31343 284 200
China Whitex Fisperanza.................. 11 33243 poi 2.79
China WhiteXHopi....... L 3345 404t1 2.77
AlgeriaX Ohina. ...t 1) 3815 98.£7 2,68
JosquinXBudapest... ... 1) 3581 §15:|:7 2. 67
German O24-1X2. ... ... ... i 3615 16212 R
China WhiteX Laguna. o 1] 375 8 2.67
Budapest X Pims__ ... 1| 374:9 51815
JoaquinXPima. ... 1 2.76
Teosintt’jl) rango 1} 375 5006 2,65
u S . 65
fds— 36244 heat, ¢, 1. 1440 _______
Hybélhdisna WhiteXTeosinte.._..........._.__.... 1 9 30557 Kubanka wheat, C.I.1440_._____. 40412 ) Kubanks w ' . 3,85
Sugar beel: . leben .o 2} 377k 2047 | Pigwoed..._..._.._._.._.___. W
Morrison-grown, Kleinwanzleben..__ Pigweed. . ... ... -4 | Actual value, 1911._ 3.18
Weeds: 2| 2606 ;ﬁi‘ Actual value, 1015. | Soro | Pleweed ot 1.52
Tumbleweed... ....o.ooveooeeoi 6| 3056 644 | Pigweed ... ___ | 803339 [ Allerops.~ 27200 1.47
Pigweed. ... . 1] 3145 ggﬁi% Allerops..__.... | serase |- B0
Rausslan thistic 1| Rl | e | Ao 1.98
N 1| 67848 - o1 531 66812 | Hannchen, C. 1. 631 ........... 1.95
lygonum. ... nchen, C. 1. 831.. ... ... (88412 Har do. .. ........ 191
Barley: * S 3| Bexd | dooss | e Ol S | Sotwp | Hchani valus 16 189
Beardless, C. L.716.. ... 2 544 404411 | Actual vaiue, 1915, 2| 686x3 | Hannchen, C.I. 53 1.85
Beldi, C.1.190..._.._.._. §) k8 | fhel Hannchen, C. I. 531. | 65915 | All crops
Hannchen, C. I. 831 2| 5282 e | an CTOPS...-oamnanen 440 L9
Nopal, O L 886, oo oo 1] 54012 67713 | Kubanka wheat, C. 1. 1440.___.__.
Buckwheat. .71 2{ 51710 419+8 | Kubanka wheat, C. 1. 1440._______ d .. 2. OZ
i O LML) 2 ST (043 | Kabnk i .1 1| T3 | Ko L C PR CLLEREEPPL R 2.0
whcli‘,l:‘nmcr, C. 1. 2951 30115 el gggiii Actual value, 1916. . 2.02
Duram— I. 35480 3| 48346 7 | Actual value, 1912, 650-:13 | Kubanka wheat, C. 1. 1.88
Beloturl:m,((} 'II'IZ%& LR ; igéﬁo ig;ia Kubanka wheaé.i50~ : 71915 | Actual value, 1916 1.82
Kubanka, C. I. 1 value, 1 odo .. 1.75
i 5744 | Actua g - 71049 | . 101440 . ’
Jumille, C. 1. 1736 : 6| 831+131 3 Fo L R - 47+33 | Kubanka wheat, C. 1. -
) 1, 8. P. 1. 3715 (from Si T S48£12 | 41346 | _-..do... LC. T a4do._ L HIE .
? } 1(1%2'_ S. P. 1. 36388 (from Peru).......... 1] 570x325 | 46220 | Kubanka wheat 59610 O el g f{i
b OIS bk hent, € 1L TR | Hubenk .
(:oxxﬁlé’:ﬂka' 1] 45548 | 3606 |..... do......... 50710 |- -gg:: - i gg
Trkey, G L A8 o 1 T T 1.87
Kharkof, O, L 1583- oo oo 3 Tlllde 186
Ghirkﬂ.CC -II 3}53177 -- T ; ~do______.___ 1.85
i Mg S ) S | e e do__......__. .
g?arve'] Bluestem, C. 1. 3082. i 2 'Xctux;’] value, 1916, - }ﬁf
Preston, C. I 332?;3"“' ______ 1 Kubanka wheat, C. I. 1.80
Glyndon, -1 215 : ot el e v
arquis, C. L -- Kubanka » C.
Prelude, C. I, 4323 __ 5 kn wheat, C.
G:\]zﬂlOéy C.71. 2308 o 1 Xuban »
Pioneer... ..o
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TaBLE 35.—Weighted mean water requirement based on dry matter, probable lowest and highest value, and units of dry mailer produced for
each 1,000 units of water consumed, based on the value of the weighted mean, for all plants grown at Akron, Colo., period 1911-1917,
inclusive—Continued

