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Plate 2. A Utah Moqntain Stream in Ju1l ' 



Plate 3. The approach to the head weir, showing the main flume and laterals 
of the irrigation system. 

Plate 4. Head Weir and Register. 



Plate 5. A part of the irngation system. (Looking south-east.) 



Plate 6. A part of the irrigation system. (Looking North-east. ) 



Plate 7. A lateral flume. 



Plate 8. Method of applying mp.asured quantities to the experimental plats. 



Plate 9. MethoQ. of taking- soil samples. 1st view, 

Plate 10. Method of taking soil samples. 2n~ view:.. 



Plate 11. Harvesting peas in the studi of ' the chemical development of 
. irrigated crops. 

Plate 12. Method of weighing and drying soil samples. 



Plate 13. P otat oes g row n with 19.98 ill ches of water. 

Plate 14. Potatoes grown with 15 inches of water. 
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PREFATORY NOTE. 

The fact that the ancient and, to arid countries, in
dis pen sible art of irrigation lacks a scientific basis, is 
the justification of the decision taken two years ago by 
the officers of the Utah Experiment Station, to make 
irrigation the central subject of their investigations. -x-

It seemed also eminently proper that Utah, the 
p~oneer irrigation state, should lead out in such work. 

'l'he difficulty of searching out natural laws and de
veloping principles, upon which may rest the practice 
of so complex an art as is irrigation, made it necessary 
to draw into service all the departments of the Station. 
The work reported in this bulletin was planned and ex
ecuted, and the results prepared for publication, joint-
).y, by three departments, which have now worked 
together for two 'years, in the most harmonious manner, 
for the elucidation of the principles of the art of irri
gation. This bulletin may, therefore, be said to repre
sent, also, the successful outcome of an experiment in 
scientific cooperation-the first attempted at this Sta
tion. 

The work herein reported has been divided as fol
lows: The construction of the wiers and flumes., and 
the measurement of the water applied to the experi
mental plats have been in charge of George L. Swend
sen and William D. Beers, of the Department of Irriga
tion Engineering; all field operations, plowing, tillage, 
harvesting, and the proper application of water, have 
been in charge of Lewis A . Merrill, of the Department 

*The earlier bulletins on irrigation, published by the Utah Station, are the following: 24, 
Irrigation; 26, Sub-Irrigation; 29, Irrigation; 38, Seepage waters and the Underflow of Rivers; 
39, Farm and Orchard Irrigation; 46, Earthen Dams; 50, The Water Supply of Cache Valley; 
71 , CarryingCapa.citiesofIrrigationCa.na.1s. All, with the exception of J.If.> . 71 , a.re out of 
print. 
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af Agronomy; all soil sampling, soil moisture determi
nations; field and laboratory studies of the life histor
ies and chemical composition of the crops haye been 
in charge of John A. Widtsoe, W. W. McLaughlin and 
Osborne Widtsoe , of the Department of Chemistry::;
The results of the investigations have been prepared 
by the heads of the departments , each preparing the 
work done by his own department. In numerous cases 
the lines of work have so overlapped that the depart
ments have been obliged to render each other impor
tant assistance . . In such instances, the best adjust-
ment possible has been made. 

JOHN A. WIDTSOE, 

Director. 

*Acknowledgments should be made to Dr. P. A. Yoder, who made the carbo-hydrate de
terminations in the potatoes and sugar beets and the mechanical analyses of three samples of 
soil. Mr. Robert Stewart made the chemical analyses of the same samples. 
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IRRIGATION EXPERIMENTS IN 1901. 
(ON THE COLLEGE FARM. 

A. INTRODUCTION. 

Irrigation studies fall into three main divisions, 
:as follows: 

. ( 1. The Conservation of Atmos-

1 
pheric Precipitation. 

IrrigatiDn Studies 2. The Conveyance of Water to 
the Farms. 

l 3. The Use of Water on the Farms.: 
The third division, which in position, though not 

in imp )rtance, is nearest the farmer, has received most 
.attention from the Utah Experiment Station, during 
the past two years. . 

This bulletin is the first report of the recent irri
.gation investigations of this Station, and deals, wholly, 
with the proper use of water, by the farmer. The re
.sults herein presented were obtained from the irriga
tion plats on the ,College farm during the season of 
1901. 

1. THE GEOLOGICAL B1STO~Y OF THE FARM. 

When Lake Bonneville filled the valleys of Utah, 
the Logan river formed a large deposit of gravel and 
.sand near its mouth, where it left the canyon and met 
the quiet waters of the lake. When the lake fell to 
what is known as the Provo level, the top of this de
posit or delta, was levelled by the action of the waves 
as they dragg'ed upon the top of the hill, which formed 
the bottom of the shallow waters near the lake shore. 
When the lake fell still lower, another level terrace 
was formed on the side of the delta, by the action of 
the waves; and as the lake fell stHllower, yet another 
terrace was formed. Further, the Logan river 
with the falling of the lake, cut a channel 
Tor itself in the delta which it had formerly con-
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structed. This is known as the present Logan river 
hollow. North of the hollow, on the first terrace, 
formed during the Provo level of Lake Bonneville, lies 
the College farm, on which the experiments recorded 
in this bulletin were conducted. 

As would be expected from the history of its ori
gin, the hill is a great gravel and sand bed, nearly 300 
feet deep, in which the materials are found distributed 
with little reference to their sizes. Occasionally there 
are found pockets of sand or clay in which beautiful 
evidences of sedimentation are observed; but these 
cases are very few. 

On the top of the hill, ages of weathering have 
produced a thin layer of gravelly soil, varying in thick
ness from nine inches to six feet where there happens 
to be an outcrop of a sand or clay pocket. During the 
last fourteen years, the persistent efforts of the Sta
tion workers have resulted in the removal of most of 
. the surface rocks on the irrigation plats; and the ad-
dition of countless loads of manure has deepened and 
given life to the soil. The college farm is typical 
'~bench land, ' of which there are many thousands of 
acres in Utah. In most cases, these benches have 
b en caused by Lake Bonneville, or else bear definite 
relationship to p riods in the history of this ancient 
lake . 
2. RISTO Y ND SOIL ONDITIONS OF THE I RRI ATION 

PLATS. 

Ninety plats, 2x4 rods and eight plat, 2x5 rods, 
w r set apart for the irrigation work. The distan s 
between the plats were 2t feet east and west and 6 fe t 
north and south, These plats are situated in the 
southwest corner of the farm, where th best and deep-
st soils are found. The soil was first broken in 1 90. 

Its agricultur:11 history since then will be found under 
the discussion of water versus the yield of dry Inatter 
and crop. 

The surface conditions of the irrigation plats, as 
observed in early spring and late fall, when no crop 
are growing, are shown in Fig. 1. 

By the use of long 12 inch augers the average 
depth to gravel on each plat, was determined. Tabl 
1 gi ves the results obtained; and Fig. 2 shows graphic
ally the same results. 
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FIG. 1 
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FIG . 2. 

M.8.P 
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IRRIGATION INVESTIGATIONS. 

TABL E NO l.- DEPTH OF IRRIGATION PLATS. 

(In Inches.) 

7.> 

Pla t Depth Plat Depth Plat Depth Plat Depth Plat Depth 

255 25 297 37 319 19 341 14 363 37 
256 14 298 36 320 ]9 342 15 364 26· 
257 19 299 36 321 18 343 8 365 12: 
258 20 300 29 322 10 344 23 366 25 
259 36 301 ]8 323 14 345 24 367 32 
260 40 302 29 324 20 346 24 368 32 
261 36 303 23 325 36 347 22 369 25 
262 48 304 26 326 27 348 12 370 18-
263 51 305 23 327 12 I 349 17 371 31 
255A 25 I 306 18 328 11 

I 
350 • 31 372 27 

2E6A 17 307 20 329 18 351 32 373 33-
257A 23 308 31 330 9 352 30 374 52 
258A 29 309 22 331 19 353 15 
259A 26 310 20 332 9 354 21 
260A 38 311 18 333 17 355 21 
261A 59 312 25 334 49 356 21 
262A 54 313 16 335 24 357 11 
263A 59 314 16 336 19 358 25 II 
293 16 315 28 337 44 359 14 
294 41 316 44 338 23 360 44 
295 23 317 18 339 25 461 33 
296 34 318 28 340 39 362 41 

The con'dition of shallow soil, with a very porous 
subsoil, introduces great difficulty into irrigation ex
periments; especially is this so, when the depth of the 
soil varies as much as it does on the plats under 
discussion. On the other hand, the one great advan
tage is that absolute certainty exists, that no water 
has been drawn upward to feed the plants, or to be 
eTlaporated from the soils. Many of the later experi
ments in irrigation have been conducted on deep, uni
form soils, characteristic of the majority of Utah soils. 
The results in this bulletin have highest value when 
applied to the bench lands of the state; though many 
of the conclusions drawn can be applind to all irrigated 
districts. It is specially mentioned in the text, when 
a result can be applied only to a certain class of soils. 

The gravel underlying the soil is composed of 
rather large water worn pieces of limestone, from the 
Silurian period, as evidenced by the frequent occur
rence of characteristic fossils . Occasionally, pieces of 
quartzite have been encountered. Crystalline rocks 
appear to be absent. 
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Samples of soil were taken from each plat in the 
irrigation series, and a composite sample obtained, 
which was subjected to chemical and physical tests. 
Iron ~ylinders, six inches in diameter, and one, two 
and three feet long, were also driven into the soil in 
various places, then brought into the laboratory with 
the soil approximately undisturbed. These cylinders 
of soil were saturated wjth water, weighed, dried, 
weighed and the process repeated, until concordant re
sults were obtained. In this manner, the specific 
gravity and absolute water capacity of the soil under 
consideration in these experiments were determined. 

The following table exhibits the physical con
stants, determined in the investigation. 

TABLE NO. 2.-PHYSICAL COMPOSITION OF SOIL OF IRRI

GATION PLATS. 

I 

I 
Laboratory Number 19669 19670 19671 

Depth. First foot Second Third 
foot foot 

Medium sand ~ .......... . ... 28.1 29.7 31.6 (0.1 to 0.5 m m . ) 
Fine sand ~ .............. 25.6 26.4 29.6 (0.032- -0.1 m m.) 
C')arse silt } .............. 19.2 16.4 14.6 (0.01 to 0.032 m m .) 
Medium silt ~ .............. 10.2 6.6 6.6 (0.()()32 to 0.01 m m.) 
Fine silt ~ .............. 2.6 5.6 6.5 (u.OOl to 0.0032 m m.) 
Clay ~ .............. 8.4 8.8 8.6 ( Below 0.001 m m.) 
M . t 4.7 4.3 1.8 OlS ure . ................... .. ...... . . [ 
Soluble and lost . .... . . . ............. . 1.2 2.2 0.7 

Average weight of one cubic foot of dry soil 88.9 lbs. 
Average absolute water capacity ........... . .. 28.56 per cent. 

The composite sample was also subjected to chemi
cal analy sis, according to the methods of the Associa
tion of Official Agricultural Chemists. 
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TABLE NO. 3.~CHEMICAL COMPOSITION OF THE SOIL OF 

THE IRRIGATION PLATS. 

(All percents are referred to the water free soil). 

First foot Second 
foot 

Third 
foot 

Laboratory number ........... . ...... 19669 19670 19671 
Insoluble matter. . . .... .. . .. .... . .... . 68.42 65.66 56.49 
Potash K 20 . ... . . . .. . .. . .. ... ... . . . .. 0.65 0.57 0.43 
Soda Na20.. .... .. .............. .. .. .. 0.55 0.53 0.60 
Lime C aO . .. ' " ... . .. . .. '" . ... " . . . . . 6.07 8 .20 14.81 
Magnesia Mg 0........ . .............. 5.13 4.13 3.32 
Alumina Ah03 ....... . .. . . . ... .... . ... 3.13 2.36 2.39 
Iron oxide Fe 203............... . ...... . 2.33 2 .65 1.72 
Phosphoric acid P20s . . . . . . . . . . . . . . . . . 0.20 0.15 0.24 
Sulphuric acid S03. . . . . . . . . . . . .. ... . . 0.10 0.11 0 .08 
Carbon dioxide C02. .... ...... .. .. . . . 10.00 12.74 17.90 
Organ ic rna tter ....................... 1_ ::-::-::-3--,.8,-:-6_1_-:-::-::2--;.9:-=9_1_-=-:::-;;2:-.1:-;:2:---

T otal.. . . . . . . . . . . . . . . . . . . . . 100.44 100.09 100.10 

Humus . . . . .... . ...... .. .... ... ..... . . 3.72 1.18 1.06 
Nitrogen ..... . . .. .... ..... . . .... .. . . . . 0.149 0.100 0.072 
Water at 100 C.. . . ........ . ... . . . ... . 1.85 1. 91 1.69 

3. THE METEOROLOGICAL CONDITIONS. 

The following tables give the data for temperature, 
relative humidity, sunshine, and evaporation at Logan, 
during the irrigation season, June, July, August and 
September, and for rainfall from April 1st, to October 
30th. The instruments were about one-fifth mile re
moved from the irrigation plats, but on the College 
hill, and, therefore, under practically the same condi
tions as those that prevailed at the experimental plats. 
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TABLE NO. 4.-TEMPERATURE, RELATIVE HUMIDITY, AND SUNSHINE 
I 

IN 1901. 
( 

Temperature Relative Humidity. Hours of Sunshine. l; 

1. June July Aug. Sept. June July August Sept. June July August Sept. 

1. 59.0 69.0 79.0 70.5 54 40 62 43 7.0 10.4 8.5 12.1 
2. 59.0 81.5 75.0 66.5 77 34 71 50 1.0 10.5 2.0 6.2 
3. 55.5 69.0 77.5 65.0 69 38 56 68 3.5 10.2 10.0 8.1 
4. 58.0 62.0 77.5 60.0 42 49 48 61 8.2 10.0 9.4 9.5 
5. 47.0 66.0 77.0 63.0 47 44 50 47 10.4 10.2 6.5 9.4 
6. 57.5 75.5 72.0 71'0 56 39 71 28 10.8 9.6 0.0 8.0 
7. 68.0 78.5 76.0 59.5 36 42 58 46 9.4 9.0 9.7 9.7 
8. 60.5 82.5 75.0 63.5 53 31 61 52 10.2 8.0 7.0 4.5 
9. 60.0 76.5 73.0 58.5 50 46 53 51 4.8 9.7 6.0 6.5 

10. 53.5 75.5 74.0 59.0 72 49 52 39 1.3 8.8 10.8 4.3 
11. 54.0 75.5 72.0 59.5 44 38 50 46 10.5 9.9 0.0 4.5 
12. 54.5 79.0 70.5 64.0 67 40 51 58 0.0 7.7 11.4 7.1 
13. 50.0 78.0 74.0 58.5 61 28 40 50 3.0 9.0 3.0 9.0 
14. 53.5 73.5 76.5 55.0 43 34 36 51 10.3 8.9 5.5 9.6 
15. 56.0 73.5 72.5 59.5 38 37 53 45 9.2 9.4 4.2 9.1 
16. 63.5 74.5 74 '0 54.0 41 29 60 48 9.4 9,3 4.5 9.5 
17. 67.0 76.5 73.5 565 44 39 50 43 7.8 9.2 9.5 8.8 
18. 69.5 79.0 71.0 60.5 48 38 60 44 7.4 9.0 0.0 9.2 
19. 70.5 79.0 71.5 62.5 44 39 89 38 7.2 9.2 5.0 6.2 
20. 68.5 '80.5 66.5 65.5 44 41 61 34 9.3 8.4 9.0 3.7 
21. 70.5 82.0 67.0 70.0 43 39 43 30 10.0 6.0 10.5 4.7 
22. 72.5 83.0 74.0 52.0 40 42 70 10.0 4.0 9.7 8.9 
23. 71.0 80.5 73.5 57.0 32 41 51 10.4 4.2 10.5 5.5 
24. 65.0 78.5 74.5 45.0 49 61 52 71 7.0 00 3.0 5.4 
25. 59.0 80.0 74.5 51.0 58 65 46 57 6.0 6.5 10.5 5.5 
26. 56.0 77.0 77.5 56.0 45 54 42 57 11.0 5.7 9.3 5.6 
27. 62.5 75.5 69.0 52.5 38 44 40 57 10.5 6.8 9.0 9.7 
28. 67.5 77.5 62.0 52.5 39 40 48 51 10.8 8.8 9.7 7.0 
29. 67.0 77.5 74.5 58.5 36 38 44 54 10.4 8.3 8.8 6.1 
30. 66.5 82.5 73.5 61.() 40 44 51 54 9.3 9.7 10.0 8.0 
31. 81.5 69.5 41 49 8.0 10.2 
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TABLE NO. 5.-RAINF ALL DURING THE EXPERIMENTAL 

SEASON OF 1901. 

April 3rd, 8th, 13th 26th and 27th Total 
0.48 0'.24 0.35 0.28 1.35 

May 3rd 4th 21st 27th 28th Total 
2.00 0.05 0.08 0.25 2.43 

June 2nd 13th Total 
0.13 0.28 0.51 

July 25th Total 
0.07 0.07 

Aug ust 2nd 3rd 6th 15th 20th Total 
0.15 0.38 0.12 0.02 0.93 1.60 

September 3rd 22nd 23 and 24th Total 
0.06 0.14 0.83 1.03 

October 4th 6th 8th 26th 28th 29th Total 
0.56 0.03 0.03 Trace 1.00 0.2t 1.83 

TABLE NO . 6. - EVAPORATION OF WATER FROM TANKS 

SUNK IN THE GROUND, 1901. 

( In inches; rainfall added to each month.) 

TANK A . 

( Covered at night; open during the day. ) 

Month Total Evaporation Temp. F. Remarks. 

July 
Aug . 
Sept. 
Oct. 
Nov. 

Month 

March 
April 
May 
June 
July 
Aug. 
S ept. 
Oct. 
Nov. 

6.968 
6.883 
5.266876 
3.59708 
1.58336 

79 J4 
77 
66 
57 
45 

TAN K B 

Placed cover on tank on the 
11th . 

Discontinued cover on tank 
Oct . 1st. 

(Open night and day. ) 

Total Evaporation 

4.69972 
4.54328 
5.72972 
5.24876 
5.32360 
7.98640 
5.40786 
3.55776 
1.37792 

Temp. F . 

78 
'73 
60 
51 
44 

Remarks 

No temperature recorded 
" " " 

No record of 1st two weeks 
as we were moving tank. 
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4. THE COMPOSITION OF THE IRRIGATiON WATER. 

The water used for irrigation came from the Logan 
river. Earlier investigations 7(- had shown the com
pos.ition of the water from this stream; but to possess 
full know ledge of all the factors en tering in to the ' 
work, samples were taken weekly from the water pass
ing over the main weir. Part of these samples were 
accidentally lost. The analyti.cal results obtained from 
th~ remaining samples are given in tables 7 and 8. 

TABLE NO. 7.-TOTAL SOLIDS IN IRRIGATION WATER, 1901, 

Parts per Million. 

Non·volatile Volatile 
Total residue residue residue 

June 6th. . . . . . . . . .. . . . . . . .. . . . . .. 187 
June 13th.. .. .. .... . ............ 175 
June 20th ........ ·.. .. ..... . ..... 211 
June 27th.... . ... . ... . .. . . . . ..... 189 
July5th ........ .......... . ...... 191 
JUly 18th.. . ..... .. .. .......... .. . 225 
July 25th............ . ............ 172 
Aug. 1st . .. ; ..... . ....... . ...... 252 
Aug. 8th. . . . . . . . . . . . . . . . . . . . . . . .. 205 
Aug. 15th.. ............ . ...... . . 227 
Aug. 22nd...... .. ............... 258 
Aug. 29th............. ...... . .. . 264 

Average . . . . . . . . . . . . . . . . . . . . . . . .. 213 

138 
115 
148 
148 
167 
146 
104 
164 
155 
141 
156 
161 

145 

49 
60 
63 
41 
24 
80 
68 
88 
50 
86 

102 
103 

68 

TABLE NO. 8.--COMPOSITION OF IRRIGATION WATER, 1901. 

Parts per Million. 

June 13th. August 8th. 

Total residue ............ . ............ . ...... . 
Non-volatile. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . 
Loss on Ignition . ............................. . 

Silica ( 8i02 ) . . . . . . . . . . . . . . . .. . ............... . 
Iron oxide and alumni ...... . ................ . 
Lime (Ca 0) ............................. . .... . 
Magnesia (MgO) .... . ...... . .... . ........ . ... . 
Phosphoric acid (P2 03) . ...... . ............... . 
Sulphuric acid (803), ......................... . 
Potash (K20) .... .... . ....................... . 
Soda (Na20) ....... .... .......... . ......... ... . 
Ammonia ................ .. ............ . ...... . 
Nitric acid ( N20s) .............. ...... . ....... . 
Nitrous acid (N203) .......................... . 
Chlorine ... ...... . ..................... . ...... . 
Undetermined. . . . . . . . .. . .................... . 
Carbon dioxide (C02) . ..................... . 

(fully bound) 

175 
115 
60 

5 
None 

32 
23 

4 
7 

1.3 
3 

None 
None 
None 
Trace 

99 
108 

.* Utah Station, 8th Annual Report, pp. 30 and 31. 

205 
155 
50 

4 
None 

29 
27 

Trace 
11 
2.1 
5 

None 
Trace 
None 
17 

109.91 
54. 
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These tables show that the composition of the irei
gation water was quite constant during the irrigating 
season. Nitrogen was absent; phosphoric acid and 
potash were present only in slnall quantities. The fer
tilizing' value of the water was therefore, very slnall. 
The water from Logan river Inay be taken to represent 
the waters in the majority of the mountain streams of 
Utah. They are of exceptional purity; and desirable 
for man or beast or plant. 

U sing th~ data of tables seven and eight, a simple 
calculation will show the amounts of fertilizing ingred
ients added to the soil in a year's irrigation. In table 
9, water is assumed to weigh 62.5 pounds per cubic 
foot; and averages of the two complete analyses have 
been used. Fifteen inches represent a moJerate irri
gation for one year; and 30 inches a liberal one. 

TABLE NO. 9.~FERTILIZING INGRED'I ENTS THAT MAY BE 

ADDED TO SOIL BY IRRIGATION. 

(Pounds per Acre.) 

By 15 inches By 30 inches 
of water of water 

Total solid matter ...... . . .. ............... . 
Lin1e (Ca 0) .. ................. . ........... . 
Magnesia (Mg 0) ... ........... .. . . ... ..... . 
Phosphoric acid ( P 2 0 S )' •••.••••.•••••.•••••• 
Potash (K20) .............................. . 
Nitrogen . ................................. . 

724 
104 
85 

7 
6 

Traces 

1448 
208 
170 

14 
12 

Traces 

Though the total solid matter left in the soil is 
quite high, the really valuable substances, nitrogen, 
potash and phosphoric acid, are insignificant in amount. 
When land has good drainage, some of the irrigation 
water may drain away, and will then probably carry 
off more fertilizing ingredients than have been added 
by the original volume of water. 

5. THE METHOD OF MEASURING THE WATER. 

(See illustrations in front of this bulletin. ) 

All the water used on the plats was measured by 
means of a very carefully constructed cippoletti weir, 
so located ttat the distribution to the whole 
area was made from this one source. 

The crest of the weir is 1.50 feet long, and is 
covered with heavy sheet iron cut to a sharp edge, so 
that the construction is perfect all around. 
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The a pproach to the weir is fi ve f et 
wide, 1. 20 feet deep below the crest of the 
weir, built of dressed tongue and grooved 
material, to a point twelve feet from the crest~ where 
it narrows clown to a width of 1.66 feet and extends for 
a distance of 60 feet. Very careful . measurements of 
the surface velocity of approach show it to be less than 
0.10 feet per second. 

An effort was made to have the weir so constructed 
as to make the very best conditions · for accurate 
measurements . . The weir opening is perpendicular to 
the course of the water in the channel of approach, and 
the edge of the weir from the sides of the channel is 
more than four times the greatest depth of water on 
the crest. The bottom of the channel is a safe dis
tance below the weir crest. 

To avoid settlement or disarrangelnent of the weir 
after it was set in place, the foundation was given con
siderable attention. Four longitudinal rows of sills 
were firmly ilnbedded in the bottom of the channel and 
brought to a level both laterally and longitudinally. 
On this the weir was placed and firmly fastened. Prop
er submerged wings and aprons were built at the ap
proach to th weir, and every precaution take.n against 
movement in any direction. The metal crest was then 
put in place and brought to a perfect level. In each 
and every particular, it is thought that the weir was so 
constructed and placed in ' position with such care as to 
secure results within a very low lim.it of e.rror. 