) Probable extremes of water requirement Units of
Number dry
of %'eurs - n::ltter .
or produces
Plant which W:igmed for every
reﬁﬂ;d Lowest Buged on— Highest Based on— I:%'l::llfll\
made B consued
OR
Whe.:t—Continued.
Common—Continued.
C.1.4090, 8. P. 1. 36502, Turkestan__.._......_ 3| 584%6 47345 | Kubanka wheat, C.1.1440__._..__[ 76548 | Kubanka wheat, C.L. 1440_____._. L7
Haynes Bluestem, Minn. 169, C. 1. 2| 60048 4866 d .| 743=%11 | Actual value, 1916_ 1.67
Pacific Bluestem, C.1.4067.._.__.__.__. 3| 6195 49114 6907 1.62
C.1.4087, 5. P. L. 36499. 30 64044 51843 838+5 1.56
C. 14103 e 1| 6638 5376 860110 1. 51
Hybrids—
KubankaXHaynes Bluestem........_..__.... 1| 521417 | 422414 683422 |..... (1 1 S 1.92
Cott JumilloxXPreston._ ... ... 2| 54743 4432 TN7+4 | odoo. e 1.83
lotton:
P l'l;riumph ......................................... 6| 56810 | 443+8 65711 | Actual value, 1913 ... _.___ 1.76
olato:
Irish Cobbler.. 4| 499111 | 32014 65915 |_____ & L T 2.00
o tMcCormick 2| 0650:i8; 50114 74458 | Actual value, 1916.__ . .. ___.__ 1.54
Outs:
~Canadian, C, L. 444._____ ... ... __.___... 2| 520411 3708 772416 1.89
Sixty-Day, C. 1. 165_..__ _ 2| 594+12 | 4168 | ____ O e e 86718 1. 68
Swedish Select, C. I, 134 - 7| 00410 | 42315 | Actual value, 1912 876121 166
Burt, C, 1203 ... 7| 6005 44545 | Actual value, 1015 8095 1,65
"Nalive weeds:
Purslane. el 1] 28111 | 214348 | Pigweed. .. ... ... ... ... 31812 | Pigweed. .. .. ... ... 3. 50
Cocklebur_ . £ 41518 | 32010 | Allerops. oo oo cmoao e 50616 2.41
Nightshade._ 1| 587413 | 375+10 d 594+16 2.05
Buflalo Bur. _____. 1] 5367 41345 65419 (.87
Gumweed_____.____. - 1| 58523 | 45018 714428 1.71
Sunflower, annual - 2| 57748 44416 704110 1.73
Sunflower, narrow-leaved from sand hills . 1] 548411 [ 42248 66913 1,82
Sunilower, nurrow-leaved from heavy soll. - 1| 744410 | 57315 008423 1.34
Mountain sage. ... .. ... . 2| 65420 | 504%15 7U8+24 1.53
Verbena_ ..o ... - 1] 702x19 | 541+15 856123 | 1.42
Fetid marigold. _____ N 1| 847425 | 652419 | 103331 1.18
Crucifers:
Cabbage, Early Jersey Wakefteld . 1| 518%7 39945 63219
Turnip, purple top 1| 614x30 ( 473423 740437
R 1 7147 5505 87119

o 1 L A AR

1,68
’ 11 | Actual value, 1910 oovconummnomos
1 63448 | 46948 | Actual value, 3915 oo oe e m o 800 fos 10141917 ..~ 3.38
RYS: s 6 017......| 34619 | Grama grass, series 17777 -""""" 2.96
vern, C. I. TBocemeomoimnmeeee 16| 258414 | Qrama grass, series 1914-1917 - - 38047 | Actual value, 191'4“i§i4:1917 2,67
Native plants: - L ?gill 200-+9 Actual value, 1917"'-i;:1'§i5 439x14 | Grama grass, series - 207
Butialo gruss. .- T % %74:‘:12 395410 | Grama grass, serles 19 - 87
%{ﬁ};‘,ﬂofﬁ‘ﬁsgmma grass mixed. 1 mii}wl gfig Al erops..--- -7 L 1o
3 weed . _.oooooomomoees 1| 53 -- 0
W g ==
, Whont grass .- 1 173
{;‘;i%g’,‘, wgeat-grass__. 1 1131450 | 87130 L B
Fransetifi. - -....--o----mosommmmTmmmTTTI0T 11 1.46
. its. 1| 57714 | 444k .
Y atermelon, Rogky FOrd....._.———c----- -7 | soraas | 40w 3
Rocky Ford. 1]
?%Zﬁili’&‘i?’noswn piekling - 1| 710%8 554:1:(152 Lo
Squash, Tiubbard ... ...ocoo-oeemmt T 1| so2x16| 617+
Pumpkins, COMIMON ..o oor=mmsmm77777" S . SR Bl e Lol
Rice: e enn 2| 68217 5 | 69615 | COWPeB. _.oouocpemmmnoe- 1.76
Ttonduras, C. L. 1643 .—---oo-o- 52348 | 37E6 | COWPRR..oooooooommrmee oo 76728 | Actual value 1916 1.57
Legumes: 36046 | 41345 | Actual value 1915 778122 A“t,cr(ip;il-ﬁé TorsC 1. g;
Cowpea, 8. P.1.20282.. 63818 80548 | Actual L2
b rimson, S. P. L. - 1,78
(6}352;', Tod, 8. P.1.34869 .- 6564 1.78
Bean, DAVY----- 74358 L7
Dean, Mexican. 56212 .35
Vetch, Black Bitter____----- 58746 L3
Velelr, hairy, 8. . T. 34208, 74211 1 5n
Boan, horse, 8, PLT 26040 ooao oo 750£18 62
Bean, horse, 8. I LA - oomene T ROD:EQ L.
Valeh, purpie, 8,1, L IRSL. oo BABED 3
Bean, soy, cultivated, 8. 1,1, 21755 - - - . 7RAL24 3
' soy, wild, S. ', 1. 25138 - - 74545
flean, S0y, ” 1
- Pea, Canada fleld, S. P. 1.30134. . 748+7
Pea, Canads field, S, P. 1. 22637 731+7

Clover, sweet, 8. T. L21216_ .- ".__.:_.._
Lupinus alpus, S. P.1.35477.

Alfalfa (Hansen seed) - -

Alfaifa, Peruvian, S.P
A]fa]ffa, gn'mg. i g L~
Alfalfa, Grimm, A, . 2.
Alf:lfa, Grimm, A. D. I E-23..._-

105514
1100£11
110315

R R R
R

110615
| ’ 14
‘Alfalta, Grimmm, A. 12 11 35%115
Alfalfa, Grimm, bt |
‘Alfala, Grimm, A. D Sttt
‘Alfalfa, Grimm, S. . e

‘Alfalfa, Grimm, A. D. T. H 460 cocmmmmmmmmmnm
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TABLE 35.—Weighted mean water requirement based on dry matter, probable lowest and highest value, and units of dry matter produced for
each 1,000 units of water consumed, based on the value of the weighted mean, for all plants grown at Akron, Colo., period 1911-1917,

inclusive—Continued

Probable extremes of water requirement Units of
Number dry

of ?vears mfg;terd

or : produce:
Plant whicg Wregggﬁed f%ver%’s

' recor ;i . - 1,000 uni

was Lowest Based on— Highest . Based on of water
made consumed

(*)
Flax: ’
Damont, C.1.3_____________. . 1] 624413 | 48010 761116 1. 60
. Kashgar, S, P.1.37719, C. 1. 50-1_______ - 2| 70325 5414-4 85816 1.42
North Dakota Resistant-No. 114, C, I. 13 - 1| 752413 | 57910 o| 917+18 1.33
Reserve, C, 1.19______________ memmemaes 2| 8354-18 | 643414 o 1019422 | 1.20
Soddo White, 8. P, 1. 37086, Abyssinia, C. 1. 36 1 81245 62544 99116 1.2
Smyrna, S. P, 1. 36049 (Turkey), C. 1.30___ 1| 861+21 663116 105026 1.18
a Jalaun, 8. P, 1,36566 (India), C. L. 21.___________. 2| 893x14 | 683x11 108917 1.12
rasses:
" Wheat-grass, S, P. X, 19537___ . ___....._. 1| 678+26 | 522420 |._.__ do_ .l 827132 1.47
-Brome-grass, S. P. 1. 29880_______________________ 1| 97725 | 752419 [ do. . 119231 1.02
I