A register of the Leitz pattern was placed 
in such a way as to record continuously 
the depth of water on the crest. The instrument 
used was the regular eight day machine, but the 
mE chanism was so changed that the pencil passed over 
the eight inch space in twelve hours. or one fourth of 
an inch in each fifteen minutes, and the sheets for the 
record were ruled accordingly. By this means a re
cord on a large scale was obtained and thus very slight 
variations of depth were detected. 

THE DISTRIBUTION SYSTEM. 

The water was distributed entirely in small wooden 
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flumes . One main flume passes across the 
whole system of plats, and lateral branches supply the 
different belts on either side of the main line. The 
main flume is rectangular in section, 15 inches wide, 
and ten inches deep; great care was observed in its 
construction so that the leakage was reduced to such a 
small amount that it can be readily disregarded in re
sults. The entire line wa~ thoroughly painted with 
mineral paint and the inside was entirely covered about 
one-sixteenth of· an inch thick with Goal tar that had 
been boiled one hour and a quarter. All joints )f sec
tions were covered with sheets of tin and by the use of 
other precautions and continuous attention the Inain 
line of the distribution was very successfully operated. 

Gates made of galvanized sheet iron were used to 
control the subdivision from the main line. These 
however were not satisfactory, from the fact that the 
surfaces were not fitted with sufficient accuracy to pre
vent leakage. It is our opinion that wooden gates 
would,have been more serviceable. . 

The branch flumes were of , right triangular sec
tion with one foot sides. They were of very simple 
construction and the results from their use were quite 
satisfactory. They were set a short distance above 
the ground, and the water distributed to the different 
.portions of the plats through 2 inch holes at intervals 
of three feet along the line of the flume. These open
ings were controlled by small tin gates sliding into a 
tin frame over the opening. As in the case of the main 
line gates these gates also were a source of difficulty, 
and required a great deal of attention. The branch 
flumes were also painted and the boiled tar brought· in
to requisition with great success t) stop all leakage in 
the joints of the structures. 

6. THE OPERA'frON OF THE DISTRIBUTION SYSTEM. 

In the operation of the system, one plat was irri
gated at a time, and the duration very carefully figured 
so as to cover the plat to a depth as nearly as possible 
to .that designated by the Division of Agronomy. To 
facilitate the operation, each plat was surrounded. by a 
dyke of sufficient height to retain all the water on the 
plat. The space between the plats was found too nar
row to obtain the best results in this particular-it 
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should have been six feet instead of two and one-half, 
and in many cases the dyke encroached on the plat 
area in order to get sufficient thickness to afford the 
stability necessary to prevent losses by percolation 
through the dyke, but with few exceptions the entire 
volume of water-was kept on the plat. 

. In the measurem.ent, the recorder was not entirely 
depended upon for results, but direct observations of 
the depth on the weir 'were made and an. overflow pro
vided above the weir in order to regulate the depth of 
water on the weir and maintain such depth as nearly 
constant as possible during the irrigation. 

The depth designated for a single irrigation 
varied all the way from 2i inches to ten inches, and to 
attain the exact depth, especially near the two ex
tremes, required careful manipulation. When a great 
depth was required, it was necessary to use a small 
stream, allowing it more time to percolate as it spread 
over the plat. :y'\Tith very small depths, however, the 
greatest difficulties were encountered; it being neces
sary to use a large stream. to crowd the water over 
quickly, giving every att ntion necessary to removing 
slight obstructions and otherwise facilitating the dis
tribution of the wat I' over the plat. 

In some cases it was not possible to cover the en
til' plat with th de ignated volume ; and, in such 
cases, the irrigation was continued until the plat was 
covered . In such cases it might ha v been possi bl to 
attain the d sired results by the aid of sub-branches 
ext .nding from the main branches to near the middle 
of the plat~ or by some such means, in effect reducing 
th flood d sections. 

In furrow ilTigation great difficulty was found in 
attempting to apply the maximum d pths designated, 
and even with the great st precautions as many as 
eight to ten repetitions w re frequently necessary. 

8. RES LTo IN THE METHOD OF APPLYING WATER. 

Our experience of the year has ~aught us that inch 
material is entirel} too light for the flumes in an ex
periment. The entire system would have been more 
effective if built of two inch materials. 

Again we are. convinced t.hat our method of making 
the bottom of th flume xtend out under the sides 
and using bolts with whjch to draw the joint together 
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is not only expensive but ineffectual. The sides should 
extend to the sill and the bottom be placed between 
them, so that nails can be used to draw the bottom and 
sides together. Furthermore, the sediment will sooner 
stop the vertical than the horizontal joint, and where 
tar is used as in this case, it is more effective and 
easi I' deposited in the vertical than in the horizontal 
joint. 

As mentioned before, our gates were not effectual. 
It is probable that corks could be used in the the small 
openings of the laterals, but in the main diversion 
gates, we must either use expensive metal gates or 
carefully fitted wooden gates. It is our opinion that 
the wooden ones will be t.he more effective. 

The use of coal tar to prevent leakage proved emi
nently satisfactory. We experimented on the question 
of its application, whether it should be heated or put 
on in its commercial state, al 0 as to the degree of 
heat. Our results indicate quite positively : 

1st. That in its crude state, it will not prevent 
leakage, nor will it operate to preserve the wood for 
any I ngth of time. It evaporates very rapidly . 

2nd. Our experiments with boiling covered per
iods of from one-half hour to two hours; but the bestre
suIts weI' frOlTI boiling about one hour and a quarter. 

Th heat was kept just great enough to maintain the 
boiling. In such a state the tar was poured in the 
flume and spread with brooms. It covered th joints 
fully one-sixt nth inch thick, and was always solid, 
though not brittle and was not affected by th sun or 
wat r . If boiled for a longer period than I t hour it 
be alTIe brittle; if les , both water and sun aff -'cted it. 

In boiling, care must bt; taken not to inhale the 
fUlll too fr ely, as they congea l in the respiratory 
channels and have a rather unpleasant effect. Too 
great heat will burn the tar and r uin it for the purpose. 
rJ1he entire co t of the tar used on the flumes during 
the year was '7.00. 
. Where larQ'e openings occurred, OakUlTI was used 
In connection with the tar, and, of course, proved ef
fectual. 

. AI~ th flumes were painted with mineral paint 
mlxed In the proportion of six pounds of mineral red to 
one gallon of raw linseed oil. Though much of the 
lumber was not entirely seasoned, this mixture of paint 
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was very effective in 'preventing checks and warping. 
Its durability will be a matter for future consideration. 

The weir used was larger than necessary. With 
plats of the size used, and the conditions prevailing, a 
foot weir would be amply l~rge . 

9. THE TEMPERATURE OF THE IRRIGATION WATER. 

At every irrigation the temperature of the water 
was taken, at the head of the main weir of the irriga
tion system. The results obtained.represent the tem
perature of the water in the farmer's ditches, in and 
about Logan, during the season of 1901. The follow
ing table, which contains the average temperature of 
the water for each day during the irrigation season, 
shows considerable fluctuations in temperature from 
day to day, though it rises gradually from May until 
the end of August when it again falls. 

All calculations in the following pages have been 
made with the weight of wa.ter at 39.2 deg. F . 

TABLE :NO.10.-TEMPERATURE OF IRRIGATION WATER: 1901. 

Degrees I Degrees Degrees Degrees 
Date ~Fahrenheit Date Fahrenheit Fahren- Date Fahrenheit 

Date heit 

Mav June July Aug. 
zj 55 19 57 11 61 8 64 
24- 55 21 61 12 58 12 69 
26 53 22 60 13 61 14 59 
27 50 24 56 15 58 15 62 
28 52 25 56 16 57 16 58 
29 56 26 54 18 59 17 61 

June 27 55 19 61 20 62 
3 52 28 59 20 59 21 63 
4 52 I 29 58 22 61 23 61 

, 7. 55 Jilly 23 60 29 58 
f 8 55 1 59 25 64 Sept. 
10 48 ' 2 61 26 62 8 56 
11 , m~ 55 3 55 27 68 9 55 
12 47 5 61 29 62 10 54 
13 47 6 59 30 69 11 53 
14 51 8 63 31 58 12 51 
15 j 51 9. 60 Aug. May Average 54 

10 59 7 67 June ., 54 
July " 60 
Aug " 62 
Sept. " 54 -- , 
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B. IRRIGATION VS. SOIL MO~STURE. 

10. THE METHOD. 

85 

It was attempted, in these experiments, to follow 
in considerable detail the movements of the water ap
plied to the soil. The method of investigation adopted 
and followed was as follows: Several Ii and I! inch 
wood augers had their shafts lengthened to 3, 5 or 
more feet. With these augers, borings were made in 
the soil, and samples obtained to any desired depth. 
The sample drawn from the ground was quickly placed 
in a Mason fruit jar of proper size, which was sealed, 
labelled and sent to the laboratory. Here, the sample 
was well mixed, in the bottle, and exactly 50 grams 
weighed out on a 3i ~nch watch glass, and dried for 
about six hours at a temperature varying from 110 deg. 
C to 120 deg. C. The loss in weight, doubled, was the 
per cent of water in the wet scil. Numerous trials con
vinced the workers that this method of sampling and 
analysis gave results that were as trustworthy as those 
obtained by more complicated and time-consuming 
methods. Considering the possible errors in other 
parts of the eXPfriments, this method of finding the 
amount of water in the the soil was thought to be suf
ficiently accurate. The per cents in the following 
tables are ordinarily accurate to w~thin 0.05 of one 
per cent. 

The slope of the plats, and the fact that the water 
was applied at one end, made it practically impossible 
for the saIne depth of w d.ter to be applied to every part 
.of the plats. The end nearest the flume, in the major
ity of plats, was wetter. after an irrigation than the end 
farthest removed from the flume. In a few cases, 
where the slope was great, the water would rush down 
the plat and form a small pond against the lower dyke. 
These conditions made the problem of obtaining a sam
ple of soil with a per cent of water corresponding to ' 
the total amount applied; very difficult of solution. It 
was finally decided to take all samples near the cen-
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tel'S of the ,plats, so that those from the same plat 
would be comparable with each other. In many cases 
the samples taken near the center of a plat contained a 
per cent of water nearly the s'alne as the average for 
the whole plat, based on a great number of samples; 
in many other cases, there was considerable difference 
between the average per cent of water in the plat and 
that in the center of the. plat. 

Nearly 6000 soil moisture determinations were 
made during 1901, in connection with the irrigation ex
periments. To print tables giving all these results 
would be very expensive, and would interest only spec
ialists in the subject. Only summarized tables are 
therefore used in the following discussions. 

Except when otherwise stated, all moisture per 
cents are referred to dry soil; that is, 10 % of water 
means that 10 pounds of water occurred with 100 
pounds of the water-free soil. The -reason for reduc
ing all analyses to water-free substance, is that the re
lation of per cents then represents the relation of the 
actual weights of water in the soil. Thus, a cubic 
foot of soil, with 10 % of water, contains twice as much 
water by weight as a cubic foot of the same soil, with 
5 % water. This would not be true if the percents 
were based on the wet soil as found in the field. 

All borings were made in twelve , six or three inch 
sections, down to the gravel bottom. Samples were 
always tUJken just before and after each irrigation and 
at harvesting; and on many plats, at stated intervals 
between the irrigations. 

11. SOIL MOISTURE IN E ARLY SP R ING, AND AT H A R

VESTING •. 

The whole field, devoted to irrigation experiments, 
was salnpled on March 20th, April 16th and 24th, to 
learn the moisture conditions of the soil in early spring; 
The average results are shown in the following table. 
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TABLE NO. 11-MOISTURE IN IRRIGATION PLATS IN EARLY 

SPRING, 1901. 

Per cent of Water. 

Date 1st foot 2nd foot 3rd fpot 

March 20th. . . . . . . .. . . . . . . . 17.99 
April 16th. . . . . . . . . . . . . . . .. 20.24 
April 24tn .......... , . . .. , . 17.38 

19.20 
19.09 
17.04 

17.51 
19.69 
17.68 

4th foot 

15.96 

All the plats, with the exception of those on which 
sugar 'beets grew, were sampled on the day of harvest
ing. The moisture conditions for some of the crops 
are shown herewith. 

TABLE NO. 12.-AVERAGE PER CENT OF WATER IN SOIL 

AT TIME OF HARVZSTING. 

Crop Fall Wheat Spring 
Wheat 

Per cent of -~--
Water. 4.35 5.51 

Corn Potatoes Oats 

10.11 10.13 7.44 

The amount of water 'n a S0iL at the time of har
vesting, is largely dependent upon the time that has 
Blapsed since the last irrigation; yet since most crops 
are allowed to remain in the soil for several days or 
weeks after the last irrigation, the above table shows 
in a general way the power of different plants at their 
period of ripeness to drain the soil of the water it con
tains. 

12. THE MOISTURE IN SOIL AT FIRST IRRIGATION. 

The first irrigation was applied at the time when 
the Agronomist thought the crops needed water. It 
represents. therefore, the practice of the ' practical irri
g'ators of this locality. The day before the irrigation, 
soil samples were taken from every plat, and in table 
No. 13. the average results of the moisture determin
ations are found. ' 
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TABL ~ NO. 13-MOISTURE CONTENT OF SOILS JUST BE

FORE FIRST JRRIGATION. 

Number of Per cent of 
Crop observations Date water 

Spring Wheat : ..................... .. 14 June 3-8 7.67 
Oats ............................... . . 8 June 12 7.32 
Corn .. . ..... . ............... . ....... . 8 June 20 10.09 

July 1st 
Fall Wheat ... . . . ................... . 10 June 3 9.96 
Potatoes ... " ............... . ... . " . . 9 June 26 1l.73 
Sugar Beets. . . . . . . . . . . . . . . . . . .. . ... . 12 June 13- 15 14.99 
Mixed Clovers and Grasses .......... . 
Lucern ........... . . ............... . 

10 ~J.ay 26-29 9.28 
'1 May 23 12.02 

Jun:! 23 
Timothy ..................... . ...... . 5 May 23-28 10.29 

----. - -

Spring wheat soil contained 7.76 per cent of ·water 
at the time of irrigation; and oat soil, which was irri
gated about a week later contained 7.32 per cent. Fall 
wheat soil contained, at the time of the first irrigation 
of spring wheat, 9.66 per cent. 

The corn plats, were irrigated from three to four 
weeks after the wheat plats; yet they contained 2.33 
percent more water. This is due partly to the less 
rapid rate of transpiration of the corn, but chiefly to 
the earlier stage of growth of the corn plants. This 
observation illustrates also the fact that the direct 
evaporation of water from the soil is very small com
pared with the amount lost by transpiration through 
plants. . 

The potato plats were irrigated somewhat earlier 
than the corn plats, and the sugar beet plats, about a 
week later than the wheat plats. The soil from the 
potato. and sugar beet plats, respectively, contained 
11.73 and 14.99 per cent of water. The reason for 
these high per cents is the same as that !riven under " 
the discussion of the corn plats, though it must be re
membered that a slight shower occurred on June 13th. 
These per cents also emphasize the staternents made 
regarding the relative "importance of direct evaporation 
from the soil, and of transpiration, as . causes of the 
loss of soil moisture. Later in the season, when the 
plants were large and growing vigorously, there seemed 
to be little difference in the different crops respecting 
their power to drain soils of water. It may be that 
plants when young, and with their root systems only 
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partly developed, cannot reduce the water content of 
soils as much as they can later when. they are more 
fully developed~ 

The per cent of moisture in the :soil at the first 
irrigation was invariably much higher than the per cent 
found in the soil just before later irrigations. Whether, 
in common practice, the first irrigation is applied ear
lier than is necessary, or that the young crops cannot 
endure so dry a soil as older plants, is a question that 
cannot well be settled with the data at our command. 

It is interesting to note that the plats on which 
perennial plants were growing-clovers and grasses , 
mixed, lucern and timothy- contained higher per cents 
of~watel' than did wheat, oats and corn, and practically 
as much as was found in the potato and sugar beet 
plats. This would indicate a low rate of transpiration 
in early spring and summer, for perennial plants. 

The conditions of s()il moisture, represented in 
table No. 13, are those that prevailed when irrigation 
began, and with which the discussions of the following 
pages begin. 

I 

13. DOWNWARD MOVEMENT OF WATER. 

In the great majority of irrigations, water was 
applied to the plats at the rate of about 12 inches per 
hour. As would naturally be expected from the con
ditions of shallow soil and loose gravelly subsoil, the 
excess of water drained through the soil very qui~kly. 
In several cases a plat was irrigated three times in one 
day, each irrigation piling the water against the dikes 
three to four inches high, and in the evening all the 
water had soaked into the soil. The dry soil took up 
water much more readily than the soil which was partly 
saturated with water~ 

The day after irrigation the soil was invariably dry 
enough to allow a man to go out upon it, and take the 
necessary soil samples. The results obtained from this 
sampling showed that in its downward movement, 
water obeys the generally accepted laws. 

Water, when brought upon a soil, first wets the 
upper layer of soil particles, i. e. envelops them with a 
wat~r film; then the interstitial spaces are filled; under 
the Influence of gravity, the water moves downward, 
first wetting new soil particles as they are reached, 
and then filling the spaces between them. A soil sec-
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tion just after irrigation, would show the upper layer 
completely filled with water, while a lower part would 
be simply wetted. 

After irrigation has ceased, the water filling the 
interstitial space in the upper part of the soil, in obedi
ence to th~ the pull of gravity, moves downward, wet
ting new soil particles in its descent. In time, if the 
soil is deep enough, this will result in all the water 
added by an irrigation, clinging around the soil parti
cles, and none filling the spaces between, i. e. all the 
water will be in the capillary condition, and not sub
ject directly to the law of gravity. In time. were no 
other forces at work, save gravity and the mutual 
attraction between soil and water, this capillary water 
would distribute itself quite un.iformly through the 
whole depth of the soil. With growing plants on the 
soil, subjected to sunshine and wind, such a state of 
equilibrium is not possible. The soil samples were, 
therefore, taken the day after irrigation, before the 
water had had time to distribute itself as uniformly as 
was possible. 

Should a very heavy irrigation be applied on a 
shallow soil, all the soil pores from . top to bottom 
might be filled with water. In that case water would 
drain into the gravelly subsoil leaving the capillary 
water quite uniformly distributed in the soil. This 
condition is shown by the average results obtained 
from two plats, 18 inches deep, on which ten inches of 
water were applied, though the capacity of the soil 
was only 7.3 inches. It will be observed that, although 
the second foot is not so wet as the first foot, yet it is 
wetter than the upper three inches (see table 16) of 
plats on which moderate amounts of water had been 
a-pplied. 

TABLE NO. 14. 

A verage depth Water applied Capacity of Per cent of water in 

of plats plat. 
1st foot 

I 
2nd foot 

18 inches. 10 inches. 7.3 inches. 26.00 inchesl23.18 inches. 

The maximum capacity for qapillary water, some
times called the absolute water capacity, was found to 
be 28.56 % for the soil on which the experiments here 
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r ecorded were made. The highest per cent of water 
found in the first three inches the day after irrigation" 
was 29.28 while the average per cent was 22.45. It, 
seems to be trq.e, . therefore , that the amount of water
in the upper three inches of soil, one day after irriga
tion, is only about 80 % of the absolute water capacity., 
Considering the whole depth of soil, only from 60 % to 
75 % of the absolute water capacity is utilized on the 
day after irrigation. ' 

TABLE NO. 15.-DISTRIBUTION OF WATER IN SOIL. 

( J ust after irrigation , in percents of dry soil. ) 

Whole num- Average No. of 
ber of depth of single 1st. 2nd. 3rd. 4th 5th. 
plats. plats. tests. foot. foot. foot. foot. foot . 

24 22 in. 93 21.65 19.63 
22 34 " 76 20.59 19.10 17.23 

5 44 " 20 19.59 17.79 17.72 17.56 
2 56 " 7 19.16 18.55 18.07 19.42 16.87 

The above table, which is based on numerous ~in
gle tests, shows that in soil two feet or less in depth, 
the second foot contains two per cenCi of water less than 
does the first foot. In soil three feet deep there is a 
similar though more gradual diminution, from 20.59 % 
in the first foot to 17.23 % in the third. The same law 
seems to hold with the plats four feet deep, though 
the per cents of water in the second, third and fourth 
feet, are nearly of the same magnitude. The last line 
in the tables shows the behavior of water in plats five 
feet deep; but, s ince 'the results are based on work 
with two plats, and seven single trials, only, little 
weight can be given them. 

It is worthy of note that the per cents of water in 
the first and second feet become smaller as the soil be
comes deeper. Consequently, the deeper the soil, the 
smaller would be the possible relative wetting. As a 
confimation of theory, the data are interesting. 

TABLE NO. 16.-DIST RIBUTION OF WAT ER IN THE TOP 

FOOT OF SOIL. 

( J ust a ft er irriga tion.) 

No. of Average depth No. of sin - P ercent of water in 
Plat s of plats gle tests 0-3 i n. 3-6 in . 6-9 in . 9-12 in 

20 29 62 22.45 21.56 20.41 18.77 
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This table teaches that there is a gradual diminu
tion of water in the top foot of soil, from the surface to 
the lower limit. Studying this table in connection with 

. the one which precedes, it appears justifiable to co'n
clude that the per cent of water in soils three or four 
feet deep, just after irrigation, becomes smaller as the 
depth increases. 'rhe rate of change is more rapid in 
the first foot, however, than in the succeeding feet. 

To what depth the soil moisture will be affected by 
the application of water to the top soil is an interest
ing question that arises in connection with the study of 
the distribution of water in soils. The smallest amount 
of water that could be made to cover 2x4 rods, was a 
trifle less than two inches; this quantity, in every case, 
increased the per cent of water in every foot of soil 
down to the grave] bottom, even with the deepest plats 
which were about five feet in depth. To study the 
effect of smaller applications, it was necessary to de
pend on the few showers that occurred during the sea
son. No special attempts were made to study this 
question exhaustively; the following table represents, 
therefore,.only such plat.s as happened to be sampled 
just before and after a shower. As indicated in 
table 18, 0.14 inches of rain fell on Septem
ber 22nd; 0.97 inches on September 24th, and 0.93 
inches on August 20th. 
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TABLE NO. 17.-EFFECT OF SMALL APPLICATIONS OF WATER ON 

SOIL MOISTURE. 

Per cent of water in Soil 
--~ Increase Rainfall 

inches. 
Plat 
No. Depth Date 0- 3 3- 6 6- 9 9- 12 12- 24 

255A 25 Sept. 19 
Sept. 23 

3.36 
4.76 

4.76 5.48 6.04 6.44 
5.59 6.15 6 .61 683 

256 A 

257A 

259A 

Increase 1.40 0.83 0.67 0.57 0.39 

17 Sept. 19 3.09 4.60 
Sept. 23 5.54 6.95 
Increas e 245 2.35 

23 S ept. 19 3.73 5.70 
Sept. 23 6.32 7.23 
Increase 2.59 1.53 

26 Sept. 19 2.72 4.27 
Sept. 23 4.05 5.76 
Increase 1.33 1.49 

5.03 5.14 4.76 
6.66 6.38 6.38 
1.63 1.24 1.62 

5.76 5.82 6.04 
7.93 9.17 7.64 
2.17 3.35 1.60 

4.81 5.26 5.76 
5.93 6.21 6 .72 
1.12 0.95 0.96 

255A 25 Aug . 15 4.49 5.59 5.70 5.82 6.15 
" 20 15.34 13.51 11.33 8.64 8.64 

Increase 10.85 7.92 5.53 2.82 2.49 

of water lbs. 
lbs per per 

24- 36 sq. ft. sq. ft. in. 

1.15 0.73 0.14 

2.31 0.73 0.14 

2.25 0.73 0.14 

2.08 0.73 0.14 

8.43 4.84 0.93 

----------------------------
256A 17 Aug. 15 4.32 6.44 6.55 6.38 6.38 . 

258A 

" 20 )7.86 14.03 11.99 10.19 10.19 
Inc.rease 13.54 7.59 5.44 3.81 3.81 

29 Aug. 15 5.48 5.37 7.28 8.70 7.93 7.93 
" 20 15.94 13.90 12.62 11.48 9 .00 7.93 

Increase 10.46 8.53 5.34 2.78 1.07 0.00 

8.17 4.84 0.93 

7.45 4.84 0.93 

259A 
--------------------------------~-------

26 Aug. 15 7.93 12.05 8.70 7.28 7.76 7.76 
" 20 17.37 14.54 11.80 9.95 8.52 8.52 

Increase 9.44 2.49 3.10 2.67 0.76 0.76 

255A 25 Sept. 19 3.36 4.76 5.48 6.04 6.44 
" 26 12.36 12.49 11.99 11.05 10.68 

Increase 9.00 7.73 6.51 5 .01 4.24 

256 

257A 

17 Sept. 19 3.09 
" 26 13.00 

Increase 9.91 

23 Sept. 19 3.73 
" 26 13.83 

Increase 10.10 

4.60 
11.80 
7.20 

5.70 
13.00 
7.30 

5.03 
10.44 
5.41 

f 

5.76 
11.11 
5.35 

5.14 
8.70 
3.56 

5.82 
8.70 
2.88 

4.76 
6.77 
2.01 

6.04 
8.82 
~.78 

258A 29 Sept. 19 3.31 4.21 4.71 5.14 4.54 4.54 
" 26 13.00 11.99 10.62 9.65 770 7.70 

Increase 9.69 7.78 5.91 4.51 3.16 3.16 

4.73 

10.36 

6.56 

7.97 

6.16 

259A 26 Seot. 19 2.72 4.27 4.81 5.26 5.76 5.76 
:;:=-:~:-:::' ~26_-_:_13_=_._::_77_=__-13~ . ...:".51_:__=11::,:..=11=----.:8=--.1=1=----.:7....:.... 4..:,.:1=:-~7.:...:.41 8.26 
Increase 11.05 9.24 6.30 2.85 1.65 1.65 . 

4.84 0.93 

5.05 0.97 

5.05 0.97 

5.05 0.97 

5.05 0.97 

5.05 0.97' 
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A study of this table will reveal that 0.14 inches of 
rain increased slightly the per cent of moisture down to 
a depth of 26 inches-the depth of the deepest plat. 
The increase, as would be expected froln the preceding 
discussion, became less as the depth increased. After 
the shower on August 20th, there was a very marked 
increase throughout the whole depth of the plats, 
amounting in one case to 3.81 % in the second foot. 
The combined showers on September 22ncl and 24th ' 
affected the soil moisture in the same manner. Just 
how small a precipitation is necessary to affect the 
moisture of the first foot only is not ev.ident from these 
observations except that it must be less than 0.14 inches. 

The continuous film of water that surrounds every 
soil grain is constantly seeking a condition of equilib
rium, and it is very sensitive to all causes that tend to 
destroy the balance of capillary forces. The slightest 
moistening of the top, or any other part of the soil, 
will lead to immediate thickening or thinnings of the 
water fihn that will continue until it is in the nearest 
possible condition of equilibrium. Because 0.14 inches 
of rainfall leads to an increase of moisture in the 
second or third foot of soil, it does not follow that the 
rain has soaked down to that depth, but, rather, that 
the whole mass of soil moisture has moved down a 
trifle to compensate for the extra amount received by 
the top. 

TABLE NO. 18.-INCREASE IN SOIL MOISTURE ' DUE TO 

RAINFALL. 

Date of 
rainfall 

Sept. 22nd. 
Aug. 20th. 
Sept. 24th. 

Depth of 
rainfall 

0.14 in. 
0.93 in. 
0.97 in. 

Pounds of water 
per sq. ft. from 
rainfall. 

0.73 
4.84 
5.05 

Increase of water. 
Pounds per sq. ft. 
by analysis. 

1.95 
7.19 
9.83 

It must not be overlooked, in ~he study of table 
No. 18, that the increase in the amount of water, as 
determined by analysis, is higher than that indicated 
by the rain guage. Averaging all the results, twice as 
much water has been added to the soil according to 
analysis as would be possible if the record of the rain 
guage be accepted as being correct. There are several 
possible sources of error on the analytical side, such 
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as imperfect sampling and soil variation, but since 
twelve out of thirteen observations based upon analyti
cal data show a very good agreement, it seems hardly 
possible that the difference can be accounted for with
out taking into account also the possibility of error in 
the rain guage. The rain guage used by the Station is 
situated about one-fifth of a mile west of the irrigation 
plats; it is of the ordinary pattern furnished voluntary 
observers by the U. S. Weather Bureau. Much has 
been written about the trustworthiness of the standard 

. rain guage; the data here presented cannot dispose of 
the matter, but the question may certainly be asked, 
"Is the ordinary rain guage a satisfactory guide in 
studying atmospheric precipitation?" 

14. LATERAL MOVEMENTS. 

As shown in the preceding sections, water, applied 
to soil, is pulled downward by gravity, but at the mo
ment it enters the soil, capillarity is awakened which 
pulls the water in all directions from the wetted center. 
The actual motion of the water, not considering the 
special behavior of that portion which fills the soil 
pores, and is therefore under the immediate influence 
of gravity, is a resultant of the vertically downward, 
and the more or less horizontal pulls. , This results in a 
lateral movement of soil water, which is of special im-
portance in furrow irrigation. \ 

That the lateral capillary movement of soil water 
cannot be very great was evident from the fact that 
the edges of unirrigated plats of wheat, only three or 
four feet removed from plats which received abundant 
irrigations, did not seem to be at all benefited by 
water that might have moved laterally from the irri
gated soil. This observation which had frequently 
?e~n made in past seasons warranted the clos'e prox
ImIty of the plats of the experiments recorded in this 
bulletin. 

No special experiments were made on the lateral 
movements of water, but data obtained from the plats 
use? for furrow irrigation, threw some light on the 
subJect. These results are shown in table 19. 
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~ABLE NO. 19.-THE LATERAL MOVEMENT OF SOIL WATER. 

Average Single Per cent of water in 
No. of depth of observa- First foot I Second foot plats ~oi1 tions 

Furrow I Row Furrow I (inches) Row 

6 23 12 19.29 14.24 17.45 13.88 

Difference 5.05 II 3.57 

The average distance between rows was about 36 
inches-making the distance between the middle of 
row and furrow. about 18 inches. During irrigation the 
furrows were well filled with water so that the distance 
between the edge of the water and the middle of row 
was never very much more than 12 inches. Table No. 
19 shows that the first foot of the furrow contained 
19.29 % water, 'while the row contained only 14.24 %, 
which is equivalent to a decrease of 5.05 % in a distance 
less than 18 inches. If the same rate of d ;crease con
tinued, and assuming that capillary action ceases at 
-4 % (see section 25,) the lateral spreading of the water 
·of the first foot would not extend beyond 4t feet, and 
probably not beyond 3 feet. When it is considered 
that the water is $oaking laterally from two furrows 
·36 inches apart, the per cent of moisture at the point 
midway is in all probability higher than it would be if 
only one furrow contained water; and, likewise, the 
-calculation made above probably gives too high a fig
ure. 

In the second foot, the furrow contained 17.45 % 
water, and the row 13.88 %, a difference of 3.57 % in 
favor of the furrow. Using the method of calculation 
followed in the preceding paragraph the lateral spread
ing of the water of the second foot would be less than 
·6 feet. The lateral movement of the water increases, 
therefore, with the depth of the soil. This is in full 
.accord with theoretical deductions. The shallow na
ture of the soil made observations on lower soil sec
tions impossible. A mass of earth moistened by water 
from above would correspond in general to a truncated 
-cone, the upper surface of whieh is the area that was 
under water, while the lower surface, height and slope 
vary with th~ amount, of water applied, and the nature 
of the soil. 

Two furrow-irrigated plats were sampled every 
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three inches to a depth of "one foot. The results ob
tained as presented in table No. 20, confirm the con
clusion drawn from the data of table No. 6; namely, 
that the extent of the lateral spreading of soil water 
increases with. the depth of the soil. 

TABLE NO. 20.-THE LATERAL MOVEMENT OF SOIL WATER. 

Aver- Sin- Per cent of w a ter in '+-Coo age gle , 0 ..... 
· cd depth obser- 1st. 3 in. 2nd. 3 in. 3rd. 3 in. 4th. 3 in 0 ...... Zp.. in. va- Furrow ' Row 

--- -
tions. FurrowlRow Furrow Row Furrow Row 

~I~ 
------

20.24 112.% 

----------

5 23.35 13.56 19.63 1384 17.07 13.89 

----

Difference .\ 9.79 7.28 . 5.79 3.18 

The lateral movement of capillary soil moisture 
does not appear to be a factor of much importance to 
the irrigation farmer who deals with bench lands. 

15. CAUSES F LOSS OF SOIL WATER. 

Soils may lose the water applied to them in three 
way. 

1st. If an excess of water be added, especially to 
shallow soils, a large portion may drain into the 
gravelly subsoil, and thus be lost. With deep soils, it 
may happen that the water drains so deeply into the 
soil, as to be beyond the reach of plant roots. 

2nd. By capillary action, the water stored in the 
soil is brought to the surface, and there evaporated 
under the influence ot sunshine. wind and other metero
logical factors . 

3rd. Plant roots take largr.- quantities of water' 
from the soil, which are evaporated from the. plant 
leaves. 

The rate of loss from anyone of t hese causes de
p~nds on numerous factor.s, S0m2 of which are briefly 
considered in the following pages. 

1. Rate of drainage from soils depends upon, 
a. .Nature of soil. 
b. Depth of soil. 
c. Nature of subsoil. 

. 2. Rate of evaporation from bare soils. Discuss
ed Ip later reports of these irrigation investigations. 
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3. Rate of loss from soil on whjch plants are 
growing depends on, 

, a. Nature of soil. 
b. Initial per cent of water. 
c . Depth of soil. 
d. Time. 

(lo 
I ') 

.;.J. 

e. Meteorological condi - 11 3. 
tions. 

4. 

, f. Condition of top 
and subsoil 

g . Kind of crop. 
h. Age of crop. 

l 5. 
·soil { lo 

2. 

Te'ill pera ture 
Sunshine. 
Relative 
Humidity. 

Showers. 
Wjnd. 
Plowing. 
Cultivation. 

The nature of the soil, as a factor in the rate of 
loss of soil moisture, is not d.iscussed in the following 
pages, for the reason that the experiments wer~ con
ducted on a very uniform piece of ground. Pot ex
perim~nts with various soils have given data that v ill 
be presented in later reports of these irrigation inves
tigations. 

16. LOSSES DUE TO DRAINAGE. 

This subject, which involves a comparative study 
of 'soils, is part of a general investigation on the re
lations of irrigation, drainage, and alkali lands, which 
will be published later. Facts of importance to all 
who own bench l~nds were emphasized in this investi
gation; these will be briefly mentioned. 

Using the data given in Part A of this bulletin, it 
is known that one inch of water will saturate about 
2.46 inches of the soil of the College bench-land farm. 
The average depth of the 100 plats used in the irriga
tion investigations of 1901, is a trifle more than 26 
inches. Between 10 and 11 inches of water would then 
be enough to saturate the soil. 'l'he shallowest plat is 
8 inches deep and the deepest only 59 inches, which 
would be saturated, respectively, by 3.25 and 23.95 
inches of water. It has been found, however, that 
under ordinary field conditions the absolute water 
capacity is reduced to between 65 % and 80 % of what 
it is under laboratory conditions. This would make 
about 8 inches of water sufficient to saturate the aver-
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ao'e plat of the farm. An ordinary irrigation, usually 
r~presents more than 8 inches, and should be materi
ally reduced in view of the shallower portions, through 
which the water will drain rapidly; 

On shallow lands, with gravelly subsoils, that 
characterize the bench lands of Utah, it is very inad
visable to apply water in excess of the quantity which 
is necessary to satlirate the soil, for any excess sim
ply drains into the subsoil without benefiting the crop 
and raises the standing water table of the valleys, 
which is already too high. Besides, large quantities of 
plant food are leached out by excessive irrigation to 
reappear in the valley as alkali-to the injury of both 
high and low farmer. 

Excessive irrigation on bench lands is an evil 
which affects the irrigator and his neighbor who 
lives lower down. It is much better and more econo
mical to irrigate more frequently, using less water . at 
the tim.e, than to let the water run for hours on a piece 
of ground, in the belief that large crops will result. 

The seepage from the College farm, op. which these 
experiments were conducted, has been so great in past 
years as to convert a street and the fields just under 
the College hill into a swamp, which had to be reclaim
ed by a system of tile drainage. 

17. THE EFFECT OF THE INITIAL PER CENT OF MOIST

URE . 

All the soil moisture determinations made on the 
irrigation plats agreed in showing that the daily loss 
of water varied directly with the average per cent of 
water found in the soil on the day after irrigation
all other conditions being as nearly the same as it was 
possible to obtain them. By the average per cent is 
meant the average from the top to the gravel subsoil. 

Table 21 exhibits in detail the data upon which the 
above statement is based. 
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TABLE NO. 21.-EFFEOl' OF INITIAL PER OENT OF WATER 

ON THE RATE OF LOSS OF SOIL MOISTURE • . 

Total Daily Daily 
Average weight loss o f loss of ' 

Depth per cent water water water 
Number of Number water lost per per 

of plat of at sq. ft. sq. ft. sq. ft. 
Crop plat (in. ) days begin- (in lbs) (in 1bs) & per 

ning. cent 
(in 1bs) 

Wheat 306 18 30 26.20 28.17 0.939 0.0358-
319 19 30 21.71 20.81 0.694 0.0319 
317 18 31 19.30 17.51 0 .E65 0.0293 

320 19 27 24.05 25.05 0.928 0.0386 
321 18 27 22.63 22.52 0.834 0 .0369 

306 18 23 25.35 24.66 1.072 0.0423 
321 18 24 18.35 17.91 0.746 0.0406· 

328 11 20 26.51 15.81 0.791 0.0298 
" , 322 10 20 22.79 11.87 0594 . 0 .0261 

Oats 296 34 19 19.48 27;63 1.454 0 ·0746. 
" 297 37 19 13.21 20.17 1.062 0.0804 

299 36 13 23.02 28.93 2.225 0.0967 
297 37 14 20.93 25 .68 1.834 0.0876· 

297 37 11 16.01 21.69 1.972 01232 
298 36 11 13.83 16.98 1.544 0.1116· 

Young 323 14 28 24.27 20.09 0.718 0.0296 
Lucern 323 14 28 . 11 .55 5.87 0.210 0.0132. 

315 28 21 20.20 21.76 1.036 0.0513 
315 28 20 12.51 12.30 0.615 0 ·0492 

307 20 20 16.34 15.74 0.787 0.0482 
307 20 20 9.48 7.71 0.386 0.0407 

Sugar Beets 361 33 24 18.13 26.88 1.120 0.0618 
" " 367 32 2~ 16.77 25.17- 1.049 0.0626 

352 30 23 ~4.11 24.69 1.073 0.0445 
3 ~0 31 33 20.64 22.75 0.987 0:0478 

367 32 17 22.56 30.93 1.718 0 .0762 
351 32 18 '20.56 23.68 1.593 0.0775 

Potatoes 255a 25 10 12.5l 11.29 1.129 0.0923 
" 259a 29 10 1675 20.99 2.099 0 . .1250 

In the last cc:lumn numbers are found which have 
been .obtained by dividing the daily loss of water by 
the initial per cent of moisture . These numbers, con-
sidered in sets, are remarkably uniform, and indicate 
tl e close adherence to the rule that the initial per cent, 
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of moisture is an important factor in determining the 
rate of loss of soil moisture. 

The reason for this effect of the initial percent can 
be fairly well understood. The fine roots and root 
hairs come into contact with a comparatively small 
area of th~ soil moisture film, hence, as water is drawn 
into the plant, there must be a motion or flow of mois
ture towards the place of contact. If the film is thick, 
the water will move with some freedom and the plant. 
in a given time, and with the expenditure of a given 
amount of energy, will obtain a larger amount of water 
than is possible, if the film is thin, and as a conse
quence, the motion of the soil moisture more difficult .. 
The same principle holds in the case of the water evap
orated from the surface of the soil; the thicker the 
water film, the more rapid will be the evaporation; the 
thinner the film, the slower the evaporation. 

The thickness of the film of water around the soil 
grains varies directly with the per cent of water con
tained by the soil; hence, the correctness of the law, 
that t ke rate of loss of w ater )1'OJll soils varies direct!)' with 
tlze initial per cellt 0/ 7fl :Jis t lt r i:! i'l tIL' so':!. This is equiva
lent to saying that the ·nlore moisture there is in the 
soil, to a given depth, the more is lost, in a gi ven time 
by plant and sun action. As Ear as these experiments 
have been carried, this has been true in every case 
where the amount of water was less than the absolute 
water capacity. It seems that plants are not able to 
r egulate the amount of water taken up by them, but 
that not considering meteorological influences the rate 
of trans piration varies with the ease with which water 
may be obtained. If this be the case, plants may, un
der cer tain c ircumstances, waste water. 

In shallow soils , or in soils with a har'dpan near 
the surface, a given amount of water is not given the 
chance of wetting the soil to considerable depths ~ and, 
as ~ consequence, the per cent of moisture is higher, 
whlch causes a more rapid loss of soil moisture. 
~hallow soils or soils underlaid by hardpan are , there
for , less economical than deep ones, considel'ed from 
th point of view of the con~ervation of soil Inoisture. 
rrhi mi.~tter , which has an important bearing on the 

conomlCal use of water, will be discussed later and 
more fully in this and succeedin o' reports of these in-
ve tigations. 0 
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The last column of table 8· shows that the rate of 
loss per per cent,in most cases is higher when the tota~ 
initial per cent of water is highest. That is, from a soil 
containing 20 % of water, the loss of soil moisture in a 
given period of time will be more than twice as 'much 
as that lost by a soil containing 10 %' of water. This 
principle finds application in the practice of furrow ir-
rigation. . 

18. EFFECT OF DEPTH OF SOIL. 

If it be true that the rate' of loss of soil moisture 
varies with the initial per cent of water in the soil, it 
follows that a deep soil will lose water' more rapidly 
than a shallow soil having the same initial per cent of 
water. ' 

This may be shown in the following manner: 
Two soils have the depths d and d+d'. The per cent 

of moisture is the same in both, at the beginning of the 
test, namely P . During the fir8't interval of time , one 
hour we lnay say, the losses of moisture 'fI'om the two 
plats may be said to be equal or nearly equal and rep
resented by L . 

Pd and P (d+d' ) are the amounts of water in the 
two soils at the beginning: after the first interval, ' 
they have become Pd- L and P (d+d' )-L. If these 
latter amounts be divided by the respective depths of 
soil, the new per cents of moisture will be found: 

Pd+L and P (d+d')-L = P - L a~d P - L. 
(i- d+d~ -d- d : d' 

It is evident that the per cent of moisture is larger 
in the deeper soil than in the shallow, for 

P --L is smaller than P - L 
-d- d...Ld' 

At the beginning of the se~ond interval, then, the 
deeper soil, having a higher per cent of moisture than 
has the shallower soil, will lose its moisture more 
rapidly. This diffel'ence will continue and become 
greater as the length of time increases. 

This r esult may be .understood without the use of 
the algebraic delnonstration. If two soils are one and 
and two feet.Je-; pl·espectively, and both contain an 
average of 10 % of moisture, they will contain r espec
tively, per sqU<11'e foot of surface, t en and twenty 
pounds of wat<:>l' (one cubic foot (If soil weighing 100 
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p ounds. ) During the first day each soil may lose two 
pounds of water, in accordance with the law stated in 
the preceding section. In the shallow soil, will remain, 
then, eight pounds, and in the deep eighteen pounds of 
water , which r e.presents 8 % and 9 %. The deeper 
s oil, having a high~r per cent of moisture at the begin
ning of the secon~ .day, will lose more ~ater . during 
t hat day, than wHl the shallow soil with a lower per 
cent of moisture. 

, While it is unquestionably true that the greater 
r ate of loss of moisture from deep soils may be ex- ' 
plained as above, yet it must not be forgotten that in a 
deep soil, a fuller developrp.ent of the root systems of 
t he crops is possible , and that, therefore, a larger feed
ing surface is produced which naturally would draw 
more r'apidly upon the stock of soil moisture. 

It thus becomes evident that several factors are 
involved in the law that the rate of loss of soil moist
ure increases with the depth of the soil. 

In table No. 22, experimental data on the relation 
between depth of soil and rate of loss of soil moisture 
.are r epresented. 
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TABLE NO . 22.-EFFECT OF DEPTH OF SOIL ON RATE OF' 

LOSS OF SOIL MOISTURE. 

Total 
weight Daily Daily 

Average of loss los s of 
per cent water of wa ter 

water lost water per 
Number Depth Number at iQ,lbs. in lbs. cub ic 

of of plat of begin- per per ft . 
plat inches days ning sq. ft . sq. ft in lbs . 

Wheat 325 36 30 21.33 27.31 0.910 0.303. 
319 19 30 21.71 20.81 0.694 0.438 

318 28 25 17.90 21.92 0.877 0.376. 
321 18 24 18.35 17.91 0.746 0.497 

314 16 20 21.44 16.58 0.829 0.623. 
322 10 20 2279 11.87 0.594 · 0.713 

327 12 17. 26.09 17.16 1.010 1.010 
330 9 17 25.95 10.47 0.616 0.821 

326 27 7 23 .61 28.46 4 .066 1.S07-
330 9 5 23.60 4.70 0.940 1.253 

Oats /96 34 27 22.21 44.28 1.640 0 .579 
295 23 27 24.43 33.81 1.252 0.653 
293 16 27 20.38 19.73 0.731 u.550 

297 37 19 13.21 20.17 1.062 0.344 
293 16 19 11.38 8.77 0.462 0.347 

294 41 11.) 17.16 31.33 1.649 0.483. 
296 34 19 19.48 27.63 1.454 0.513 

294 41 14 22.'27 27.87 1.991 0583. 
299 36 14 20.65 23.96 1.711 0.570 

29~ 41 11 17.68 23.44 2.131 0.624 
297 37 11 16.01 21 .69 1.972 U.f)4(} 

Young 323 14 28 24.27 20.09 0.7 !8 (1.015 
Lucern 332 9 28 23.011 12.67 0 .-l.;;3 C'.604 

315 28 21 20.20 21.76 1.036 0.444 
323 14 20 2352 1658 0.829 0.710 

307 ZO 20 1634 15.74 0787 0.472 
332 9 20 15.00 6 .94 0.347 0463 

307 20 15 17.S3 18.Sl 1.234 0740 
323 14 15 19.98 i4.38 0.959 0822 

Tim~thy 371 31 ~1 19.21 31.87 U.393 0. 1.52 
372 27 811 14.87 30.64 (1.383 o 17() 

348 12 47 21.06 14.03 11 .311 0311 
349 17 47 21' .h2 1053 0.352 0.249 

343 12 27 ~ 1 . 14 1499 0.555 · 0 . 5 .~5 
371 .n 26 21.lil 257 : ( .98Y ('.383. 
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Table 22 (Continued.) 

Total 
Average weight Dail{r loss 
per cent. of water Daily loss of ater 

Number Depth Number water lost in Ibs of water per cubic 
of of plat of in per. sq. in Ibs. per foot 

plat inches days beginning foot. sq. foot in Ibs. 

Sugar Beets 353 15 24 20.12 14.47 0. 603 0482 .. " 351 32 24 ]9.04 24.44 1.018 0.3E2 
364 26 24 18.S9 23.28 0.970 0.448 
3tJ1 33 24 18.13 26.81 1.117 0.405 

363 37 24 17.05 31.46 1.311 0.425 
367 32 24 16.77 25.17 1.049 0.393 

353 . 15 23 23.84 17.36 0.755 0.604 
352 30 23 24.11 2469 1.0i 3 0.429 

36-4 26 22 1994 20.07 0.912 0.421 
36t 33 22 19.34 26.34 1.197 0.435 

( 
367 32 18 22.56 30.93 1.718 0.644 
353 15 18 22.83 17.08 0.949 0 .759 

.~63 37 18 18.09 30.57 1.6'98 0.551 
" 364 26 18 ]882 22.26 1.237 0.571 

361 33 18 17.89 Ii .46 0.970 0.353 
374 52 18 16.14 25.17 1.398 0 .323 

3E3 15 16 2331 15.13 0.946 0.757 
365 12 16 2294 12.02 0.751 0.751 

367 32 16 '7.90 1429 0.893 0. 335 
374 52 16 17.31 27.20 1.700 0.392 

Potatoes 257 a 23 21 21.10 ~3 . 70 1.129 0.589 
259 a 26 21 19.30 24.13 1.149 0.530 
258 a 29 21 20.96 25.33 1.206 0.499 

" 260 a 38 22 21.11 2915 1.325 0418 

257 a 23 18 26.21 28.73 1.596 0.833 
263 a 59 17 20.21 38.53 2.266 0.461 

As shown in table No. 22, sixty-one observations 
were found that could be arranged in twenty-eight 
sets, in each one of which the soil depth was the only 
variable factor . In every case the loss of soil moist-
ure varied directly with the soil Jepth. In the last 
column the ratio between the daily loss of water and 
the depth of soil is stated. Though there is a general 
agreement in the numbers so obtained, there are 'so 
many exceptions as to make 
visable. 

general deductions inad-

A striking confirmation of the law of this relation 
was furnished by the arid farm plats. These plats 
"Were SOwn to wheat in the fall of 1900, and were al-
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lowed to ripen without irrigation. Soil moisture ' de
terminations were made on May 8th, and again on 
July 17th, 1901, when the crops"were harvested. rrhe 
whole period between the first and the last sampling 
was seventy. days. The average per cent of moisture 
on May 8th was 20.16 and on July 17th, 4.32. 