s The term * productivity of transpiration’” has been used to express the water requirement and is applied to the units of dry matter produced for every 1,000 units of water con-
sumed, and is the reciprocal of the water-requirement multiplied by 1,000. See MARSIMOV, N. A, (MAXIMOW, N. A.) THE PHYSIOLOGICAL BASIS OF DROUGHT-RESISTANCE OF PLANTS.

Trudy Prikl. Bot, i Selek. (Bul. Appl. Bot. and Plant Breeding) Sup. 26, 436 p., illus.

b In 1911, S. P. L. 22420 was used.

1926. [In Russian, English abstract, p. 393-407.]
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June 15, 1027 Water Requirement of Plants at Akron, Colo. 1185

THE PROBABLE ERROR OF THE WEIGHTED VALUES FOR WATER
REQUIREMENT

The probable error expressed in these summary tables shows only
the error due to experimentation or to the lack of uniformity of the
six pots used in each set. Where several sets are averaged the prob-
able error is also expressed for the average. In order to check these
probable errors and to determine to what degree it is justifiable to
weight the results, the whole series has been regarded as a single
population and the value of each observation in the series has been
raised or lowered by the proportionate amount. (See Table 36.)
These weighted values have then been regarded as one population
and their probable error estimated. The error of the weighted
average includes only the experimental errors and does not take into
account the variation of the weighted values during different years;
while the error of the average of the weighted values includes in
addition to the experimental errors the errors due to the weighting
and the variations one year with another. A comparison of the errors
of these averages shows that the error is not increased by including
the errors due to the weighting of the values. )




TasLE 36.—Comparison of probable errors derived from weighted means of water-requirement measurements with probable errors derived from
weighted individual determinations treated as a single population for crops grown at Akron, Colo., 1911-1917, inclusive