T ABLE NO. 23. 

Total loss of Daily 'loss of Daily loss of 
. Plat Depth of water per water per water per 

number plat in. sq. ft in lbs. sq. ft. in 1bs. cu. ft. in lbs. . 
301 18 19.63 0.280 0.187 
302 29 35.37 0.505 0.209 
303 23 28.80 0.411 0.214-
305 23 28.95 0.414 0.215 
310 20 23.96 0.342 0.205-
311 18 20.09 0.258 0.191 
313 16 16.97 0.242 0.181 

Considering the possible errors due to soil varia
tion~ sampling and analysis, these results indicate 
with surprising distinctness that even a slight increase 
in the depth of soil is accompanied by a correspond
ingly increased rate of loss of soil moisture. 

19. THE EFFECT OF TIME. 

It is evident that the longer the time, the more 
water is lost from the soil. From the principles laid 
down in the two preceding paragraphs it is also clear 
that the rate of loss will diminish with the time. The 
data on hand furnish averages that indicate the vary
ing rate of loss of soil moisture for averages of all the 
crops and plats used in the irrigation investigations. 
Since no special experiments were made on this sub
ject, it was found difficult to eliminate all factors other 
than time in the table to be presented, yet the results 
obtained can be relied on to show the truth for average 
farm conditions, under the prevailing conditions on the. 
College farm. 
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TABLE NO. 24.-THE EFFECT OF TJ ME ON THE RATE OF 
, LOSS ,QF SOIL IOISTURE. 

Crops. 

Semi-weekly periods. 
28 25 20,28 6.96 2.32 1- 3 Wheat, potatoes, corn. 
22 19 15.75 6.52 1.63 4-7 Wheat, potatoes. 
22 14 13.19 4,77 159 8-10 Wheat, potatoes. 
22 15 11,07 3.67 0.92 11-14 Wheat, potatoes. 

Weekly periods. 
25 66 20.15 11.81 1.69 1- 7 Timothy, young and old lucero, 

potatoes, corn. 
21 46 13.08 7.59 1,09 8- 14 Wheat, young lucern, potatoes. 
22 15 8.92 4.24 0.61 15- 21 Wheat, young lucern. 
18 4 7.71 2.45 0 .35 22-28 Young lucern. 

Bi·weekly period. [Potatoes. 
27 86 . 20.69 21.61 1.54 1- 14 Wheat, oats, youog lucero, corn, 

IS-Day period. 
26 19 21.04 22.74 1.26 1- 18 Oats, old lucern, timothy, sugar 

beets. 
Tri-weekly period. 

23 95 20.31 21.% 1.05 1- 21 Wheat, young lucern, English 
rye, sugar beets, potatoes. 

Four-weekly period. 
23 45 21.78 23 S~ 0.85 1-28 Wheat, oats, young and old 

lucero, orchard grass, timothy, 
red clover, Ke'ntucky blue grass. 

Irrigation of the same piece of land is seldom 
practiced oftener than once a week; more usually, on 
the bench lands, irrigations are two to four weE ks 
apart. On the deep lands of the valley, irrigation does 
not need to be performed so often, for more water can 
be stored in such soils at anyone time. 

During the first week that elapses after an irrigation 
on soil approximately twenty-five inches deep, there is 
a daily loss per square foot of 1.69 pounns. Of this 
loss, 52 % occurs during the first three days, and 48% 
the last four days. During the second week, on soil 
twenty-one inches deep, there was a daily loss of 1.09 
pounds of water per square foot, of which 57 % was 
lost the first three days, and 43 % the last four. During 
the third week, on soil twenty-two inches deep, the 
daily loss of water per square foot equalled 0.61 
pounds; while, during the fourth week, on soil eighteen 
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inctes deep, the daily loss per square foot was only about 
0 .35 pounds. It will be observed from table No. 11, 
that different combinations of the data given will give 
results slightly different from those first quoted. This 
is due, clearly, to the varying depth of soil, and kind 
of crop grown. 

In the following table the proportions of water lost 
at different times during one, two, three and four week 
intervals between irrigations are exhibited. 

TABLE NO. 25.-RELATIVE LOSS OF SOIL MOISTURE AT 

DIFFERENT TIMES DURING VARIOUS INTERVALS 

BETWEEN IRRIGATIONS . 

I 
Total I Per cent loss during 

Depth loss ---,.---,------------,------::---::----------:------:~:_:__-:_:__ 
Inter . of Ibs . pel _1_s_t_w_e._ek"'--- I_2_o_d_w_e.t'-::k:-- 3rd week 1 4th week 
~~ sq. ft. 1- 3 4 · 7 1- 3 4- 7 _1-_3_4_-_7 _1_ ._1- 3_ -_ 4_. _7 _ 

One 
week 25 11.81 52 48 

Two 
weeks 27 21.61 31 29 23 17 

T hree 
weeks 23 21.96 26 24 17 15 18 

Four 
weeks 23 23.82 23 22 17 12 16 10 

During a week interval, then, more than one-half 
. of the total loss occurred during the first three days; · 

during a two week interval, fifty per cent was lost the 
first week, and, during a four week interval, 45 % was 
lost the first week. In every case, more water was 
lost during the first three days of the first week, than 
was lost during the next four days. 

These ·J ~sults teach with emphasis that methods 
designed to conserve soil moisture, should be put into 
operation as soon as possible after irrigation. If cul
tivation is practiced, it should be applied as soon as 
the soil is dry enough to support the tools; if it is post-

/ poned a week from the time of irrjgation, more than · 
one-half of the water has been lost. Besides at the 
end of a week the top soil has been so dried out as to 
act as a fairly good mulch, and cultivation does not aid 
greatly in the conservation of the remaining soil moist
ure, though it may have other very beneficial effects . 
See later report s of these investigations.) 
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FI G. 3 .-LOSS OF , WATER FROM ONE SQUARE FOOT IN 

TWO WEEKS. ' 

JI 
1. 2. 3. 4. 5. 6. 

1. Total loss in 2 weeks. 
2. Loss during 1st- 3rd days . 
3. Loss during 4th- 7th days. 
4. Loss during 8th- 11th days. 
5. Loss during 12th- 14th days. 
6. Loss from water surface in 2 weeks. 

FI . 4. - LOSS OF WATER FROM ONE SQUARE FOOT IN 

FOUR WEEKS . 

JJ 
1. 2. 3. 4. 5. 6. 

1. Total loss in 4 weeks. 
2. Loss during 1st week. 
3. Los,s during 2nd week. 
4. Loss during 3rd week. 
5. Loss during 4th week. 
6. Loss from water surface in 4 weelcs. 
The extent to which loss of soil moisture may go, 

is discussed in a later section. 
C Using the data in table 6, it may be determined 
that the average weekly rate of evaporation from a 
free water surface during June, July and August, 1901, 
was about 9.08 pounds per square :foot. This is con
siderably less than was lost per square foot, from soil 
the first week after irrigation. This fact emphasizes 
the great rate at which water is pt:mped through 
plants immediately aiter an irrigation; and shows also, 
that the amount of water lost by direct evaporation 
from soils is small when compared with the quantities 
10 t by transpiration. 
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20. THE -EFFECT OF METEOROLOGI 'AL CONDlTIONS . 
" 

M~teorological conditions exert a marked influence
upon the loss of soil moisture. The relations are so. 
complicated that it is very difficult to eliminate all 
other factors leaving only those that are directly of a 
meteorological nature. Special experiments, Inade with 
special apparatus, are necessary to establish the quan
titative value of m-eteorological factors as affecting the 
loss of soil moisture. The special importance of the 
data to be presented is that the observations were 
made on soils ac.tually used for crop production, and 
under field conditions. It must be borne in mind that 
far-reaching conclusions cannot be drawn from ths. 
data of the following tables. 
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TABLE NO . 26--THE E F FECT OF' R E L A TIVE HUMIDITY . 

T emperature and Sunsl1ine coU!~tant. 

E_ ~bD 
~ . II) 

~rJJ 0 0' I-< 
0>-' rJJ- II) ::l II) >-.~ .... ~ I-< ~ o.rJJ ~ ell .: ell ~~~ bO~ > .":: s::: o s::: 

0. ~~ ~ ~ ~ 'a ' '::'0 II) ell I-< 0 ~~~ rJJ '" 0 So. o() ()~c tn:; ~ .£ 0.- "1-0':: 
I-< ~II)~ 
U ::l .:: s::: ~~ ... 0 ~~C; >0. ..... 81-< ::l (/j 

Z ~ o.~ ~; ~ c 0 

<~ 
II) :::t II) os::: 

11) ... .....~o ~.:: 0. ~~ ~I-< Oell~ ~ ,0 II) 

8~ 8 0. 

Sugar July 10 
beets 353 15 23.30 ·16 July 26 15.13 78 42 129 

July 27 
352 15 22.96 16 Aug. 14 17.08 76 51 124 

June 17 
361 33 19.34 22 July 9 26.34 . 69 42 207 

Aug. 16 
361 33 18.14 24 . Sept. 9 25.88 69 51 199 

July 10 
361 33 18.90 16 July 26 14.64 78 42 129 

July 27 
361 33 17.89 18 Aug.H 17.46 76 51 124 , 

J uly 10 
362 41 20.39 16 J uly 26 2i.82 78 42 129 

July 27 
362 41 18.54 18 Aug. 14 28.39 76 51 124 

Jury 17 
364 26 18.94 22 . july 9 20.07 69 42 207 

Aug. 16 
364 26 18.60 24 S ept . 9 23.28 69 51 199 

J uly 10 
364 26 18.i2 16 July 26 16.19 78 42 129 

July 27 
364 26 18.82 18 Aug. 14 22.26 76 51 124 

-
Aug. 17 

207 365 12 26.90 22 Ju ly 9 16.39 69 42 
Aug. 16 

365 12 27.54 24 Sept. 9 17.73 69 51 199 

Averag es 27 21.06 18 19.50 74 42 163 

27 20.35 20 21.73 73 51 156 

In this table the average tern perature and hours 
of sunshine are nearly constant. The weight 
of :vater lost per square foot during the period for 
whIch the relative humidity of 51 % prevailed, 
was 21. 73 pounds; while for the period of 42 ~ 
only 19.50 pounds were lost. However, the former ... 
p~riod extended over twenty days, and the latter over 
eIghteen days, only. Allowing for this difference in 
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time, it appears that the difference in relative humid
ity exerted no great influence upon the loss of soil 
moisture. It would naturally be expected that, under 
a low relative humidity, which means drierair: the loss 
of water from soils and plants would be more rapid 
than when the humidity is higher. A difference of 
nine points, under Utah conditions, does not con
firm this "expectation. We are not prepared to give 
any reason for this. Much certainly depends upon the 
nature of the crop, the soil, method of making the ob
servations, and other less known factors. We may be 
justified, perhaps, in ~rawing the conclusion that a 
variation in the relative humidity, within ten points, 
has less effect upon the loss of soil moisture than has a 
variation in other meteorological conditions. 

TABE NO. 27.-THE EFFECT OF SUNSHINE AND RELATIVE 

HUMIDITY. 

0.. 
o 
'"' U 

Young 

Lucern 

Young 

Lucern 

Young 

Lucern 

Young 

Lucern 

...... 
o 

307 

307 

315 

315 

307 

307 

315 

315 

20 

20 

28 

28 

20 

20 

28 

28 

Potatoes 262A 54 

262A 54 

Averages 

Averages 

30 

30 

Temperature constant . 

17.54 

16.34 

19.57 

20.19 

17.54 

16.34 

19.57 

20.]9 

14 

13 

14 

14 

7 

6 

7 

6 

13.45 14 

14.48 14 

17.54 11 

17.51 11 

July :S 
July 19 
July 23 
Aug. 5 

July 5 
July 19 
July 23 
Aug. 5 

July 5 · 
July f2 
July 23 
July 29 

July 5 
July 12 
July 23 
July 29 

July 5 

18.05 

8.61 

19.36 

18.08 

12.52 

7.72 

11.80 

10.22 

77 

78 

77 

78 

78 

78 

78 

78 

J u I Y 1 q 12 89 77 
July 22 
Aug. 5 20.02 78 

14.92 77 

12.94 77 

78 

52 

78 

53 

41 

51 

41 

51 

39 

51 

56 

52 

127 

90 

127 

90 

63 

36 

63 

36 

127 

94 

102 

69 
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In table No. 27, the temperature is constant for 
the five periods; the relative humidity varies only by 
four points; but there is a difference for the eleven 
days, of thirty three hours of sunshine or three hours 
daily. This larger amount of sunshine seems to have 
caused a loss of about two pounds of water per square 
foot of soil, for the period, or about one-seventh of the 
total amount lost. This difference may, probably, be 
ascribed safely to the extra sunshine, but the data ob
tained cannot, with equal safety, be used to determine 
the value of one hour of sunshine in causing the loss of 
soil moisture; for, the effect of sunshine naturally var
ies with the time after irrigation when it is most 
abundant, its continuous or intermittent nature, the 
time of the day when it is most abundant, the condi
tion of the sky, the intensity of the light, and w;ith 
many other factors. 

TABLE NO. 28.-THE EFFECT OF TEMPERATURE AND RE

LATIVE HUMIDITY. 

0. 
o 
I-

U 

Wheat 325 

325 

36 

36 

329 18 

329 18 

Sunshine constant. 

21.34 

19.50 

June 11 
14 June 25 

July 12 
14 July 20 

til 
III 
0-:00 
rooD 
0::: 
8 

19.76 

:057 

64 47 107 

78 42 99 

24.34 20 June 8-28 22.71 62 47 156 
July 12 

24.93 20 AUK. 1 2570 79 43 148 
Yu- l-ln-g---------------

lucern 
Young
lucern 

315 28 

315 28 

20.84 7 June 4-11 7.02 57 51 

19.57 7 July 5-12 11 80 78 41 

57 

63 
--------------------------~A-ll-K-.20 

P otatoes 255 \ 23 12.18 13 Sepr. 2 

25SA 25 13 22 13 

202 .-\ 54 14.35 15 

Jul y 5 
July 18 

.\ ug-. 8 

8.94 

13.20 

71 

77 

46 

38 

120 

118 

AUl(. 23 100 7.91 72 54 
July 22 

_____ 2_6_2_\ __ 5_~ ____ 1_4._48 __ 1_4 __ A_l_l~_r._5 __ 2_0_.0_2 ___ 7_8 ___ 51 ____ 9_4_ 

AV(:Tdg-es 32 18.61 14 13.27 65 49 108 

32 18.34 14 18.26 78 43 104 
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In table No. 28; the factor of sunshine is constant; 
the relative humidity varies six points only; but there 
is a difference of 13oF. in the average temperature. 
The increased loss of soil , moisture, per square foot, 
during the period of higher average temperature, 
equals five pounds, for the fourteen days, or about 0.3 
pounds daily. This higher rate of loss f is unq-qestion
ably due to the greater average temperature; and it 
would appear. further, that of the three factors, tem
perature, sunshine and relative humidity; temperature 
is of first importance in causing a loss of soil moisture, 
and relative humidity is .last. , When ' the assimilation 
of carbon be considered, this relation may be ' changed; 
the discussion of transpiration of water to carbon assim
ilation will be found under the heading of Irrigation 
vs. Yield of Dry Matter and of Crop. 
TABLE NO. 29-THE EFFE T OF TEMPERATURE AND 

SUNSHINE. 
______ . __ R_e_la_t_ive humidity constant. 

0. 

8 
Q 

Wheat 318 28 

318 28 

June 10 
18.90 21 July 1 21.10 64 45 180 

June 19 
18.95 21 July 29 20.2Q 78 42 159 

------------- ---
Young 
lucern 315 28 

315 28 
----------------

307 20 ' 

307 20 

June 4 
20.84 14 June 18 11.12 58 50 lOS 

July 23 
20.19 14 Aug. 6 18.08 78 53 90 

17.83 

16.34 

June 11 
7 June 18 653 59 49 

Julv 23 
6 July 2<) 7.72 78 51 

47 

36 
---------------------

315 28 

315 28 

323 14 

323 14 

Average 29 

29 

20.84 

20.19 

24.27 

23.52 

June 4 
7 June 11 7.02 57 51 

July 23 
6 July 29 10.23 78 51 

June 4 

57 

36 

7 June .11 8.81 57 5 1 57 
July 23 

6 July 29 8.14 78 51 36 

20.54 11 10.92 59 51 89 

19.84 11 ' .12.89 78 50 72 
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In table No. 29 the relative humidity is constant; 
while the temperature and sunshine vary. The differ
e nce in average temperature is . nineteen degrees,; ip. 
sunshine seventeen hours. It so happened that the 
.greatest amount of sunshine c~me during: ,the colder' 
period, hence temperature 'and sunshIne were op
posed to each other. The difference in the 
amount of water lost, per square foot, during the 
periods, is about two pounds. This increase came dur
ing the warmer period. It seems conclusive then, that 
a difference of 19° in the average temperature, f0r 
e leven days, is more effectiye in causing water to leave 
the soil, than are seventeen hours. of sunshine during 
t he. same period. Here, again, it must be remarked, 
that it is useless to establish any quantitative relation, 
for the factors to be considered are v~rynumerous"and 
many have not been determined. It must also be re
marked that the data contained in the last four tables 
are not selected; but they represent all the comparabl~ 
results obtained by the season's work-that is, all the 
results in which one of the three factors is constant. 
In the remaining eleven sets, no certain comparisons 
ean be made, and contradictions exist that can only be 
explained by knowledge beyond that which we now 
possess. Therefore, the remaining sets are not pub
lished. 

Slzowers. Since a shower may be considered a 
light irrigation~ it tends to increase the rate of loss of 
soil moisture. This loss is not due so much to -the in
ereased transpil'ationof the plant as it is to the estab
lishment of capillary connection between the top soil, 
and the lower soil layers, by which direct evaporation 
from the soil is furthered. The observations made . on 
the irrigation plats confi~med this view, but, since the 
subject will be taken up in a later bulletin, the scanty 
data obtained in the field during the season of 1901, 
will not be presented. Between June 1st and Septem
ber 21st, only nine showers were noted. The smallest 
was .02 inch, and the largest 0.93 inch. The average 
Was 0.25 inch. Such showers ' are not of a nature to 
cause great changes in the soil moisture. 

Willd. A strong steady wind from Logan canyon 
blows almost eV4~ry night over the experimental fields 
of the college farm. This wind certainly causes a 
g reat loss of soil moisture. No direct field tests were 
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made to learn the extent to which evaporation of water 
was caused by this wind, but two tanks filled ' with 
water were placed at the experimental fields, one of 
which was covered during the day, while the ·other was 
always uncovered. The results of the season's work 
show, that 13.31 inches of water were evaporated dur
ing the period July 14th to Aug 31st from the uncover~ 
ed tank , while only 10.60 inches were evaporated dur
ing the same time from the one covered at night. 

21. THE EFFECT OF THE CONDITION: OF TOP AND SUB 
SOIL. 

According to many researches, the condition of the 
top soil influences, very materially, the evaporation of 
water from soil. It is believed that, if the upper inch 
or two of soil is very dry, it is difficult for the water to 
pass through it. If at the same time the top soil be 
loosened, capillary connection with the lower soil lay~ 
ers is broken, and evaporation is further hindered. 
Deep and frequent cultivation is, therefore, recom
mended for arid regions. 

Different methods of plowing likewise affect the 
economical use of irrigation water. By deep plowing 
the capacity for storing water is increased; and 
thorough plowing breaks the capillary connections so 
that direct evaporation from the soil is hindered. 

The transpiration of wa,teL' by plants is not, prob~ 
ably, affected by the condition of the top soil. The 
condition of the sub-soil on the other hand bears im
portant relations to transpiration. 

These and other related problems could not well 
be studied during the season that the experiments, here 
reported, were conducted. In fact, no observations on 
bar~ plats were made. The treatment of this subject 
is, therefore, postponed to succeeding reports of these 
investigations. . 

22. THE EFFECT OF KIND OF CROP . 

Differen; plants e' aporate water at different rates. 
This depends on various factors. The relation between 
the extent of the root system and the leaf surface will 
condition, in a lTI.easure, the rate of transpiration. The 
mOl e or less perfect shading of the soH by the crop 
deterlnines in part, the evaporation from the soil. 
Other factors, depending on the nature of the crop, 
likewise affect the rate at which moisture is lost frolU 
the soil. . 
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TABLE NO. 30.-KIND OF CROP AS AFFECTING RATE OF 

LOSS OF SOIL MOISTURE. 

Crop 

Wheat 
Young lucern 

Old lucern 
Potato~s 

Wheat 
Young lucern 

Wheat 
Young lucern 

Oats 
Corn 

Oats 
Sugar beets 

Old lucern 
Timothy 

Wheat 
English rye 
S ugar beets 
Potatoes 

Wheat 
Re? clover 

Depth of 
plat 

(inches) 

19 
18 

25 
24 

19 
18 

J9 
18 

36 
36 

36 
31 

18 
17 

24 
21 
24 
24 

18 
18 

Oats 25 
L ucern and or

chard grass 23 
Timothy 22 

Per cent 
Number of water at 
observations beginning 

Weekly periods. 

18 
12 

3 
20 

12 
11 

.Hi- weekly periods. 

30 
13 

4 
2 

20.86 
19.59 

19.36 
20.48 

13.J3 
14.76 

20.86 
19.59 

2!.29 
20.60 

Total weight 
water lost 

per sq. ft.lbs 

11.60 
8.43 

10.78 
11.90 

7.82 
5.71 

19.42 
14.14 

27.98 
25.54 

------ -------
18- Day periods . 

4 
9 

2 
1 

Tri- weekly periods. 

18 
2 
7 
4 

16.62 
20.09 

23.87 
23.89 

16.49 
22.68 
22.06 
21.4~ 

Four-weekly periods. 

3 
2 

3 

2 
6 

23.10 
22.75 

22.34 

23.58 
21.68 

25.00 
24.07 

22.96 
18.69 

21.10 
18.17 
i9.35 
23.48 

24.26 
16.26 

33.82 

24.87 
21.04 

It is extremely difficult to obtain data on this sub
ject that are strictly comparable. Table No. 30 pre
sents a few results that indicate the different effects of 
various crops upon. the loss of soil moisture. 

It is s )mewhat surprising to note that the rate of . 
loss from soil on which oats and wheat were growing 
was larger than from soils carrying young or old lu
e ern, corn, sugar b.e~ts, red clover, timothy and En-
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glish rye grass. Potatoes seem to use soil moisture 
more rapidly than any other crop in the experiment, 
and oats seems to come next. A distinction must be 
made here between the total amount of water used by 
a crop, and the rate at which that water is used. 
Wheat and oats, which mature early, use less water 
than sugar beets and other long growing crops; but the 
amouFlt of water used in a day, or any other definite 
period, appears to be larger for the cereals than for 
the leguminous and root crops. Potatoes are an ex
Deption; in that they head the list. It may also be ob
served that in general the rate of loss is greater for 
.annuals than for biennials and perennials. This would 
indicate that the rate of loss of soil moisture bears a 
definite relation to the rate of gain of dry matter, or 
the sum of the life-processes of the plant. This will be 
found discussed under the heading of Irrigation vn'sus 
tlte yield of drJI mattn" and crop. 

The crops under discussion may be . arranged in 
order, according to the rate at which they cause a loss 
of soil moisture. The order will be approximately cor
rect only ~ and subject to revision as future experiments 
are made. 

The following list begins with the crop which has 
. the highest rate. 

1. Potatoes. 
2. Oats. 
3. Wheat. 
4. Corn. 
5. Sugar beets. 

6. 
7. 
8. 
9. 

10. 

Old lucern. 
Red clover. 
Timothy. 
English rye grass. 
Young lucern. 

23. THE EFFECT OF THE AGE OF THE CROP. 

The discussion of this subject is postponed to a 
later report, where more data will be available than 
were obtained during the season of 1901. In general, 
it may be said, that the rate of loss of soil moisture 
depends partly upon the age of the crop. When the 
Drop is young and small much less water is removed 
from the soil by transpiration than is the case when 
the plant is older and larger. Late in the plant's life 
there comes a period when ripening sets in, and during 
this period transpiration again becomes bmaller, and, 
as a consequence, the rate of loss of soil moisture is 
reduced. The subject is difficult to study under field 
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conditions, for the elimination of other factors is well 
nigh impossible. Pot experiments, in which the vari
ous fact )rs were well controlled, have thrown light on 
the subject. The results will appear in a later report 
of these investigations. 

I 

24. THE LOSS OF SOIL MOISTURE FROM VARIOUS DEPTHS . 

In table No. 15 it was shown that one day after an 
irrigation, on the shallow soils of the College farm, the 
first foot contained a little more water than the second 
foot, and the second a little more than the third and so 
on. It was also shown that the differences were very 
small, especially from the second foot downward. It 
is of interest to know what depths of soil on which 
crops are grown lose the largest amount of water at 
different times after irrigation. Table No. 31 has beeil 
constructed to furnish a partial answer to this query . ., 

TABL~ NO. 31.-PER CENT OF SOIL MOISTURE AT VARIOUS 

DEPTHS AND AT DIFFERENT TIMES AFTER I RRI-

GATION. 

Days 
Percentage of water. after Number 

Irriga- of 0-3 3- 6 6- 9 9- 12 12- 24 24- 36 
tion trials in. iu . in . in . in . in. 

Corn. 
1 6 21.64 22.69 21.88 16.96 16.39 18.81 
8 6 7.95 12.79 12.09 12.41 11.64 14.89 

12 6 7.71 10.43 11.43 11.94 12.21 14.53 

Potatoes. 
1 5 21.55 20.02 10.26 17.49 18.76 
5 5 11.85 16.17 15.13 15.07 16.13 
9 5 7.55 13.39 12.07 11.82 14.12 

12 5 7.04 11.12 10.59 10.31 11.34 
19 5 5.15 6.81 8.01 8.03 10.82 
23 5 4.84 0.45 6.98 7.43 8.66 

Wheat. 
1 4 22.42 21.98 21.59 19.86 18.68 
9 4 13.35 15.03 14.78 14.02 16.12 

16 4 7.51 9.53 11.29 9.99 9.47 
23 4 4.91 7.22 7.13 7.12 7.52 

1 2 27.41 25.71 22.08 21.73 
9 2 15. 11 16.08 15.78 13.41 

16 2 5.63 7.85 8.61 7.99 
19 2 5.4M 6.68 6.33 6.10 
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Table No. 31 reveals that one week after irdga
tion, the ·first three inches of soil are very much driel" 
than any lower section; that two weeks after irrigation, 
the difference is not so marked, and that, in g·eneral,. 
the difference becomes less as the time from irrigation 
increases. The second, third and fourth three-inch 
sections of the first foot are more nearly alike one 
week after irrigation, in the moisture that they con-· 
tain-the differences being on the average less than 
one per cent. The second foot contains more water 
than the first, and the third more than the second, thus. 
reversing the conditions that exist immediately after· 
irrigation, before the effects of evaporation and trans
piration have. become noticeable. These relations re
main unchanged until the next irrigation, with the ex-· 
eeption that the differences decrease with the increase 
of time. Twenty-three days after irrigation the aver
age difference in the moisture content of the sections, 
not considering the top thre'e inches, is less . than one 
per cent; in the wheat plats less than one-half per
cent. I • 

It is especially noticeable that one week after irri-
gation there is a much greater difference between the 
first and second three inches of soil than between any 
other two se-ctions. In the corn plats the difference is 
4.84 % ; in the potato plats, 5.84 % ; and in t4e deeper
wheat plats, 1.68%. The top soil, which is subjected 
to the direct action of sunshine and wind, .would natur
ally dry out quickly; but the last difference between 
this top layer and the next following seems to indicate· 
that the dry top soil forms a good protection for the 
lower lying portions, which, then, in all probability, 
lose most of their moisture by giving it up to the plant 
roots. It is not easily believed that water from the 
lower soil depths will pass readily through a ·top layer 
containing less than 10 % of moisture, which is the con
dition one week after irrigation . 

That the loss of soillnoisture falls with consider
able uniformity on the different soil depths, may be
explained in two ways. First, by assuming that the 
tendency .of the soil mo~sture is to distribute itself uni
formly over the whole soil body; and, secondly, that 
the roots penetrate the whole depth of these shallow 
soils, with uniformity, and draw with an approxiInately 
equal vigor on the whole soil body. It is probable that, 
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both of these factors are· important in causing the 
nearly equal loss of water from all soil depths; but, 
from the fact that the uniform loss is just as marked 
in'the drier soils (10 % of water and under) in which 
.capillary movements are necessarily very slow, as in 
the moister soils, it seems safe to conclude that root 
action is of greater importance in this uniform loss 
than·is capillarity. The results from the shallow wheat 
plat 12 inches deep), stated at the end of table No. 31, 
are of interest in that they show an almost identical 
per cent of water for the three inch sections, during 
the whole period of experiment. 

In deep soils that extend beyond the ordinary for
aging limits of plant roots, the conditions will undoubt
edly be quite different. (See the later reports of these 
investigations. ) 

Table No. 32 shows the actual per cents that were 
lost at the different soil depths, in the experiments ar
ranged in table No. :·n. Its value is th?"t it brings out 
more clearlv the actual amounts of water lost in each 
soil section: 

TABLE NO. 32.- LOSS OF SOIL 1--[OISTURE FROM VARIOUS 

DEPTHS AND AT DIFFERENT TL\1ES AFTER IRRI-

GATION. 

Days 
after Numbf!r . Percentag-e of water lost. 
irriga- of 0- 3 3- 6 6- 9 9- 12 12- 24 24- 36 
tion trials in. in. in. in . in. in. 

I 

Corn. 
1-8 6 13.69 9.90 9.79 4.55 4.75 3.92 
8-3 6 0.24 2.36 0.66 0.47 0.57 0.36 

Potatoes. 
1-5 5 9.63 3.85 5.13 2.42 263 
5-9 5 4.30 2.78 3.('6 3.25 2.01 
9-12 5 0.51 2.27 1.48 1.51 2.78 

12-J9 5 1.89 4.31 2.58 1.48 0.52 
19-23 5 0.31 0.36 1.03 1.40 2.16 

Wheat. 
1-9 4 9.07 6.95 681 5.84 2.56 
9·16 4 5.84 5.50 3.49 4.03 6.65 

16-23 4 2.60 2.31 4.16 2.87 · 1.95 . 

t ·9 2 12.30 9.03 6.30 8.32 
9·16 2 9.48 8.23 7.17 5.42 

16-19 2 0.15 1.17 2.28 1.89 

The more important fact brought out by this table 
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is that soon after irrigation, the top three inches and 
upper sections lose most water, while, later, the lower 
sections lose as much or more. This truth is empha
sized especially well in the wheat plats. . 

The data obtained do not show any marked move
ments of water from the lower to the upper portions of 
shallow soils. That such movements do occur is un
questionable, but their effect is overshadowed by the 
direct action of roots on the soil moisture. 

25. THE EXTENT TO WHICH SOILS AN DRY OUT. 

Closely connected with the discussion of the pre
ceding section is the question concerning the extent to 
which soils can dry out. In table No. 33 is summar
ized the data obtained by examiping the soils of a large 
number of plats, which had not been irrig'ated for 
twenty to thirty-nine days. Owing to occasional rain
falls which wetted the upper layers of soHs and thus 
interfered with the normal drying out, no r sults are 
presented from irrigations that occurred later than 
July 20th. . 

T ABLE NO. 33.- THE EXTENT TO WHICH SOILS DRY OU T. 

Date Depth Days Number 
Percen tage of water. 

of of soil after of 0- 3 3 -n 6- 9 9- 12 12- 24 
irrig 'ation inches irrig. trial s in. in. in. in. in. 

Wheat. 
June 8·10 25 39 4 3.48 4.34 5.02 5.45 5.75 
Jul y 5,6,11 25 21 3 3.61 6.52 6 .58 6.50 7.68 

Corn. 
June 29 42 20 2 4.46 8.08 10.03 9.84 12.71 

Potatoes. 
july 26 29 24 6 4.93 7.69 8.55 9.44 9.56 
July 20 31 21 5 4.83 5.87 6.83 7.19 7.82 

Sugar beets. 
June 14 30 24 6 4.13 7.46 8.59 9.26 11.66 

As shown by table No . 3:i, the upper three inches 
conta.in from 3.48 to 4.93 per cent of water, twenty or 
more days after irrigation. When twenty days have 
elapsed from the time of last irrigation a few lnore 
days do not affect materially the per cent of moisture 
in the upper three inches. The second three inches 
contain from 4.34 to 8.08 per cent of water; and the 
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amounts vary in general with the amounts in the top 
soil. The third three inches contain from 5.02 to 10.03 
per cent of water; the fourth three inches, from 5.45 to 
R84 per cent, and the second foot froln 5.75 . to 12.71 
per cent. There. is, then, a gradual increase in the. 
water content in soHs from the top to the lower-layers ,. 
many days after irrigation. The figures of this table· 
may be taken as repres~nting the maximum of dryness 
in shallow soils, after ordinary irrigations. 

The question now naturally presents itself, to what 
extent is it possible for soils to dry out? To obtain 
some information on this subje~t the data gathered 
from the arid farm plats were examined. These plats 
were sown to wheat in the fall of 1900, and received no 
irrigation the following spring 1)1' sumIner. The soils 
were sampled on July 17th, with the average results as 
shown -in the following table . 

TABLE N O. 34. - THE E XTENT TO WHICH SOILS 'AN DRY 

OUT. 

Wheat (NJ irrigation.) . 

Time of I Depth of I Percentage of water. 

sampling s ) il inches 0- 3 in. 3 -6 in . 

I 
6-9 in. 9- 18 in. 1'8-22 in. 

July 17th 22 1 2.13 3.81) 4.11 5 04 4.13 

1 u-9 in 9- 18 in. 118-22 in . 1=== - - ------
I I July 17th 2~ 3.72 547 4.63 I 

The upper three inches contained 2.13 per cent of 
water on July 17thi the maximum water content of any 
section of this soil was 5.04 per cent. In another set,. 
the per cent of water in the first nine inches was 3.72, 
while the maximum for any section was 5.47. It is in
teresting to observe that the section 9- ] 8 inches deep 
contained a higher pel' cent of water than did the soil 
above or below it. Why this is so, is not evident. 

We. may conclude from these results that unde r the 
climatic conditions that prevailed at Logan during the 
summer of 1901, it is impossible to dry the upper three 
inches of soil in the field so much that it contains less 
than two per cent of water; and it may be as safelyas
serted that the second foot will not be dried beyond an 
amount represented by four per cent of water. 
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26. THE LOSS OF WATER IN F URROW IRRIGATION. 

In the discussion of the lateral movements of 
water, it was delnonstrated that the soil under the fur-

. row is always wetter, just after an irrigation, than is 
the soH under the row. It was further shown there 
that the difference between the per cent of water in 
rows and furrows became smaller, as the depth increas
ed. The question concerning t.he part of the soil which 
loses moisture most rapidly is partly answered by the 
data of the following tables. 

TABLE NO. 35 .- LOSS OF SOIL MOISTURE FROM ROWS 

AND FURROWS . 

( Between Irrigations. ) 

' ..... (1) • t: g 0 . IInitial per cent of Weight of water 'oc/
fl 

II:! := ~.~ ~ ~ water. lost. l bs. per sq. ft. 
~ .... 
(l).c rJl 'oll .0.;:: Amount of loss in > .... >, .... E .... 

I Furrow 
<0- rd t ::x 

Furrow Row furrow over Q" 
~.!:: Z Row row. '0 

Ibs. - -- " I . Corn - - -
20 18 5 21 .43 20.48 9. 17 8 .20 0 .97 
20 14 6 18.00 21.24 10.27 13.32 3.05 
18 39 3 17.44 22 44 14.50 20 .17 5 .67 - - -

8ugar beets. 23116 5 11.24 15.93 5 .88 14.91 9.03 
25 25 1 6 .32 16.23 0.82 19.91 1909 

59
1

1, 

Potatoes 
1 12.73 H .89 n .77 14.81 2.04 

59 49 1 · 13.10 15.11 17.32 28.08 10.76 

In table No. 35 the losses of water from rows and 
furrows, during the interval between irrigations, are 
given. For comparison, the per cents of water · just 
after irrigation are also given. It is strikingly evident 
fvom this table that the furrows lose more water than 
do the rows. This seems to be in accordance with the 
law already established that the loss of S9il moisture 
is in direct pY'oportion to the initial per cent of water 
in the soil. The first line under the corn section shows 
a slightly greater loss by the row than by . the furrow; 
but it i~ also to be observed that, owing probably to a 
low row and con equent flooding of the whole area, 
the initial per cents of water in the row and furrow are 
almost identical. 
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Since the law of the greater loss in the furrow has 
been established, it is of interest to learn to what ex
tent the furrow and the row are drained of their moist
'ure . 
'TABLE NO. 36.-PER CENT OF WATER IN ROWS AND FUR

ROWS, 

After Irrigation . 

Aver<llfe dep th i .... 
of SI il. 1\umber of 

One day after Sixteen days after. 

( inche~. ) trials. Row F'Urrow Row Furrow 

I '. 
20 12 14.74 18.49 9.10 I 9 .39 

Table No. 36 is based on twelve observations made 
·one. and sixteen days after irrigation. Just after irri~ 
gatlon the furrow contained 3.75 per cent more moist
ure than did the row fifteen days later there was a 
difference of only 0.29 per cent. The plant roots seem, 
therefore, to be able to draw moisture from row and 
-fur:row with equal facility; but the rate at which water 
is taken from the furrow is greater than that with 
which it is taken from the row; in sixteen days the rate 
is practically the same. 
TABLE NO. 37.-LOSS OF SOIL MOISTURE FROM ROWS AN D 

FUR ROWS. 

( During different period s after irrigation. ) 

Average Weight of water Amount of 
depth of Days after Numb er of lost lbs. per sq. ft . loss in furrow 
soil in. irrigation trials over row.lbs. 

Row 

I 

Furrow 

20 1- 4 4 5.24 6.64 1.40 
5-7 4 4.55 6.69 2.14 
8- 11 4 3. 14 1.84 1.30 ----
1-7 6 5.30 11.45 6. 15 
8- 14 2 604 5.78 0.26 

l5- 2 l 2 10.37 7.95 2.42 
22-28 2 454 686 2.32 
29- 35 1.83 139 0.44 

Table No. 37 shows the times after irrigation when 
the loss of soil moisture from rows or furrows occurs 
most rapidly. During the first week the loss .from the 
furrow over balances that from the row; during the 
second week, the row loses slightly more than the fur -
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row. During the later weeks the loss i irregular, 
falling most heavily, first on the row, then on the fur
row, and then on the row again. These later results 
are based on only two observa1 ions, and may be taken 
to mean that, when the per cent of moisture is about 
the same in row and furrow the loss of water from row 
and furrow is about the same. It may be that sets of 
rootlets from one plant alternate in providing the plant 
with moisture. 

It may be concluded safely, from the data of this 
table that soon after irrigation the furrow loses more 
moisture than the row; but that, later, the row and fur
row lose about the same amount of water in the same 
interval of time. 

TABLE NO . 38.-PER 'ENT OF WATER IN ROWS AND FU ROWS 

AT DIFFERENT DEPTHS AT DIFFE ENT TIMES AFTER 

IRRIGATION. 

... = 'E CIlO 
~~ ... '" 
(fj(fj .8.~ 0-3 inches 3-6 inches 6-9 inches 9-12 inches 12-20 inches ",b4 ~ .. >.;i: Rows Furrows Rows Furrows Rows Furrows Rows Furrows Rows Furrows (fj ... ;Z; A '-

1 6 12.45 24.77 1208 21.23 1560 18.35 1651 17.52 14.83 18.70 
3 5 11.01 15.17 13.15 14.85 15.48 15.49 1524 1468 14.21 14.96 
8 6 6.86 8.44 9.99 10.76 10.75 11.07 11.71 10.89 8.70 10.53 

11 4 6.66 6.99 10.89 9.22 8.74 9 .14 9 .49 10.12 9.54 11.21 
14 4 666 9.40 7.11 9.25 875 8.47 9.42 9 14 9.23 8.76 
19 4 11.53 12.10 11.08 11.07 9.98 9 .16 10.55 8 .16 9.21 7.85 
22 
27 
30 
33 

2 11.25 12.97 9.85 11 . .30 9.54 9.94 933 8.18 7.81 7.58 
2 7.15 7.33 7.04 6.49 7.84 750 873 7.18 9.76 6.87 
2 4 83 6.58 6.13 6 .76 655 7.10 694 730 7.24 6.33 
2 5.29 5.90 5.59 6.36 6.83 6.50 7.94 660 645 5.87 

Tabl No. 38 has been arranged to show the 
actual per cent of water in rows and furrows at differ
ent soil depths and at different times after irrigation. 
During the third week, rain f~ll , which occasioned the 
irregularities observed from the 14th to the 22nd day 
after irrigation. 

In the upper three inches the per cent of ,vater is 
always higher in the furrow than in the row though 
the difference is very small after the second week. 

In the next three -inch section (3-6) the furrow is 
wetter than the row during the first two weeks; after 
that time the row is sometimes wetter than the furrow, 
which may be taken to indicate that the per cents of 
water in row a~d furrow are nearly equal. 
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The third three-inch section (6- 9) shows the same 
relation, except that, in the late!' periods, the row is 
more frequently wetter than the furrow. 

In the last three-inch section (9- 12) the furrow is 
wetter than the row, the first day after irrigation; but, 
from that time on, the row contains a higher per cent 
of water than does the furrow. 

The next eight inches (12- 20) contain lnore water 
in the furrow than the row, the first eleven days after 
irrigation, from that time on the row contains Inore 
water than the furrow . The general result from this 
table is , that ju::st after irrigation, the furrow contains 
more water than the row, down to twenty inches , the 
limit of the soil deoth; that, as the time after irrigation 
increases, the per cents of water in row and furrow be
come more nearly equal, and that two weeks or more 
after irrigation, and especially in the lower soil layers , 
the row contains more water than does the furrow. 

In the table which 'follows, the data of table No. 
38 have been arranged so as to exhibit the actual per 
cents of water lost from the different soil sections, at 
different times after irrigat~on . 

T A BLE NO. 39.- LOSS OF PER CENT OF S OIL M OIST URE F ROM 

VARIOUS D E PTHS A N D A T DIFFER E NT TIME S AFT ER 

IRRIG~ TION . 

.... 
~ <1>1'1 

1;iB ~~ t1j .0 .-
0-3 inches 3-6 inches 6- 9 inches 9-12 inches 12-20 inches ~.~ S-P 

.s Row Furrow Row Furrow Row Furrow Row Furrow Row Furrow ~ .~ Z 

1-3 6 1.44 9.60 1.07 6.38 0.1 2 2 .86 1.~7 2.84 0.62 3.74 
3-8 5 4.15 6 .73 3.16 4.09 4.73 4.42 3.53 3.79 5.51 4,43 
8-11 6 0 20 1.45 0.90 1.54 2.01 1.93 2.22 0.77 0.84 0.68 

11-14 4 O. (JO 2.41 3.78 0.03 001 0.67 0.07 0.98 0.31 2.45 
14-19 4 4.87 270 3.'-7 1.82 l. 23 069 1. 13 0.98 0.02 0.91 . 
19-22 4 0.28 0.87 1.23 0 43 0.44 078 1.22 002 1.40 0.27 
22-27 2 4.10 5. 64 2.81 5.01 1.70 2.44 0.60 1.00 1.95 0.71 
27-30 2 2.32 075 0.91 0.27 1.29 OA() 1. 79 0.12 2.52 0.54 
30-33 2 046 0.68 0.54 0.40 0.28 0.60 100 0.70 0.79 0.46 

The conclusions that may be drawn from the table 
are, of course, the same as those that may be obtained 
from table No. 25; but table No. 26 sh9wS with greater 
force that soon after an irrigation the furrow loses 
much more water than does the row; and that, after 
ten to fourteen days when ·the amount of water in row 
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and furrow is about the same, the loss of water from 
them is also nearly constant. These observations em
phasize, mainly, the law that the rate of loss of soil 
moisture varies directly with the per cent of water. 

The question asked by the practical farmer is: 
With a given amount of water, by what method of ap
plication can the largest yield of crop be obtained? 
This question is quite fully answered in a later section; 
yet it may be well to point out the probable answer, as 
indicated by the soil moisture studies. To apply a 
given 'amount of water by the furrow method to a plat 
of definite size. requires longer time than to apply the 
same amount of water to the same plat by flooding.· 
This, then, means that the soil in the furrow is kept 
very wet for a relatively long tim,e . 

In any ~ase, the soil in the furrow is much wetter 
than the soil over the whole plat would be; if the flood
ing me'thod 'were followed. FraIn the wet furrow, by 
the laws already established, water will be lost much 
more rapidly than from the row; and if the effect per 
per cent of soil moisture, should happen to be greater 
when the soil is wet, than when it is drier, it is prob
able that the furrow method of irrigation would cause 
the greater loss of soil nloisture. Even, should this 
suggested quantitative relation not hold, the fact of 
th longer application of water by the furrow method 
would tend to a greater loss of soil moistu~e. Future 
work will throw light on this subject. Meanwhile, it 
may be said, that in all probability furrowing is gener
ally followed in districts where water isscarce,because, 
by that method small amounts of water can be made to 
cover larger areas of land, since, as will be shown here
after, the duty of the first few inches of water-:.is much 
higher than that of the later. 

C. IRRIGATION VERSUS GROWTH AND COMPOSITION 

OF CROPS. 

The chemical portion of the experiments on irri
gation naturally fell into two divisions. First, an at
tempt was made to follow the chemical life histories of 
plants grown with different amounts of water; .and, 
secondly, chemical analyses were made of all the crops 
raised on the irrigation plats. 
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27. - IRRIGATION VS . CHEMI AL LIFE HISTORY. - INTRO

• DUCTORY. 

For this study three plats were sown to wheat, 
three to peas, and three to sugar beets. It became 
apparent, early in the season, that soil ~onditions would 
make the results from the sugar beet work unreliable, 
and this part of the investigatiqn was, therefore, 
abandoned. The experiments with wheat and peas 
were continued and finished with no serious interrup
tion. 

The wheat was grown on plats 334, 335 and 336 and 
the peas on 337, 338 and 339. The amounts of water 
received by these plats and the times of application. are 
shown in the following table. · 

TABLE NO. 40.-TIMES AND AMOUNTS OF IRRIGATION. 

June 11th 
June 25th 
July 8th 
July lith 
July 16th 
July 26th 
July 30th 

Total 

Illches of water applied to plats. 

No. 334 No. 335 Nv. 336 No. 337 I No. 233 No. 339 

4.50 

3.58 

8.08 

6.19 
5.00 

5.85 

17.04 

9.50 
8.15 
7.50 
3.73 
5.50 
4.57 
1.04 

39.99 

5.14 

4.97 

10.11 

8.00 
7.52 

6.98 

22.50 

1O.'J9 
9.00 
7.50 
3.87 
5.50 
3.63 

39.69 

The plats were laid off in small squares, 12 feet to 
the side, several of which were cut at regular inter
vals. The total green weight on each square was ac
curately determined; and, at the same time, samples 
of the whole plant, and leaves, stalks and heads, were 
placed in Mason fruit jars, sealed, and taken to the 
laboratory for moisture determin.ations. Later, a large 
portion of the crop was separated into leaves, stalks 
and heads, and each portion subjected to complete 
chemical analysis. By this method, full data were ob
tained, concerning the growth, total weight and com-
position of the whole plant and its parts. . 

Five cuttings were made of the wheat, namely on 
June 22nd, July 5th and 18th, and August 1st and 23rd. 
Three cuttings were made of the peas, on June 27th, 
July 20th and August 14th. 
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Unfortunately, the plats chosen for this work were 
very unequal in depth, and besides, contained streaks 
of gravel. These facts affected the work unfavorably 
in two ways. First, the plats which received least 
water were the deepest, and those that received most 
water were the shallowest. Since the water holding 
capacity of the deep plats was, of course, the highest; 
the small applications of water on these deep plats 
were almost as good as heavier applications on the 
shallower soils. The result was that the differences in 
growth, due to unequal irrigations, were largely obli
terated. In addition, some irrigations were so heavy 
as to saturate or over saturate some of the shallower 
plats. 

TABLE NO. 41.-DEPTHS OF PLATS. 

Number of plat. . . . . . . . . . . . 334 335 336 337 338 339 

Depth in inches ........... 49 24 19 44 23 25 

Inches necessary to saturate 20 8 8 18 9 10 

The gravelly streaks caused uneven growth and 
ripening, which made fair averages of the crop almost 
impossible. 