Corn . Sorghum
s Oats, Swed- Oalts, Barley ‘Wheat ' ot Millet, : o
wAelirdtllrt(::'d ish Select, Burt, |Hannchen, | Kubanka, ljl?; tl‘;‘:ﬁ" Kursk, MX%‘&?"‘
Year indi%idual weigbted | weighted | weighted | weighted weighted. ‘weighted weightod
pots | individual | individual | individual | individual | FEECIC, | individual | FEETR
pots pots pots pots pots pots pots
419
479
s 1006 583 617 500 oS 288 277 971
1000 564 591 445 120 325 263 202
1911 1007 615 621 499 372 356 267 267
--------------------------------------------------------------------------- 879 562 582 484 46 356 270 293
1024 576 566 © 4% 164 379 264 270
1073 549 606 538 189 360 266 276
438
. 460
Welghted Mean .- . ... i, R 09815 57517 5977 49317 43717 34449 2682 827944
905 520 544 573 440 429 240 284
823 543 583 565 480 365 230 303
1012 790 523 566 553 491 358 228 205
----------------------------------------------------------------------------- 775 498 548 555 514 310 235 300
784 544 570 545 523 316 228 303
i 4 549 550 530 508 321 244 305
Woeighted eI, ... o e 82114 52046 56144 55444 49319 350£13 23443 20943
852
831
744
| 770 620 1 5RR 490 119 269 284
| 838 631 502 478 | 850 275 208
1913 789 581 ; 625 88 | 390 277 288
TR RAEECLEED 783 568 500 493 5 4m 260 289
i1 782 58 599 60 ;39 255 279
| 820 573 i 563 483 | 361 303 284
| 852 i !
i 79:) | ‘ ‘
769 H i
Weighted mean . e } 86248 5939 | 59845 ... | 47745 1 384412 27544 28712
i
- 77 288
483 72 | %
i I B B
838 20 : :
] 881 e o] i ?ﬂg VS %833 20
------------------------ ] 852 ) 48
I ooomeomeen o 1| 846 567 o EH 510 317 i s
il s43 582 ¢ 48045 49816 354:£6
i 8566 5762 50146 258 256
------------------------------------- 336
Weighted mean oo coosrmeesom =77 \ 930 560 ggé i 2}% 23 ) o
891 53 505 548 3 270
| 965 623 623 6 322 256
______________________ R 628 579 e prd 323 262 28
[T T SRR R L LSSt 901 583 568 588 506 366 275 1 26444
- e ggéﬂs g;g:tﬁ 52514 5268 3209 262+
+12 i :
TSP PV PULEE St 903 " 580 570 330 :",{)0 32:}
Weighted meam....ocooomeoooemos 818 752 ?;1’2‘ povt w03 424 i("i 214
4 60 785 e e AG6 393 . hoY
| [ 832 6 il e 535 363 281 2
--------------------- 835 i ko 53 54% %0 o -
------------------------------------------ 880 2 X 7 . T 434
1018~ n 805 Mgi” ggé ™ 552;’ 27 | g‘;lil, 40611 30143 2433
| 8587 7 264
RS PP EEEE S 340 307
Weihed Mean ..ot [P 639 €82 ok o 362 287 3%
i1 837 639 666 85 490 357 279 .
1] s81 672 6o Fs 17 373 - b
_______________________________ 840 654 o0 553 477 35 304 284
ST\ FURUUTRRRURRURERPRERP SIS S ] 819 680 535 T T 5| 2805
o S5s S5 | st 4864 srd | WeER| TP
84748 T
LR b _ MR " eosad | a4 | 485 ELE e | 2194l
Weighted meati. .. ...ccoovvomon- i ! 86116 6047 6064 e e e T '__?7_5:*:4
Weighted average (] values regarded as a single population). - --------=----==- e T o6ks | 52848 l 4917 \ 1£10 | AL \
_______ I 869ll dl o
Average of weigbted MeANS._..o..o-.ocomosmmnsrmnTre T | ) ' -

- ——

R

s Red Amber, 8. P. 1. 17543.

9811
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1188 Journal of Agricultural Rescarch

Vol. 34, No. 12

SUMMARY OF WATER-REQUIREMENT MEASUREMENTS AT
AKRON, COLO.

The results of the water-requirement measurements at Akron,
Colo., from 1914 to 1917, inclusive, are here presented in detail,
With these are summarized those previously published. Measure-
ments totaled 288 sets of plants, or more than 1,800 pots, covering
the period from 1911-1917, inclusive.

On the basis of the average year at Akron, Colo., it is possible to
compare the widely different crops grown in this experiment with
each other. The lowest values, based on total dry matter, were
obtained for the millets, sorghums, and corns; the highest values for
the native plants, flaxes, and legumes. The water-requirement
range is very great, from 216 for Kursk millet to.1,131 for Franseria,
a native weed. In other words, Franseria required five times as
much water to produce a ton of dry matter as did Kursk millet.

If the water requirement of proso millet is taken as 1.00 the water-
requirement values for the various crops in terms of proso would be:
Millets 1.07, sorghum 1.14, corn 1.31, teosinte 1.40, sugar beet 1.41,
weeds 1.66, emmer 1.94, barley 1.94, buckwheat 2.02, durum wheat
2.03, common wheat 2.09, crucifers 2.12, cotton 2.13, potato 2.15,
native weeds 2.17, oats 2.18, rye 2.37, native plants 2.39, cucurbits
2.53, rice 2.55, legumes 2.81, flax 2.93, grasses 3.10. These are often
large groups and there is great variation within the groups. In
genersﬁ terms, the millets, sorghums, and corns are most efficient.
The small grains—barley, wheat, oats, and rye—required almost twice
as much water, while the legumes required almost three times as much
as the millets, sorghums, and corns. The lowest value obtained was
for Kursk millet, S. P. 1. 30029, 216, or on the basis of the comparison
of groups given above a value of 0.81; the most efficient proso 258,
or 0.97; the most efficient sorghum, Minnesota Amber, 274, or 1.03;
the most efficient native weed, purslane, 281, or 1.05; the most