For these reasons, the results are not of the high
est value, yet sufficiently important, it is believed, to 
warrant their introduction into this bulletin. Those 
who have experience in such work, know that the in
herent difficulties are very great, and that when soil 
variation and other disturbing 'factors must be con
sidered, it is almost impossible to obtain exact results. 

28. THE PERCENTAGE OF WATER. 

The following table shows the per cent of water 
in thQ green wheat plant and its parts, at different 
periods of growth, and with unequal irrigations. The 
whole plant and the plant parts represent two ,(sets of 
samples. 
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TABLE NO. 42.-PER C&NT OF WA TER IN WHEAT. 

Date No. of plat Whole plant Leaves Stalks Heads 

334 71.25 71.78 78.83 83.02 
June 22nd .335 79.50 72.76 82.63 78.11 

336 77.37 72.26 78.62 '74.57 

334 68.12 60.68 77.28 67.21 
July 5th 335 72.49 66.39 74.03 70.13 

336 74.48 83.93 76.98 76.25 

334 47.43 1060 44.05 49.79 
July 18th 335 54.64 25.35 5554 54.09 

336 61.93 26.85 63.19 58.33 

334 10.~8 7.98 23.46 8.01 
August 1st 335 17.51 6.47 24.73 13.41 

336 47.56 12.08 57 .. 54 32.69 

334 13.38 9.91 7.64 29.34 
August 23rd 335 15.CO 14.27 747 13.87 

336 17.95 10.01 35.71 11.69 

On every date, excepting June 22nd, the whole 
plant on the plats that received the heaviest irriga
tions, contained the most water. The difference varied 
from less than two, to nearly forty per cent. In the 
leaves and stalks the variation is more irregular, though 
the tendency is strongly the same as in the whole plant. 
The per cent of water in the heads, excepting the first 
and last cuttings, varies markedly with the amount of 
water applied to the soil. 

Table 43 shows the percentage of water found in 
the various cuttings of peas. 

TABLE NO. 43. - PER CENT OF WAT ER IN PEAS. 

Date No. of plat Wh?le plant Leaves Stalks Heads 

337 88.83 84.38 88.92 87.12 
June 27th 338 88.58 89.09 88.40 87.38 

339 b7.66 86.22 S7.84 87.27 

337 80.32 75.72 79.13 75.62 
JUly 20th 338 83.16 84.15 80.75 80.89 

339 84.15 85.(J1 ~.63 82.81 

337 53.82 35.78 65.46 38.21 
Augu~t 14t h 338 35.44 16.05 37.51 8.52 

339 44.57 57.03 75.16 23.14 
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Wit} ~ the peas, the coincident variation of amount, 
of water applied, and per cent of moisture in the whole 
plant does not occur. The leaves, stalks and heads. 
likewise fail to show a regular variation of the kind 
observed with the wheat plant. True, the tendency of 
the variation in the plant parts , seems to be the same 
as that observed in the wheat, but the exceptions are 
too numerous to allow definite conclusions to be made. 
Considering the data in tables 42 and -:13 it may be safe 
to assert that, in general, the percentage of water in 
plants and their parts , increases, as the per cent of 
water in the soil increases. The authors are inclined 
to the belief that, with uniform soil conditions, the 
variation would be more regular d.nd definite. 

29. THE RATE OF GROWTH. 

The total yield of dry matter as affected by irriga
tion is considered under another heading in this bulle
tin; and the data obtained in, the experiments with 
wheat and peas will be inserted simply as a matter of 
reccrd. 

TABLE NO. 44.-TOTAL DRY lv.lATTER IN WHOLE PLANT, 

(WHEAT.) 

(Pounds per acre.) 

Number of plat : ......... . ..... . ...... . . . 

June 22nd ................. . ...... . .... . 
July 5th ................................ . 
July 18th ............................... . 
A ngust 1st ................. " ........ . . . 
August 23rd . . .......................... . 

334 

2,903 
4,756 
4,245 
5,053 
4,062 

335 

1,995 
4,759 
4,903 
5,408 
4,353 

336 

2,452 
4,331 
5,566 
6,008 
4,375 

Certain irregularities appear in the above table 
which are due to the variation in soil composition and 
depth already mentioned. The most striking of these 
irregularities is the yield from plat 334, on July 18th, 
which is 511 pounds less than .the yield on the same 
plat two weeks earlier. With this exception the suc
ces1sive yields on the plats are quite regular. 

On June ~2nd, plat 334 had received 4.50, plat 335, 
6.19 and plat 336, 9.50 inches of water. The total 
yields on this date do not vary with thE water applied. 

When the moisture in the soil is above a certain 
definite per cent, the young plant is not markedly af
fected by larger applications of water. As the plant 
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grows older, and more water is required by transpira
tjon, the lower limit of sufficient soil moisture. is 
reached, and the plant responds quickly to increased 
applications of water. This is well shown by the yields 
on July 18th and August 1st, which stand in the order 
of thE: amounts of water that have been applied. 

A large loss occurred between August 1st and 23rd 
caused in part by over-ripe leaves and heads falling to 
the ground, and in part by the tranference of nutritive 
material from the leaves and stalks to the roots. 

The results obtained from the work with peas are 
shown in table No. 45. 

TABLE NO. 45.-TOTAL DRY MATTER IN WHOLE PLANTS. 

(PEAS.) 

(Pounds per a.cre.) 

Number of plat. ..... . .............. . 

June 27th ................. . ......... . 
July 20th ........................... . 
August 14th .............. . ......... . 

337 

1,172 
1,468 
1,924 

338 

1,322 
3,326 
1,980 

339 

1,019 
2,228 
2,171 

The data found in this table are so irregular that 
conclusions of high value cannot be d~awn from them. 
Later reports of these investigations will throw more 
light on this subject. 

30. THE PROPOR TION OF LEAVE S, STALKS AND H EADS. 

The question of the relative development of plant 
parts under different · systems of irrigation, i~ fre-

. quently discussed. It is held by many that crops grown 
with small quantities of water are more stalky than 
those that have been irrigated more abundantly. 
Others again hold the opposite view. Then, again, it 
is asserted that the less the water applied, the heavier 
are the heads as compared with the stalks and leaves. 
In the following tables, some light is thrown on these 
questions; though it must be distinctly understood that 
future work may modify, very "largely, the conclusionE 
here arrived at. 
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TABLE NO. 46.-PROPORTION OF LEAVES, STALKS· AND 

HEADS. 

(Wheat . ) 

Per cent. Total weight per acre Ibs. 
.-

Number of plat 334 335 336 334 335 336 

June 22, Leaves 44.50 38 .50 43.46 1295 768 1066 
Stalks 52.90 . 53.40 47 .86 1536 1066 1174 
Heads 2.50 8.08 8.68 73 161 213 

July 5, Leaves 3641 29.92 37.19 ' . 1732 1424 1611 
Stalks 4480 52.62 46 . 70 2131 ~504 2023 
Heads 18.79 17.46 16.11 894 831 698 

July 18 Leaves 19.76 20.21 19.27 818 991 t073 
Stalks 44.68 42.95 49.19 1896 2J06 2738 
Heads 36.07 36 :'84 31.54 1531 1806 1755 

August 1 Leaves 14.46 12.97 ]1.83 731 701 711 
Stalks 45.16 45.53 39.84 2282 2462 2394 
Hedds 40.38 41.50 48.33 2041 2244 2904 

Aug. 23 Leaves 9.83 10.76 11.18 399 468 489 
Stalk::, 43 43 44.16 34.67 1764 1922 1517 
Head!" 46.74 45.08 54.15 I 1899 1963 2369 

Considering the heads first, the 'above table shows 
that on June 22nd, the proportion of heads was small
est on plat 334, which received least water. On July 
5th, however, the proportions in the three plats were 
nearly the same, although the largest was found on 
plat 334, and, on July 18th, the proportion of heads on 
plat 334 was much higher than on plat 3:)6, whic.h re
ceived most water, and nearly as high as on plat 335, 
on which _the intermediate amount of water was applied. 
On August 1st, the time at which the crop should have 
been cut for grain, plat :-3:-)6 contained the highest pro
portion of heads, while t he proportions on plats 334 
and 335 were nearly t he same. 

All this probably indicates that in the early stages 
of the plant's growth the relative proportion of heads 
is not affected to any great degree by diff-erent amounts 
of water, while, toward the end of the growing season, 
the plants that have received most water have a some
what higher per cent of heads. This may, in a large 
measure, be due to the earlier ripening of the crop 
which receives less water, and which results in an ear-
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lier filling out of the heads; and not to any specific in
fluence of water upon the plant. 

The total weights of heads per acre, though in
teresting in themselves, do not furnish data that con-
tradict this explanation. - -

A study of the proportion of leaves and ' stalks, 
.fails to show any marked, regular variation due to the 
,different amounts of water applied to the crops. The 
proportion of leaves on the plants from plat 334, is 
higher, in three out of five cuttings, than in the other 
two plats. In t,he other two cuttings, the difference 
is very small. This points to the smaller proportional 
leafiness of plants grown with large amounts of water. 
The variation, however, is not regular; and the con
{3lusion can only be received tentatively, pending fur
ther investigations. 

Another method of studying leafiness as affected 
by water, is to omit the heads altogether and to con
sider the leaves and stalks o:o.ly. This has been done 
for the wheat plats (334- 336) in table No 47. This 
table shows for each date and plat the number of parts 
-of stalks for one part of leaves. 

'TABLE NO. 47. - PARTS OF STALKS FOR ONE PART OF 

LEA YES. (WHEAT. ) 

Date ...... _ . _ ...... ___ ... . . . . . . ... Plat 334 1?lat 335 Plat 336 

June 22nd ......................... . 
July 5th ___ . .. ___ ... _ ..... ... _ ... .. . 
July 18th .... _ ... __ .... __ .... ___ .. . 
Aug. 1st. ................. . ....... . 
Aug. 23rd .......... . ..... _ . . . . .. .. 

1.19 
1.23 
2.26 
3.12 
4.50 

1.39 
1.76 
2.12 0 
3.51 
4.10 

1.10 
1.25 
2.55 
337 
3.10 

This table, like table 46,shows the slightly smaller 
stalkiness of plat 334. The only exception occurred on 
AUg-U3t 23rd, three weeks after the proper harvesting 
time. -

The data obtained for peas, on the proportion of 
lea.ves, stalks and heads, are presented in table No. 
48. 
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TABLE NO. 48.-PROPORTION OF LEAVES, STALKS AND 

HEADS. (PEAS.) 

Per cent. ITotal weight per acre. I/bs. 

Number of plat 337 338 339 337 338 339 

June 27 Leaves 61.03 50.16 53.65 715 663 547 
Stalks 36.98 46.40 43.28 433 613 .... 1 
Heads 1.99 3.44 3.07 23 45 31 

July 20 Leaves 35.64 23.69 30.28 523 788 675 
Stalks 32.49 27.66 27.40 477 920 610 
Heads 31.87 48.65 42.32 468 1618 9 .. 3. 

August 14 Leaves 22.48 18.92 19.11 432 375 415 
Stalks 33.26 28.12 18.76 640 557 407 
Heads 44.26 52.% 62.13 852 1049 1349 

A study of this table witt reference to the develop
ment of the heads, proves that the proportion of heads 
was highest on the plats which received most water. 
As the ripening period was approached the truth of this 
statement became more and more apparent. 

It is equally evident, from this table, that plat 337, 
which received least water, carried plants which in
variably contained a higher proportion of 'leaves than 
did the plants from the plats which received more 
water. However, a1ter the first cutting, the crop on 
plat 337 contained a higher proportion of stalks than 
did the plants from the other two plats. This is due 
to the great effect of different amounts of water on the 
development of the heads. 

To bring out the actual relation between leaves 
and stalks, therefore, table No. 49 has been constructed. 
It is similar to table No. 47; and shows the parts of 
stalks for one part of leaves. 

TABLE NO. 49.--PARTS OF STALKS FOR ONE PART OF 

LEAVES. PEAS. 

Date. . . . . . . . . . . . . . . . . .. . .. ...... Plat 337 Plat 338 Plat 339 

June 27th . .. ......... ,.. . . . . . . . . . 0.61 0.93 0.81 
July 20th...... ... ....... . .. .... 0.91 1.17 0.90 
Aug. 14th. . . . ... . . .. . . .. . . . . . . . . . 1.48 1.48 0.98 
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During the earliest period of gJ owth, the crop that 
received least water contained the highest proportion 
of leaves; at the second cutting the difference was 
smaller, and, at the third, plats 337 and 338 were alike 
in the relative amount of leaves /and stalks, while the 
crop on plat 339, which received most water, contained 
the lowest number of parts of stalks for each part of 
leaves. Here, again, it must be remarkeJ that since 
the crop with least water ripens earlier than crops with 
heavier irrigations, the cutt.ings made are not strictly 
comparable, and, therefore, the late cuttings on the 
wet plats should be compared with the early cuttings 
of the dry plat. 

The general conclusions that seem warranted by 
the inv~stigation of the relative development of the 
plant parts is, that large irrigations tend to produce 
plants with high proportions of heads and stalks; and 
small irrigations tend to yield plants with a high pro
portion of leaves. 

31. THE CHEMICAL COMPOSITION OF THE HEADS. 

The chemical composition of the whole plant will 
depend upon the chemical compositIon and relative 
proportion of its parts. In table No. 50 will be found 
the analytical results obtained with wheat heads. 

TABLE NO. 50. - THE PERCENTAGE COMPOSITION OF 

WHE AT HEADS. 

No. of 
Date plat Ash 

334 4.69 
June 22 335 4.69 

336 4.69 

334 5.66 
July 5th 335 7.17 

336 7.16 

334 5.45 
J.1, 18 335 6.52 

336 9.'2.7 

334 5.32 
Aug. 1st 335 6.93 

336 4.84 

334 4.39 
Aug. 23rd 335 5.07 

336 8.81 

Protein 

13.04 
15.83 
13.04 

9.45 
12.43 
13.14 

11.28 
10.24 
12.24 

13.34 
9.97 

10.61 

10.14 
12.32 
12.22 

Ether Crude 
extract fibre 

1.97 23.79 
1.88 22.73 
2.26 39.94 

2.17 31.64-
2.29 42.16 
2.54 22.05 

2.16 21.11 
2.00 20.33 
2.30 17.78 

1.74 14.44 
1.88 11.09 
1.71 14.29 

1.87 14.85 
1.83 14.87 
1.96 13.08 

Nitrogen
free 
extract 

56.51 
54.87 
40.07 

50.98 
35.95 
55.11 

60.00 
60.91 
59.41 

65.16 
70.13 
68.55 

68.75 
65 .91 
63.93 
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The per cent of ash on four out of the five dates, 
,was higher in the heads grown on plats 335 and 336, 
which received most water, than in those grown on 

' plat 334. On August 1st, the heads taken from plat 
336 contained the smallest percentage of ash; though 
those from plat 335 contained more ash than the heads 
from plat 334. The Ct nclusion seems warranted that 
,the percentage of ash in wheat heads increases with the 
increase in the amount of water applied. 

The low~st percentage of protein was found on 
two dates in the heads from plat 334; on two dates in 
the heads from plat 335, and on .rune 22I?-d , the heads 
from plats 334 and 336, contained the saIne amount. 
The highest percentage of protein was found on three 
dates in the heads from plat 336; once in those from 
plat 335, and once in those from plat 334. While the 
data are somewhat conflicting. yet it may be concluded 
that the larger applications of water tend to increase 
slightly the percentage of protein in wheat heads. 

Though the differences are small, there is a dis
tinct increase in the percentage of ether extract in 
wheat heads with the increase in the amount of water 
applied. 

The crude fibre appears to be smallest on the plats 
which receive most water. There are some very 
marked exceptions to this rule, however, that can not 
now be explained satisfact9rily. 

The percentages of nitrogen-free extract are so ir- . 
regular that no definite law can be drawn from them. 

As a general conclusion it may be said that wheat 
heads grown with different amounts of water, possess, 
approximately, the same composition. 

Table No. 51 gives the composition of the pea pod 
on plats 337,338 and 339. The flowers from the cut
tings on June 27th were not sufficient in quantity for 
analysis. 
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TABLE NO. 51. - THE PERCENTAGE COMPOSITION ,OF PEA 

PODS. 

Nitrogen-
No. of Ether Crude free 

Date plat Ash Protein extract fibre extract 

337 5.21 26.28 1.80 19.27 47.44 
July 20th 338 4.27 33.60 1.84 19.45 40.84 

339 5.83 28.44 2.86 19.04 43.83 

337 6.07 JO.93 2.08 14.14 46 . 7~ 
Aug. 14th 338 5.75 28.56 1.86 13.30 50.53 

339 4.62 10.90 2.42 13.71 68.35 

The following conclusions may be drawn from a 
study of this table. 

The percentage. of ~sh becomes smaller as the 
amount of water applied becomes larger. 

In the last stage of growth, the pods grown with 
the smallest amount of water contain most protein. In 
the preceding cutting the reverse holds true. 

The percentage of ether extract is increased by 
a bun dan t irrigation. 

The percentage of crude fibre is increased by with
holding water. 

The data for nitrogen-free extract show no regular 
variation. 

32. THE CHEMICAL COMPOSITLON OF THE STALKS. 

TABLE NO. 52.-THE PERCENTAGE COMPOS ITION OF 

WHE AT STALKS. 
Nitrogen. 

No. of Ether Crude free 
Date plat Ash Protein extract fibre extract. 

334- 8.84 8.31 1.54 31.88 49.43 
June 22nd 335 9.28 10.69 2.07 32.53 4-5.43 

336 10.25 9.23 1.06 34.61 55.85 

334 
July 5th 335 8.76 1231 1.13 45.83 31.97 

336 8.26 9.70 1.18 40.07 40.7' 

334 5.26 4.92 1.11 4576 42.95 
July 18th 335 6.01 4.48 1.07 45.56 42.M 

336 6.37 4.42 1.17 4375 44.28 

334 4.28 2.22 1.40 52.44 39.'* 
August 1st 335 5.24 2.76 0.62 51.84 39.54 

336 6.17 3.53 1.02 47.U7 42.21 

334 5.47 2.96 ',1.37 51.33 38.87 
A ugus t 23rd 335 5.39 3.69 1.69 48.38 40.85 

336 7.82 2.23 1.31 51.16 37.4'7 
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A study of the above table reveals certain varia
tions in the composition of wheat stalks that they may 
be stated as follows. 

The percentage of ash is highest in the stalks from 
the well watered plats. 

,The percentage of protein appears to increase with 
the amount of water applied; but, several deviations 
from this rule occur, which make the conclusion unre-
liable. . 

The percentage of ether extract is not influenced 
tn any regular manner by irrigation. 

Although several irregularities occur, the data tend 
to show that the percentage of crude fibre is decreased 
as the amount of water is increased. 

The nitrogen-free extract appears to increase with 
the increase in the amount of water applied. 

TABLE NO. 53.-THE PERCENTAGE COMPOSITION OF PEA 

STALKS. 

Nitrogen-
No. of Ether Crude free 

Date plat Ash Protein extract fibre extract 

337 9.42 14.87 1.83 32.00 41.88 
June 27th 338 9.93 11.83 1.43 31.21 45.60 

339 9.46 13.56 1.54 33.80 41.64 

337 12.46 11.64 1.49 45.45 28.96 
July 20th 338 8.43 9.34 1.23 41.59 39.41 

339 9.13 8.01 1.27 38.62 42.97 

337 11.27 12.09 . 1.30 36.81 38.53 
Aug. 14th 338 9.66 11.53 1.05 31.21 46.55 

339 10.20 8.00 1.73 48.58 31.49 

Table No. 53 shows that not all of the conclusions 
drawn from table No. 52, with respect to wheat stalks, 
are applicable to pea I stalks. Table 53 justifies the 
following statements. 

The percentage of ash tends to diminish as the 
domount of irrigation water is increased. 

The percentage of protein is highest in the stalks 
from plat 337, which received least water; in two of 
the three cuttings, it is lowest in the stalks from the 
plat which received most water. 

The differences in the 'percentage of ether extract · 
are so small that it is difficult to draw definite conclu-

- sions from them. 
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The percentages of crude fibre are also very ir-
regular in their variation. They are invariably higher 
in plat 337 than in plat 338, but in two cases they are 
.also higher in 339 than in 337. This makes it difficult 
to draw a definite conclusion. 

In general, the relative amount of nitrogen-free 
extract is highest on the well watered plats. 

33. THE COMPOSITION OF LEAVES. 

TABLE NO. 54.-THE PERCENTAGE COMPOSITION OF 

WHEAT LEAVES . 

Nitroge n-
.Date of cut- No. of Ether Crude free 

ting plat Ash Protein extract fibre extract 

334 18.53 15.38 4.57 23.50 38.02 
June 22nd 335 9.52 14.56 1.49 22.44 51.99 

336 ll.99 18.32 4.26 24.23 40.20 

334 1687 12.98 5.30 24.24 40.61 
Jull 5th 335 15.75 14.70 5 .30 23.64 40.61 

336 15.60 16.40 4.65 33.99 29.36 

334 13.79 8.54 2.75 36.20 38.72 
July 18th 335 16.40 7.54 3.22 29.4d 43.44 

336 15.42 8.98 3.54 30.70 41.36 

334 15.~8 4.21 2.10 36.46 41.85 
Aug. 1st 335 15 03 5.29 3.00 37.22 39.46 

336 1471 6.11 2.94 36.80 39.44 

334 14.81 2.59 2.62 30.66 49.32 
Aug. 23rd 335 12.07 3.68 2.02 35.95 46.28 

336 18.24 4.41 1.98 20·66 54.71 

The following conclusions seem warranted by the 
data in table No. 54. 

The percen.tage of ash varies more in wheat stalks 
than in wheat leaves. In three out of the five cuttings, 
the percentage of ash was highest in the leaves from 
plat 334, which had received least water. In one of 
the remaining cuttings, the leaves from plat 334 con
tained more ash than did the leaves from 3:35. It may 
be concluded, therefore, that abundant irrigation tends 
to decrease the percentage of ash in wheat leaves. 

- The percentage of protein is highest in the wheat 
leaves from well watered plats.' 

The ether extract shows no regular variation 
ca.used by varying amounts of i.rrigation water. 



142 BULLETIN NO. 80. 

The percentages of crude fibre show some pecu
liar variations, which are difficult of explanation. 
Probably, the quantity of water applied has little ef
fect on the relative amounts of crude fibre in wheat 
leaves. 

The variations in the percentage of nitrogen-free 
extracts are, in most cases . small and do not appear to· 
be connected with the irrigation. 

TABLE NO. 55.-THE PERCENTAGE COMPOSITION OF PEA 

LEAVES. 

Nitrogen-
Date of cut- No. of Ether Crude free 

ting plat Ash Protein extract fibre extract 

337 11.47 \ 32.93 4.85 11.96 38.79 
June 27th 338 12.73 28.20 9.24 8.60 41.23 

339 11.38 28.70 5.08 9.25 45.59 

337 17.14 19.59 4.70 12.15 46.42 
July 20th 338 15.29 18.43 4.70 12.28 49.30 

339 16.66 2079 5.66 11.55 45.34 

337 18.99 19.22 3.36 13.53 44.90 
Aug. 14th 338 12.79 18.41 3.45 13.63 51.72 

339 15.63 15.94 12.43 14.05 41.95 

Table No. 55, which exhibits the composition of 
pea leaves, leads to the following conclusions. 

The percentage of ash tends to diminish as the 
amount of water applied increases, though the irriga
tion is not very marked. 

The percentage of protein decreases quite regu
larly with the increase in water. 

The data for the ether extract are somewhat ir
regular, but point to an increase with an increase in 
water. 

The percentages of crude fibre differ but little; and 
are not markedly affected by irrigation. 

'.rhe nitrogen-free extract is also irregular and can-· 
not be connected with the amounts of water applied. 

34. THE CHEMICAL COMPOSITION OF THE WHOLE PLANT. 

In tables 56 and 57, the . data obtained for the 
heads, stalks and leaves have been combined, to show 
the composition of the whole wheat and pea plants. 
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TABLE NO. 56.-THE PERCENTAGE COMPOSITION OF THE 

WHOLE WHEAT PLANT. 

Nitrogen-
Date of cut- No. of Ether Crude free 

ting plat Ash Protein extract fibre extract 

334 13.05 11.57 2.89 27.93 44.50 
June 22nd 335 8.99 12.59 1.82 27.84 -48.70 

336 11.01 13.50 259 30 . .55 -42.41 

334 
. July 5th 335 10.56 13.03 2.57 _ 38.55 352-4 

336 10.80 12.75 2.69 34.90 3883 

334 6.98 7.91 1.80 35.02 ·48.28 
July 18th 335 8.29 7.21 1.85 32.99 49.62 

336 9.02 7.76 1.97 33.02 48.17 

334 6.29 6.98 1.63 34.76 50.27 
Aug. 1st 335 7.24 6.06 2.47 33.02 51.18 

336 6.52 7.24 1.56 29.95 54.73 

334 5.87 6.29 1.71 32.73 53.40 
Aug. 23rd 335 5.95 7.56 1.77 31.92 5280 

336 9.51 7.77 1. 73 27.08 54.91 

In studying this and the next table, it must be re
membered that the relative amounts of the plant parts, 
as well as their chemical composition, have entered in
to the calculation of the composition of the whole 
plant. This will explain some of the deviations from 
the rules developed in the preceding sections. 

The '/ariation in the ash in whole wheat is not 
regular, though in the majority of cases the percentage 
or ash increases with the amount of water applied. 

The percentage of protein differs very little; in 
three out of five cuttings the percentage of protein is 
highest in the plants from the well watered plats. 

The variation in the ether extract is very small, 
and does not seem to be connected with the amount of 
irrigation. 

The percentage of the crude fibre is larger, in nearly 
every case, in the plants from the plats that received 
least water. 

There is no regular variation in the nitrogen-free 
extract , 
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TABLE NO. 57.-THE PERCENTAGE COMPOSITION OF THE 

WHOLE PEA PLANT. 

Nitrogen-
Date of cut· No. of Ether Crude free 

ting plat Ash Protein extract fibre extract 

337 10.55 26.37 3.67 19.68 39.73 
J une 27th 338 11.10 1594 5.38 19.75 47.83 

339 10.30 22.48 3.46 20.44 43.32 

337 11.82 19.14 2 .73 25.23 41.08 
July 20th 338 8.02 23.28 2.34 23.86 4250 

339 10.01 20.52 327 22.14 44.06 

337 11.38 2278 2.32 19.02 44.50 
Aug. 14th 338 8.14 21.84 1.92 18.38 49.72 

339 7.76 11.32 4.19 20.30 56.43 
-.- - ---

As already observed under the plant parts, the 
percentage of ash in the whole pea plant varies in the 
opposite direction from that in the wheat plant. The 
plats that received most water, carried plants that con
tained the smallest percentage of ash. 

There is· a very great and unaccountable variation 
in the percentages of protein in the whole pea plant. 
However, the relative amount of protein increases in 
general as the amount of water applied diminishes . 

There are slight indications that the ether extract 
is increasea by large irrigations. 

The percentages of crude fibre are very nearly 
alike and appear to be influenced very little by irriga
tion. 

The percentage of nitrogen-free extract_ becomes 
larger as irrigation increases. 

35. THE CH EMI CAL COMPOSITION OF CORN K E RNE LS . 

The material used in this investigation was ob
tained from the corn plats used in the regular irriga
tion experiments. For details of planting, cultivation, 
irrigation, harvesting etc., see section D. 
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TABLE NO. 58.-PERCENTAGE COMPOSITION OF CORN 

KERNELS. 

Irrigation 1 Water-free substance water Water in Method of 
Plat applied fresh I Ether Crude N-free irriga.tion 

inches substance Ash Protein extract fibre extract 
259 38.00 13.27 1.66 12.99 5.77 1.94 77.64 Flooding 
255 36.53 15.44 1.57 12.05 6 .'74 1.85 77.79 Furrow 
2QO 19.98 12.93 1.51 13.00 6.38 2.40 76.71 Flooding 
256 19.97 13.07 1.60 12.65 6.20 1.98 77.57 Furrow 
257 15.00 10.92 1.68 13.17 6 .06 1.93 77.16 Furrow 
261 15.00 12.39 1.62 13.7916.15 1.89 76.55 Flooding 
262 10.00 11.00 

1 

1.59 113.42 5.39 2.23 77.37
1 

Flooding 
258 7.50 14.01 1.62 15.08 6.02 1.89 75.39 Furrow 
263 None 10.04 1.68 14.52 5.34 2.22 76.24 

Examining the column headed "Water in fresh sub
stance," it is seen that with one exception the percent
age of water varies regularly with the amount of water 
under which the crop was grown; and the less water ap
plied, the less is found in the ripened corn kernels. 

The percentage of ash on the other hand is not 
markedly affected by irl'igation. 

The case of protein is very different. Compara
tively small differences in the amount of irrigation 
water applied, caused corresponding, but inverse, 
changes in the percentage of protein. Plats 259 and 
255, which received an average of 37.26 inches of water, 
yielded corn, containing 12.52 % of protein; while plat 
258, which receivnd 7.50·inches of water, gave corn 
containing 15.08 % of protein. The corn from plats 
which received intermediate amounts of water, con
tained intermediate percentages of protein. 'The corn 
from the plat which received no water,contained 0.50 % 
protein less than did the corn from tlte plat which 
received 7.50 inches. The method of irrigation also 
had an effect upon the percentage of protein, for itwas 
al ways lower in the furrow irrigated corn than in the 
flooded. 

The percentage of ether extract was also affected 
by irrigation. The corn raised on the two plats that 
received most water contained 6.26 % ether extract: 
while the corn grown without irrigation contained only 
5.34 % . The variation was somewhat irregular; yet the 
content of ether extract varied from 6.74 % to 5.34%; 
the higher percentages being found in the corn from 
plats that had received most water. 
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The percentages of crude fibre varied slightly, yet 
Ilot so much that a connection could be established be
tween the variation and the irrigation. 

The percentage of nitrogen-free extract also ap
peared to incr2ase as the amount of irrjgation was in
creased. 

The most striking fact brought out by the study 
of the corn kernel is the great variation in the protein 
content, 'made possible by controlling irrigation. The 
lowest percentage of protein was 12.05, and the high
est, 15.08- a difference of 3.06 %. Dr. C. G. IIopkins, 
in his work on the improvement of t he corn kernel, 
succeeded by careful s election to produce ' two grades 
of corn with a difference on their percentages of pro
tein of 0.99 and 0.70 % respectively, for the crops of 
two years. These differences are small, when com-

. pared with the 3.06 % caused by irrigation. If the high 
and low protein property could be fixed in the kernels 
for only one or two generations, it would work a revo
lution in the production of s eed corn. That question 
must, of course , be subjected to experiment. 

36. THE CH EMI CAL COMPOSITION OF O AT K ERNE LS. 

The material used in this examination was obtained 
from the plats devoted to oats in the regular irrigation 
experiments. For cultural and irrigation data refer to 
section D. The variety used was Alnerican Banner. 

TABLE NO. 59.-PERCENTAGE COMPOSITION OF T HE OAT 

KE~NECL. 

Irriga- In water-free substance. 
tion Water in 

water fresh Nitrogen 
No. of applied sub- I I E;ther C rude free 
plat (inche", ) stance Ash Protei n ex.tract fib re extract 

I 

293 6.98 8.0t) 3 .26 20. 79 3.91 9.02 63.02 
296 12.50 7.63 4.33 17.4l 4.46 12.52 01.27 
294 13.90 782 4.71 17.16 392 8.99 65.22 
295 14.68 7.66 603 17.20 374 1 .... . 75 56 2~ 
297 15.01 807 4.6ij 14.lJ7 4.46 12.6t 64.18 
298 15.00 8.60 4.39 15.17 ' 

I 
4.43 

I 
16.04 

I 
58.17 

299 30.00 8 .40 4.4') 15.49 4.59 H' .92 64.51 
300 40.00 8.62 4.55 15.80 4.56 10.38 64.71 

The percentage of water in the fresh substance is 
highest, in general, in the oats grown on the plats t hat 
received most water. The one exception is fou nd in 
t he grain from the plat t hat received least water. 
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The per c~nt of ash is not affected by irrigation. 
As in the case of corn kernels, the relative 

amounts of protein p,re strongly affected by irrigation. 
The larger the quantity of water _ applied the smaller 
the per cent of protein. The highest and lowest per-
Dents are 14.07 and 20.79- a difference of 6.72%. . 

The fat content is highest on the well watered 
plats, and the variation follows quite regularly the 
amounts of water used. The difference between the 
highest and lowest per cents, is 0.85 %. 

The highest per cents of crude fibre are found in · 
the oats grown on the plats that received intermediate 
a-moun ts of water. 

The nitrogen-free extract is highest on the plats 
that received most water, but the variation is not 
regular. 

As in the case of the corn kernel, the most strik
ing change in the composition of the oat kernel is the 
variation in the protein content, to conform with the 
irrigation. This difference, however, is c,onsiderably 
higher than was the case with the corn. 

37. THE CHEMICAL COMPOSITION OF THE WHEAT 

KERNEL. 

The salnples of wheat used in this study were ob
tained from ~he wheat plats in the regular irrigation 
experiments. For all cultural data refer to section D. 
The variety used was New Zealand. 

• 
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TABLE NO. 60.-PERCENTAGE COMPOSITION OF THE 

WHEA T KERNEL. 

~ = 6.. ci =.0 In water-free, substance 
0. .8 rd· ... • ... ::s C) 

-+oJ 1-0 II) () 
'+-4 rd 1-0 • Q) ~ Nitrogen 0 bcQ)'O -+oJ.s:: rd 

0 .... -+oJ Q) rdll)-+oJ Ether Crude free 1-0 rd· ... ~~II) Z "::li:o.. '+-4 Ash Protein extract fibre extract 

Wheat sown in spring. 

317 4.63 7.70 2.70 26.72 2.37 5.44 62.77 
319 5.14 8.16 3.32 25.11 5.24 3.05 63.28 
320 8.73 8.00 2.74 21.50 5.34 4.54 65.81 
318 8.89 8.50 3.18 21.00 1.91 4.22 69.69 
321 1030 8.47 2.54 19.93 2.09 4.47 70.97 
325 12.09 7.91 3.51 23.02 :!.19 4.99 66.29 
322 12.18 8.00 3.11 24.94 2.14 4.45 65.36 
326 12.80 8.52 2.74 18.58 2.03 3.49 73.16 
327 17.50 7.59 2.79 18.57 2.34 5.88 70.43 
328 21.11 6.80 2.50 16.99 1.97 392 74.62 
329 30.00 8.70 4.50 15.26 1.85 3.19 75.20 
330 40.00 8.01 2.72 18.43 1.94 3.42 73.48 

Wheat sown in fall. 

301-305 
309-313 None 8.49 2.38 19.90 0 .70 3.64 73.38 
306-314 13.79 7.66 2.69 17.08 0.56 3.17 76.50 

There seems to be no regular variation in the per 
cent water held by the fresh substance to correspond 
with the amounts of water applied in irrigation; neither 
does the per cent of ash s;how any definite connection 
with the irrigation. 

The per cent of protein increases very markedly in 
the wheat kernel as the amount of water applied to the 
soil decreases. The plat that received thirty inches of 
water gave wheat containing 15.26 % protein; v-hile the 
wheat from the plat that received 7.70 inches, con
tained 26.72 %. This differen'ce between the wheat 
kernels raised without irrigation and with 13.79 inches 
of water, was 2.82 % . The smaller difference is un
questionably due to the abundant soil water in the fall 
and early spring. 

The variations in the ether extract are very ir
regular. The kernels raised with 5 to 8 inches of 
water contain the hjghest percents of fat . 

The crude fibre is not strongly affected by irriga
tion; though the general tendency is for the per cent 
to decrease, as ~he amount of irrigation increases. 
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The per cent of nitrogen-free extract is highest in 
the wheat from the plats that received most water. 

Here again it may be remarked, that the protein is 
influenced more strongly than any other constituent by 
irrigation. If, as suggested under the discussion of 
the corn kernel, the high protein quality of these 
grains can be retained for one or two generations, with 
abundant watering, a wide possibility is opened for the 
production of seed graiu under arid conditions for hu
mid and well irrigated districts. 'rhis §ubject will be· 
put to experimental test in the near future. 

38. THE CH EMICAL COMPOSITION OF POTATOES. 

The potatoes, the analyses of which are reported' 
in the following table, were grown in the irrigation ex
periments. Full cultural data are given in section D~ 

-The variety used was Early Rose. 

All the samples were also tested for reduc:ing 
sugar and sucrose. Of the former, traces were found 
in all but two of the plats; while of the latter, a trace 
was found only in one sample. 

It is quite noteworthy that the alnount of moisture 
in the fresh potatoes varies little in the different plats. 
Irrigation, in fact, seems to .have little, if any, effec~ 
on the Inoisture content of potatoes. 

The per 'cent of ash does not vary with the alnount 
of water applied. 

As in the case of the grains, the relative amount 
of protein becomes larger as the irrigation becomes' 
smaller. The difference between the maximum and 
minimum per cents js 5.28 % ,-sufficient to affect the 
food value of the potatoes very materially. 
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The variation of the ether extract is very irregu
lar and does not follow the variation in the amount of 

. water applied. 
The crude fibr.e shows a tendency to decrease on 

. the well irrigated plats. 
The per cent of starch, on the other hand, increases 

very regularly with the increased irrigation. The dif
ference between the highest and the lowest per cents 
9f starch was 6.93-quite sufficent to affect the food 
value of the tubers. 

It will be obs~rved that four plats- 257 A, 25BA, 
259A and 261A-received the same amount of water, 
15 inches , through the season. Plats 257.A and 25BA 
-received this amount of water in two irrigations on 
. June 26th and July 20th; while plat 259A received it in 
three irrigations on June 26th, July 20th and August 
Bth; and plat 261A received it in six irrigations, from 
June 27th to August 23rd. The first two plats con-

.tained an aver~'e of 13.00 % protein and 69.90 % starch; 
the next, 12.27 Vjo . protein and 74.93 % starch, and the 
last, 11.B3 % protein and 75.60 % starch. It is quite 
evident from these data that a few heavy irrigations 
produce potatoes rich in protein and poor in starch; 
while many sillall irrigations yield tubers poor in pro
tein and rich in starch. 

Of one fact tu ble No. 61 offers ample proof"namely, 
that little water produces potatoes rich in the llluscle 
forming protein; and that much water produces starchy 
potatoes. For those whose diet is composed, largely 
of potatoes~ it would be best to irrigate lightly; but 
for all ordinary purposes, the well-watered potatoes 
are the best. . 

39. THE CHEMICAL COMPOSITION OF SUGAR BEETS. 

Like the samples of the preceding crops, the sugar 
beets were obtained from the irrigation plats. The 
variety sown was German Kleinwanzlebener. For all 
cultural data refer to section D. / 

The fresh beets were carefully weighed, sliced,. 
strung on thread, and hung up to dry at or dinary room 
temperature. When dry, they were ground, and the 
material thus obtained was analyzed according to the 
usu~l methods. 
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'TABLE NO. 62.-PERCENTAGE COMPOSITION OF SUGAR 

BEETS. 

.... I • 

~), ~ b.O §~.El .... 
~~ a .-::s C1J !'l .... u ,Q .~ ~ 4) ,Q :p .... <DU ,Q '4) 4)<Il c;:I <D 

E ..... 
~ ..... ~~E <D .... ,Q .... 

4) ;s<ll § ~ .s 0 -< ~ tilE 't:I 'db.O 
'E$~ 4);S ;s !'lEi 

<=> ~~(/) Po. e ~<D CIl CIl 
~ Z .... ;~ C) 

-430 11.16 77.85 4.58 10.06 0.12 5.85 1.75 58.51 6 .78 12.34 
·366 13.47 74.60 4.94 9.29 047 4.89 0.68 63 .19 5 $7 10.67 
·.351 14.51 75.40 5.35 8.39 0.31 5.06 1.27 62.81 6.21 10.51 
350 1564 75.88 4.94 6.99 0.23 5.36 1.02 66.26 5 .60 9.60 
·352 16.55 76.58 5.14 9.07 0.38 5.31 1.22 60.53 7.16 11.19 
362 17.50 76.83 4.32 10.42 0.27 464 0.62 61.57 6.57 11.59 

·354 17.78 73.84 4.44- 10.60 0.36 4.96 1.85 61.67 580 10.32 
353 19.95 77.91 4.91 11.59 0.43 5.44- 1.44 59.59 6.57 10.03 
363 20.03 77.83 4.31 9.78 037 4.82 0.40 59.00 6.12 15.20 

·365 20.09 74.% 5.62 10.32 0.30 4.94 1.04 61.74 7.12 8.92 
361 20.17 75 . 14 4.7':' 10.00 0.33 5.02 0.87 63.00 7.84 8.19 
341 21.00 78.67 4.98 7.50 0.18 6.02 1.53 57.21 j.46 15.12 
364 2327 73.90 4.71 5.21 0.43 4.89 0.73 64.30 7.84 11.39 
374 2599 77.54 4.18 11.40 0.41 4.94 0.45 61 .77 7.02 9.73 
367 26.66 75.63 5.17 10.32 0.25 5.11 0.73 62.71 6.44 9.27 
342 '40 .82 77.58 4.69 5.63 0.45 5.68 1.18 62.01 7.05 1331 
-343 5396 73 39 3.79 6.10 0.36 4.79 1.89 60.65 7.07 15.35 

The per cents of water in the fresh substance do 
not follow in general the amounts of water applied in 
irrigation. The variation itself is very small, being 
4.52 between the two ex tremes. 

The per cents of ash are irregular and do not follow 
the irrigation. 

It is rather surprising to note that the per cent of 
protein in the sugar beets does not vary regularly with 

. the irrigation. IL is somewhat higher in the beets 
-from the plats that received from 17 to 20 inches of 
water, than in those from plats that received more or 
less than these amounts. Even this statement must 
be modified; owing to deviations from the rule. 

The per cent of ether extract, crude fibre and re
·ducing.sugars are likewise, so irregular as to allow of 
no general law, depending upon irrigation, to be ob
·served. 

The sucrose, which, to the manufacturer, is the 
'most important constituent of the beet, constitutes 
fr'om 57 % to 66 % of the water-free substance. Regular 
changes in the irrigations do not seem to cause corres
ponding regular variations in the sucrose content. 
'T his, also, is surprising in view of the comparat ive 
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regularity with which the nitrogen-free extract in the 
crops previously studied, has increased with the in
crease in irrigation. 

The starch averages less than 7 % in the sugar 
beet. The per cent is slightly higher on the plats that 
received most water. 

In general, froPl table No. 62, it would seem safe 
to conclude that the relative proportions of the con-· 
stituents of the sugar beet are not affected to any 
noticeable extent by irrigation. The great regularity 
that has prevailed in the other crops, leads to some 
doubt concerning the correctness of this view. The· 
plats on which the sugar beets were grown ' were v.ery 
different in depth a.nd in nroportion of gravel, and they 

. had been manured differently. Then, the sampling of 
the beets may present difficulties of which we were not 
aware. It is fairly well known that, usually, the juice 
of a large beet contains a smaller percentage of sugar' 
than does that from a small beet, and it may be, - that 
other constituents are affected similarly by the size of 
the beet. These are matters that must be left for fu
ture investigation. 

From August 19th to October 16th samples of 
beets were taken weekly from the irrigation plats, and 
the juice analyzed for total solids and sucrose or sugar. 
To eliminate as far a possible the errors due to sampl-
ing and analysis; the data obtained for three consecu
tive weeks have been averaged. In the tables which 
follow, the per cents of sucrose and purity are the
averages of three analyses made on three samples,. 
taken at intervals of one week. 

r. '. , 
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TABLE NO. 63.-PER CENT OF SUCROSE IN· THE JUICE FROM 

SUGAR BEETS. 

Irrigatio.n 
water ap- Aug. 19th to Sept. 10th to O~t . 2nd to 

No.. o. f pla t plied . In. Sept. 13th Sept . 2tst Oct . 16th 

340 11.16 13.16 ' 1~ 42 1338 
366 13.47 11.88 13.28 15.04 
351 14.51 10.48 13.08 14.42 
350 15.64 11.72 1392 1581 
352 16.55 10.93 11.07 14.68 
.362 17.50 11.90 14.27 15.52 
354 17.78 9.41 11.93 14.92 
.353 19.95 12.41 12.20 15.34 
~63 20.03 13.38 14 13 1654 
302 20.09 1205 13.50 1612 
-362 20.17 1209 14.70 16.12 
341 21.00 15.46 14.24 15.41 
364 23.27 1327 16.02 18.43 
374 25.99 9.86 12.13 14.07 
367 26.66 12.14 12.80 1482 
342 40.8l 15.28 1.~.40 13.42 
343 53.96 11.52 13.84 17.08 

During the first period, from August 19th to Sep
tember 3rd, the per cent of sugar in the juice increased 
slightly with the increase in irrigation. Some varia
tions from this rule, not yet explained, were noted. 

During the second period, from September 10th to 
September 25th, the plats that received the smallest 
and the m€dium amounts of water, carried beets, the 
juice of which contained approximately the same pel" 
cents cf sugar; while the plats receiving most water 
yielded beets with the highest per cent of sugar in the 
juice. 
~IDuring the third period, the beets from the plats 
that received from 20 to 27 inches of water contained 
more sugar in their juice than did the beets raised with 
more or less water. 

These results are summarized in table No. 6~ . 

TABLE NO. 64.-PER CENT OF SUCROSE IN THE JUICE FROM 

S UGAR B~ET8. 

Inch~s of water 
applied 

1l.i6 t o. 17.78 
'19.95 to :26.66 
40.82 t o. 53.96 

Aug. 19th to. 
Sept. 3rd. 

"' 11.35 ' 
12.58 
13.40 

Sept. 10th to 
. Sept. 25th 

Oct . 2nd to 
Oct. 16th 

-------
13.14 
13.72 
14.62 

14.83 
]5.86 
15.25 
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As may be observed from the above table, the
actual differences in the per cents of sucrose in the 
juice of beets grown with different amounts of water, 
are very small-never exceeding 1.23 %. In the early 
stages of ripening, the sucrose per cent increases with. 
the irrigation; in the later stages, the differences are 
smaller, and in the last period, the plats receiving 
medium irrigations yielded beets containing the high
est· per cent of sucrose in the juice. The general re
sult of this investigation seems to favor medium irri
gations, so far as the sugar content of the juice is con--
cerned. . . 

It may be worthy of note, that, in conformity with 
earlier investigations at this station, the sugar content 
of .t.he beet juice increases late into the fall. FroIP- the
point of view of the sugar manufacturer in this section,. 
early harvesting of the sugar beet is undesirable. 

TABLE NO. 65.-PER CENT PURITY IN JUICE FROM 

SUGAR BEETS. 

Irrigation 
water applied Aug. 19th to Sept. 10th to Oct. 2nd to. 

No. of plat inches Sept.3rd. Sept. 25th Oct. 16'h 

340 11.16 78.6 78.0 79.4 
366 13.47 75.4 76.4 88.7 
351 14.51 78.3 79.1 7-5.7 
350 15.64 80.8 81.9 81.7 
352 16.55 73.1 74.1 82.7-
362 17.50 78.4 82.3 83.5 
354 17.78 74.6 73.2 75.8 
353 19.95 80.2 80.6 81.7' 
363 20.03 79.7 81.9 . 86.2' 
365 20.09 80.3 78.5 81.0 
361 20.17 81.6 81.4 83.6 
341 21.00 83.8 81.4 82.0 
364 23.27 82.3 85.6 88.5. 
374 25.99 76.1 77.5 82.4 
367 26.66 80.9 78.8 75.7 
342 40.82 82.9 82.7 81.7 
343 53.96 78.1 82.6 86.6 

_ Table 65 exhibits the percentage purity of the juice 
from the sugar beets. Each per cent, like those of 
table No. 64, is an average of three detErminations 
made on these samples taken at intervals of one week .. 
The percentages are very irregular, and do not follow 
at all closely the amounts of water applied in irriga
tion. However, the averages show that the plats 



IRRIGA TION INVESTIGATIONS. ISS, 

which recei ved most water yielded beets with the high- _ 
est purity coefficient. This may be shown better in , the 
following summary table. 

TABLE NO. 66.-PER CENT PURITY IN JUICE FROM SUGAR 

BEETS. 

Inches of water Aug. 19th to Sept. 10th to Oct. 2nd to ' 
applied Sept.3rd t')ept.25th Oct. 16th 

11.16 to 17.78 77.0 77.9 81.1 
19 95 to 26.66 80.6 81.1 82.7 
4U.82 to 53.96 80.5 82.7 84.2 

The differences in the purity of the JUIce are so, 
small as to be of little consequence in practice. Con
sidering, especially, the great increase' in the irriga
tion water necessary to cause an increase of one or 
two per cents increase in purity, the lack of economy ' 
becomes very evident. Considering the beets only ' 
from the point of view of their composition, it is ad
visable to apply during the season, between 20 and 25 
inches of water. 

TABLE NO. 67.-AVECRAGE WEIGHT OF ONE BEET. 

(in grams.) 