efficient native plant, buffalo grass, 296, or 1.11; the most efficient
corn, Esperanza, 299, or 1.12; the most efficient common wheat,
Turkey, 455, or 1.70; the most efficient durum wheat, Beloturka,
483, or 1.81; the most efficient potato, Irish Cobbler, 499, or 1.87;
the most efficient barley, Beardless, 506, or 1.90; the most efficient
crucifer, cabbage, 518, or 1.94; the most efficient legume, guar, 523,
or 1.96; the most efficient oats, Canadian, 529, or 1.98; the most
efficient cucurbit, watermelon, 577, or 2.16; the most efficient flax,
Damont, 624, or 2.34.

The most efficient plant is the introduced millet, Kursk, S. P. 1.
30029, followed in order by Black Veronezh proso, C. I. 15; tumble-
weed; Tambov proso; Kursk millet, S. P. I. 22420; Minnesota Amber
sor%hum; Kursk millet,S. P. 1. 34771 ; German millet; purslane; brown
kaoliang; Black Veronezh, S. D. 331, millet; Dakota Amber sorghum;
Red Amber sorghum; Blackhull kafir; buffalo grass; and Esperanza
corn, all of which have a water requirement under 300.

This list includes all prosos and sorgos and most of the millets,
a few of the grain sorghums, and one each of native plants, native
weeds, and corn. In other words, 16 of the 151 plants measured
gave a water-requirement value based on dry matter below 300.
Some of these belong to the group of plants showing most efficient
~ use of water during hot, dry years, but others were relatively most
_ eflicient during the cool, damp years.
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highest. The greatest range is for oats, for which crop the lowest
value is only 48 per cent of the highest value; while the lowest range is
for sorghum, for which the lowest value is 80 per cent of the highest.

If the crops are so arranged that those having relatively the lowest
water requirement during the cool, damp years are placed at the
plus end of the scale and those having the lowest relative water
requirement during the hot, dry years at the minus end of the scale,
the values (+) or (—) being the difference of departures from the
mean of all crops for the cool, damp year and the hot, dry year, they
will rank as follows: Swedish Select oats + 22, Northwestern Dent
corn -+21, cowpea +16, Burt oats + 13, Kursk millet +13, Vern
rye +7, Hannchen barley +5, Sudan grass +1, Kubanka wheat 0,
alfalfa —5, pigweed —7, Minnesota Amber sorghum —10, Triumph
cotton —13, Galgalos wheat —16, grama grass —38. The mean of
all crops included is 0 and Kubanka wheat falls on this mean. If
evaporation is treated as a crop its value is —4. If the plant is used
as a potometer and the value is expressed as the water requirement,
the value applies only to the particular plant used. If the water
requirement, obtained for a plant like oats were applied to a plant
like grama grass to get the measure of seasonal difference in 1915
and 1916, granting that 1915 were known, the resulting error would
have raised the value in 1916 from its proper figure of say 100, to 183.
On the basis of evaporation from a water surface this error would
have raised the value of grama grass for 1916 from 100 to 132. Based
on the results of this study which cover only about 23 plants, the
evaporation data falls near the mean for all plants and therefore
probably represent a safer value for comparing year with year than
the water requirement of a plant chosen at random. To apply the
results obtained from any evaporation system or from any plant to
another evaporation system or plant would almost surely lead to
error.

If both water requirement and total production of dry matter of
plants are measured during & dry, hot year and a cool, damp year
their relative efficiency in use of water and production of drv matter
may be easily shown. The values of combined units of departure
from the mean of crops grown at Akron from 1914-1917, in terms of
Akron climate, are as follows: Swedish Select oats, +88; barley,
+57; Burt oats, +55; rye, +46; Kubanka wheat, +34; millet, +9;
Galgalos wheat, +9; alfalfa, —1; pigweed, —15; cowpea, —18; Sudan
grass, —27; sorghum, —46; corn, —48; grama grass, —53, and cot-
ton, —73. The plus values indicate efficient use of water and pro-
duction of dry matter during cool, damp years and inefficient use of
water and production of dry matter during hot, dry vears. The
minus values show relative high production of dry matter and effi-
cient use of water during dry, hot years and low production and
inefficient use of water during damp, cool years.
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