Inches of water Aug. 19th to Sept. 10th to Oct. 2nd t o 
applied Sept.3rd Sept. 25th Oct. 16th Average 

11.16 to 17.78 383 399 399 390 
19.95 to 26.66 486 468r 451 468 
40.82 to 53.96 340 3i9 34u 353 

The beets, the analyses of which are found in the " 
preceding tables, were weighed as they came into the 
laboratory, and the average weight of each beet was 
thus obtained. While the method of sampling and the 
comparatively small number of samples examined at 
each time, make the results somewhat uncert.ain, yet 
the average weights obtained from about 1300 beets 
(the number used in the preceeding investigations) 
sh )uld point with some definitness to the weights of 
one beet as affected by irrigation. It was found that 
the seven plats: receiving from 11.16 to 17.78 inches of 
water, yielded beets of an average weight of 390 grams; 
the weight of the beets from the plats receiving from 
91.95 to 26.66 inches, wab 468 grams; and the beets. 
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from the two plats that received respectively 40.82 and 
53.96 inches of water weighed on an average 353 grams. 
The ldrgest beets were thus grown on the plats re
ceiving intermediate quantities of water. Yet, since 
they weighed only a trifle more than one pound, they 
were not too large to be desir~ble for factory use, but, 
rather, more nearly the standard size than those grown 
with less or more water. The data in table No. 67 
might lead to the conclusion that the plats receiving 
int0rmediate amounts of water also yielded the largest 
weights of beets per acre. This is confirmed by the 
discussion of the total yields per acre. 

,At the conclusion of tl is discussion of the chemi
cal composition of the sugar beets as, affected by irri
gation, it may be said that the general behavior of the 
crops, due chiefly to varying soil conditions, was ir
regular and unsatisfactory, and that the conclusions 
stated must be accepted with the understanding that 
future work will, in all likelihood, materially change 
and add to them. 

40. RELATION BETWEEN WATER IN PLANT AND IN SOIL. 

During the progress of the experiments, an at
tempt was made to learn whether the amount of water 
in the soil had any definite relation to the water in ' the 
plants growing on the soil. Samples of wheat were 
taken at irregular intervals from plat 336, and samples 
of soil were taken at the same time. The per cent of 
water was determined in plant and soil, in the usual 
manner. The. results are found in table No. 68. 

TABLE :NO. 68.-RELATION BETWEEN WATER IN PLANT 

AND IN SOIL. 

Plat 336 (Depth 19 inches.) 
Water in plant Water in soil 

Date O-ll inches 12-19 inches 

June 25th . .' ............. . 
June 26th .............. . 
July Ist. ..... . ........ , 
July 3rd . ..... .. .... , ... . 
July 9th ................ . 
July lIth ............... . 
July 12th ..... ~ ..... .. .. . 
July 13th ................ . 
july 19t'h ....... : ....... . 
Ju!y 30th ................ ; 

77.23 
7781 
74.39 
7-+.87 
72.61 
7163 . 
69.30 
6Y.08 
67.24 
56.22 

10.06 
2005 
15.22 
13.32 
18.18 
17.46 
2u.12 
18.54 
20.46 
16.02 

10.94 
20.32 
16.68 
14.68 
19.24 
18.42 
19.46 
18.12 
20.46 
15.90 
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On June 25th; the soil contained between 10 % and 
11 % of water; the plant 77.23 %. Immediately after 
salnpling the plat was irrigated. The next day the 
per cent of water in the plant was 77.81 % and that in 
the soil over 2.0 % . The large increase in the soil 
water seemed to have a very small effect on the per 
cent of water in the plant, 

On July 1st, the-soil contained about 2 % less water 
than it did on July 3rd, yet the wheat contained 0.48 % 
more watel'. On the dates from July 9th to July J9th, 
there appeared to be no interdependent variation of 
the water in plant and soil. 

It is generally h:nown that the per cent of water in 
the plant becomes smaller as the plant grows older. 
This law appears to be of more consequence in deter
mining the amount of water in the plant, than is the 
water eontent of the soil, From the brief series of 
experiments here recorded; it may be safe to . Gonclude 
that when the water content of the Station Farm soil 
varies between 10 % and 21 %, the per cent of water in 
the plant, during any given period of growth, is practi
cally constant and independent of the per cent of soil 
moisture. 

It must be remembered, however, that plat :·m6 
was irrigated whenever needed, so that the crop never 
really suffered from want of water. Should the soil be 
allowed to remain very dry for any length of time. it is 
undoubtedly true that the per cent of moisture in the 
plant would diminish, and finally eause the dangerous 
condition known as wilting. It further appears from 
all the work done this season, that plants, in good \3on
dition, have a constant stream of water passing 
through them; when this stream . is checked, wilting 
follows, even though the actual per cent of moisture in 
the plant has fallen only slightly. 

D. IRRIGATION VERSUS YIELD. 

41. THE YIELDS OF COR N. 

Nine plats, one-tw~ntieth of an acre in size, were 
devoted to <3xperiments in corn irrigation during the 
season of 1901. These plats are located on the east 
side of the irrigation experiment and the corn was ex
posed to the severe canY0~ winds whic4 occurred dur
ing ev.ery night of the growing season. ·The soil on 
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which this experiment · vas conducted has been under . 
cultivation since 1890, before which time it was de
voted to sage brush and grease- wood. From 1890 to 
1892 inclusive, potatoes were grown on these ,' plats. 
From 1893 to 1897 inclusive, they were used in some 
cultural experiments with corn, the results from which 
are found in Bulletin No. 66 of this Station. For two 
years they were sown to wheat and the following year 
to barley. This brings their history up to J 901 , when 
this experinlent was begun. 

During each winter, barnyard manure has been ap
plied to all the plats and our records show. uniforln 
treatment in all other res peets during the previous ten 
years, so that any differences in results cannot -reason
ably be ascribed to differences in treatment. The 
variation in the dates of plowing these plats may ac
count fo1' any differences ' in the moisture content of 
the soils at date of seeding, though.no record of such 
differences exists. Neither do our field notes show 
any difference in the growth of the crop prior to the 
first irrigation. 

Plats 255 to 2150 inclusive, were plowed from March 
19th to March 22nd, but owing to rain storms, plats 
261 and 262 were not plowed nntil April 13th and the 
plowing of plat 263 was delayed until April 24th. 

As is customary here, all the plats were plowed 
ten inches deep and harrowed with a light smoothing 
harrow on the same day as plowed. The plats were all 
seeded to corn on April 30th, except plat 263, which 
was seeded on May 7th, in check rows three feet apart, 
a hand corn planter being used for seeding. 

The corn used in the experiment was originally ob
tained from Wm. Watterson of Logan, and is the kind 
ordinarily grown in the Cache Valley. It is a twelve 
rowed clear white flint. The ears are large, being 
about ten inches in l~ngth and one and one-half inches 
in diameter. Variety tests conducted here have re
sulted in the highest yield for this variety seven years 
out of ten. It is the earliest maturing variety ever 
tried here, the number of days from planting to time 
of cutting being on the av ~rage one hundred and six
teen. 

On May 24th and 25th, an unusually hot wind se
verely injured the corn, the leaves being badly torn 
and presenting a blackened, charred appearance. 
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The irrigation experiment with corn was intended, 
primarily, to compare furrow irrigation with flooding, 
though the duty of water, in this test, as in the case 
of all the other crops used, was kept in view. It will 
be seen from table No. 09 that the amounts of water 
applied varied from 7t inches to 38 inches. One plat 
was" dry farmed"; this,plat is included for comparison., 



TABLE ,NO. 69. - I R RIGA T I ON VS. YIE LDS OF CORN. 

Yield Yield Total 

I 

Total 1 Dates of irrigation and amount of water applied (inches). per of yield 
Depth amt. . Method corn per 

PlatNo.1 of water of af~e stover acre 
plat applied irrigation per of 

inches June July July July July July AUg.] Aug. I Aug. Aug. Aug. Aug. g~~in acre, dry 
29 1 15 18 29 31 7 12 16 20 24 29 pounds matter 

2631~INone ========I=====~ 26.0012700 4068 
258 20 7.50 250 ............ 2.50 250 .................. I ....................... Furrow 35 .14 31100 4<:114 
262 48 10.00 2.50 ...... .. .... 2.50 5.00 .. .... .. .......... I ............ . ..... 1 ...... Flood 56.86 4200 7361 
261 36 15.00 5.0U ............ 5.00 5 00 .................. I .. ...... .. .............. ll'lood . 58.71 3800 7119 
257 19 15 CO .. . ... 5.00 .. .. . . 5.00 5.00 . . ..... . . ... [ . . .... j . ..... . ................. Furrow 46.28 2900 5526 
256 14 19.97 ... . .. 4.66 ...... 6.21 6.66 ...... 2.44 ...... . ..... . ............ . .... Furrow 49.28 3440 6201 
260 40 19 98 6.66 ........ . ... 6.66 666 .......................... .. .. . .. . .. I .. .... Flood 77.00 4400 8811 
255 2S 3653 ..... . 7.59 2.81 1.31 2.50 1.33 250 12.50 12.50 5.00 5.00 13.49 Furrow 69.28 3500 7515 
259 36 3800.. . ... 8 .76 6.33 1.55 2. 50 1.33 250 ...... 2.50 500 2.58 4.95 Flood 8~.71 '4700 12140 

• 

~ 
a> 
o 

to 
q 
~ 
t1 
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~ 
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~ 
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·Flooding vs. Furrow Irrigatio7Z:-It will be seen 
from the table that the yield of ear corn, of dry matter 
and of stover was the largest in every case, with equal 
applications of water, by the flooding method. 

TABLE NO. 70.-V ALUE OF FLOODING OVER FURROW 

IRRIGATION. 

Amount of water applied. Per cent increase by fl. .Joding. 

I 
Bu. of ear corn I Dry matter I Corn stover 

15 inches 26.8 28.8 31.0 
20 inches 56.2 42.0 25.7 

Formerly the hoed crops, such as corn, potatoes 
and sugar .beets were the only crops to which water 
was applied by the furrow method, but this system is 
now commonly practiced in the irrigation of cereals and 
forage crops in the larger part of the irrigated section 
of this State. It should be stated in connection with 
our experiments that the plats were short, (four rods,) 
and great difficulty was encountered in applying the 
requisite amount of water by the furrow method. Fre
quent applications had to be made, but great care was 
exercised to prevent the water from flooding the plat. 

In actual practice, water is turned into twenty to 
£fty and even one hundred furrows and allowed to run 
very slowly. The rows are usually directed so as to 
prevent much fall and thereby reduce the washing as 
much as possible. Special implements have been de
vised in connection with this method of irrigating ce
reals and forage ct'ops, by which the furrows are made 
at the time of seed·ing. The opinion is generallyenter
tained that the furrow method is the more economical 
in the use of water, but the results show for this year, 
that the reverse is true. 

In these experiments, the plats receiving equal ap
plications of water were cultivated the same day, so 
that any variation in yield could not be ascribed to ·this 
factor. 

An important consideration, however, one that 
undoubtedly affords an explanation of the larger yields 
for the irrigation by flooding, is the difference ill the 
depths of the soil on the comparable plats. Unfortu
nately, in each case where the two systems of irrigation 
are compared with equal applications or water, the 
plat irrigated by the furrow method is much the shal~ 
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lower. So important a factor is this that it would be 
unwise to draw far-reaching conclusions from the ex
·periment. 

Late Irrzj;at£on;-Warnings have frequently been 
given that if water is applied to the corn crop late in 
the season, the crop will not mature. The last irriga
tion on all the plats, except 255, 256 and 257, was made 
on July 29th. Plat 256 received its last irrigation on 
August 7th. Plats 255 and 259 were irrigated every 
fourth or fifth day after August 7th during the rest of 
the month, the last irrigation occurring on August 29th. 
The corn on all plats was ripe and harvested on Sep
tember 11th, and we had no evidence of differences in 
the time of maturity of the crops, though a determina
tion of the moisture content (see table No. 58), shows 
that the corn receiving late irrigations carried the 

. highest percentage of moisture. 
It is probable that the character of the soil would 

have an important bearing on the question. The soil 
in this case was a sandy loam . underlaid with gravel 
and through which the water r eadily passes. Clayey 
soils, retaining- the moisture for a long time and per
mitting prolonged evaporation, would tend to keep the 
soil cold and retard the necessary storing of the nutri
ents for the ripening of the crop. We can safely as
sume .that on soils similar to that of the College farm 
no injurious results will follow from the late applica
tion of water in · corn growing. The growing season 
extended over a period of one hundred and thirty-four 
days, an unusually long one, for this variety of corn. 
For most of the plats the irrigations were all made dur
ing one month, from June 29th to July 29th. 

E~ffect of .v arying amounts of water 0/1. ear corn and 
stover :-An examination of the table reveals a very in
teresting fact regarding the effect of varying amounts 
of water on .the proportion of ears to stover. The fol
lowing table gives the percentage of ear corn and 
stover obtained with varying amounts of water. 

1 . 
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TABLE NO. 71.-PROPORTION OF EAR CORN TO STOVER. 

Per cent of ear corn 
in whole plant. 

No irrigation ........ . 
7~ inches oJ watet: __ ~ . 

10 " " " 
15 
15 " 
19.97 
19.98 

I 36.53 
38 

... 51.9 I 

... 52.8 ! 
" ... 50.1 I 

.. '155
.
1 

\ ... 58.1 1 
... 55.2 \ 

40.3 
45.1 
48.6 

52.3 ' 

52.6 

56.7 

Per cent of stover 
in whole plant. 

59.7 
54.9 
51.4 

47.7 

47.4 

43.3 

It will be seen that the proportion of ear corn to 
f0dder ip.creased regularly with the increased applica
tion of water. This is rather surprising, the natural 
supposition being that increased application of water 
would demand an increased proportional leaf surface 
for its transpiration. The table shows, however, that 
the lowest percentage of corn to the fodder was ab-

, tained from the minimum water supply and the highest 
percentage from the maximuln water supply. We learn 
from the above that somewhat more than one-half of 
the total weight of the corn crop is found in the ears 
when water is applied in quantities of fifteen acre
inches or more, and somewhat less than one-half when 
water is applied in less amount. 

Effect of v arying a1'flOunts oj 'Watn' 012 total y ield:-By 
reference to table 69 it will be seen that the application 
of 38 inches of water gave the highest yield of ear corn 
and also the highest yield of stover and dry matter per 
acre. The second highest yield of corn and also of 
stover and dry matter was obtained by the application 
of but .98 of an inch more than one-half of the amount 
applied to the plat giving the highest yield. It may 
be that the limit of production was not reached. The 
table furnishes no evidence that a still further increase 
of water would not result in an increased yield. A 
careful study of the table shows that the most proflt
able use of water for corn lies between 15 and 20 inches 
of water, though this will depend somewhat upon the 
method of application. It seems safe to conclude that 
best returns, considering the ,amount of water applied 

,and the method of application, are obtained by the 
use 6f from 15 to, 20 inches of water by the flooding 
.method. ' Future experi~ents on soils of more uniform 
depth may modify this somewhat. 



164 BULLETIN NO. 80. 

42. THE YIELDS OF OATS. 

Oats in this State have, up to the present, been 
grown only upon irrigated lands. Both corn and wheat 
are successfully grown on the "arid" farms, but at
tempts to grow oats without irrigation have so far been 
unsuccessful. In this experiment, eight of the best 
plats were devoted to irrigation experiments with oats, 
the amount of water applied varying from 6.98 inches 
to 40 inches. The soil on these plats varies from 16 
inches to 41 inches, the average depth being 31 inches. 
The history of these plats, from the time the soil was 
brought under cultivation, to 1~01, is as follQws: 

Potatoes were grown on all · pl.ats during the sea
son of 1890. The three following' years, plats 293 and 
294 were seeded to wheat, followed by three years of 
barley, then three years of wheat, and during 1900 
peas were grown on these plats. From 1891 to 1897 
inclusive, plats 295 to 299, inclusive, were devoted to 
corn, and the two following years to wheat. During 
1900 peas were grown on plats 295 and 296; barnyard 
millet on plats 297 and 298, and peas and oats as a soil
ing crop on plats 299 and 300. rrhe record for plat 300 
is incomplete. 

All of these plats ha~e had an application of barn
.yard manure each year since they were first cultivated. 

The plowing preparatory to this experiment was 
done on March 21st on all plats except 299 and 300, 
which were plowed on April 13th. All plats were 
seeded on April 20th with a " Superior" press drill, at 
the rate of 12 pecks per acre. One of our most desir
able varieties, Amedcan Banner, was used. The 
grain is large, white and plump; it ripens early, has a 
stiff straw of good length and at the time of seeding, 
was considered one of our choicest varieties. 

The plants 'made their appearance six days after 
seeding and during the following month made excellent 
growth. On May 24th and 25th, the hot winds referred 
to, g'l'eat.ly injured the crop. The oats seemed to re
cover fl'om the effects of the wind on all plats equally 
well, and until June 12th, no differences were noted for 
the diffeI'ent plats. The first irl'igation was made on 
this day, and it was noted that at tili:::; time, the growth 
on plats 29;~ and ~96 was unevel1 and the crop on parts 
of the plats was badly wilted. The growth ·on ·plats 
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295, 297 298, 299 and 300 was also uneven, but none of 
these plats seelned to be in need of irrigation. 

On July 19th, the oats on plat 293 had an average 
height of 16 inches, as compared with 34 to 3 inches 
on the remaining plats,. and looked as if they were dy
ing for want of water. All plats were harvested on 
July 30th. The plants were not affected by disease, 

, and outside the appearance of a few wild oats (avena 
fatua due to the fact that the Inanure was obtained in 
the town, nothing unusual was noticed. 

/' 

TAB~E N0. n.-IRRIGATION V.5. YIm~DS OF OATS. 

IAverage Inches water applied. 
Total 

depth Yield of Yield of weight 
Plat of grain straw per 

No. I .oil 
Total I Juno I June I July I July 

per acre per acre acre 
In bu . lbs. dry 

- inches 12 & 13 
1

27 & 28 [ 10 16 matter 

---- -------- --
293 16 6.98 2.93.. .. .. 4.05 ...... 1'2.50 81)0 1139 
296 34 U50 6.28 . ..... 6.22 . . . . .. 47.50 2680 3592 
294 41 13.92 515 4.17 4.60 ••• '0. 40.62 2920 3946 
295 23 l4.6~ 1026 .. . ... 4.42 . .... ' 28.13 2620 3353 
298 36 15.00 3. 34 4.16 7.5u . . .. .. 6500 2720 4508 
297 37 15.01 7.5? 4.99 2.50 ...... 48.75 3660 4821 
299 36 3000 6 .78 6.20 10.00 7.02 85.00 5340 8050 
30Ll 

r 
29 40 .00 8.6'4 6.55 10 VO 14.85 8000 4860 I 7188 , 

L !'ng tlt oj tile growing seasoll :-The growing season, ' 
in the case of oats, was just one hundred days, and the 
irrigating season but thirty-four days. The first irri
gation occurred on June 12t4; on which date, and the 
day following, all plats were irrigated; the last irriga
tion o:3curred on July 16th. All plats were irrigated 
by the floodlng method . . 

Unfortunately, the plat receiving th~ least amount 
of water was the most shallow plat, ' and as will be seen 
from the table , the yields recorded are the minimum 
yields of the experiment. The' yields do not increase 
directly as the amount of water increases in every 
'case, but the variations in yield indicate that the depth 
of the plat is a very ' great disturbing factor. . 

l:jfat of ·'uary ing tl1JlOlllltS ol ';i'ater Oil tlte fJ~'o/,ort':OIl oj 
graill to straw :-In this State oats are grown almost ex
clusively for the grain; the practice of using the whole 
plant for forage not having bgen extensively adopted 
as is the case in some portipns of the West. Tl~e effect, 
then, of the varying alnounts of water on the ' growth 
of the oat heads and of the stra\v is an important con-
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sideration. An analysis of the table does not reveal as 
uniform results as was the case with corn, neither does 
the depth of soil seem to have any bearing on this 
subject. The highest percentage of oats in the whole 
plant was found on plat 298, where fifteen inches of 
water was applied and the lowest percentage on plat 
295, which had practically the same application of 
water, viz ., 14.68 inches. 

TABLE NO. n.-PRoPORTION OF GRAIN AND STRAW 

IN OATS. 

Avg-. depth of Inches of Percentage Percentage of 
Plat No. wil plat in water grain in · straw in 

inches applied whole plant whole plant 

293 16 698 33.33 66 .67 
296 34 ]2.50 3620 63.80 
29+ 41 13.92 30.80 69.20 
295 23 14.68 2560 74.40 
298 36 15.0U 43.30 56.70 
297 37 1500 29.90 70.10 
299 36 30. 00 3:-.70 66.30 
300 29 40.00 34.50 65.50 

The difference in the proportion of grain to straw 
on plats 2~J5 and 208 lnay be due to two factors. It 
will be noticed that the soil on plat 295 is very shallow, 
less than two feet, as compared with three feet of soil 
on plat 298. In the application of water, too, while 
practically the same amounts were applied, most of the 
water on plat 295 was applied very early in the season 
and the plat had but two irrigations. The water was
applied to plat 298 in three irrigations, and only in 
small amounts during the earlier part of the plant's 
life, but later when large amounts of water were \ re
quired in transferring the nutrients of the plant de
sired in the formation of seeJ large amounts were ap
plied . 

Time 0/ applicatioll of water for oats:- Plats 298 
and 297 were irrigated on the same day and the t')tal 
amount of water applied during the season was practi
cally the same. Another ilnp )rtant jactor in cOlnpar
ing the yields on these two plats is the fact that there 
is f ractically no difference in the soil depth. Plat 298 
received ;,)'34 inches of water on June 12th as COill
pal ed with 7.52 inches on plat 297. The irrigation on 
June 28th was planned to make the application equal 
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'Dn both plats and the difference in the amount applied 
is so slight as to make it improbable that it could af
fect the results. On July 10th, just three weeks before 
.harvesting and at a time when the plants were forming 
heads, 7.50 inches of water were applied t) plat 298 and 
.2.50 acre-inches to plat 297. The effect is marked. An 
.application of a large amount of water on July 10th, 
the critical period in the life of the oat crop, resulted 
in carrying the nutrients stored in the straw to the 
head and the yield of grain was increased by .. 33 per 
-cent. A corresponding decrease in the amount of straw 
is also noted. 

E..tfect of 'l/aryz'ug a11l0U1ZtS of 'Water on totaL yie!d:
As with wheat the application of 30 inches of water 
.gave better yields of grain, of straw and of dry matter, 
than lesser or greater amounts. Water applied in les's 
.amounts than 15 inches was evidently insufficient, 
though the plats vary so much in soil depth that we 

. cannot expect a uniform increase in yield with in
·creased application of water. We are unable to explain 
why the yield of plat 296 is gre-ater than that of 294, 
which received more water and which has a greater 
.soil depth. With this exception, the yield varies with 
the soil depth and with the amount of water applied. 

4~. THE YIELDS OF WHEAT. 

All of the plats used in the irrigation experiment 
'with wheat are shallow, the soil on none of 1hem being 
-deeper than three feet. During the years 1890 and 1891 f 

these plats were grown to clover, the followivg year to 
wheat, then two years of timothy, then corn, oats, 
-clover, wheat, rape, and during the year preceding 
these experiments, 1900, corn was grown. 

The plats, like those used for irrigation experiments 
with corn and oats, are one-twentieth of an acre in 
size. An attempt has been made, each year, to main
tain and improve the fertility of the plats by the lib
eral application of barnyard manure, but the low yields 
obtained, an average of but 12.86 bushels per acre, is 
·evidence that the plats used in this test are not well 
.adapted to wheat growing. 

The variety used was New Zealand , a wheat very 
generally known in the Cache Valley, but it has never 
.stood very high in the list in our variety tests. This 
'variety js grown here both as a fall and spring ·wheat, 
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and was selected for this experiment mainly because of 
the fact that it is so well known. · . 

The plats were plowed eight inches deep on April 
13t~, and seeded three days later at the rate of five 
pecks per acre, the seeding being done with a press 
drill. On April 25th, the record shows all plats well 
covered with the young wheat plants. On May 24th 
and 25th, the wheat on all of the plats was greatly in
jured by a severe wind storm, but as in the case of the 
other~crops, the injury was but te.mporary. 

The following table summarizes the notes taken on 
the growth of the crop during the season: 

ti r I: . ' 

, l ,', ' l ' : 

. '" -..~;." -
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TABLE NO. 74.-FIELD NOTES "WITH WHEAT. 

Iplats leharacter of 
Ht. of 

Date Growth Condition of Plat wheat 
plants 

---I 

June 5th 3 ,C) -.. Even. Very dry. 6 inches 
330 ---

June 5th 32l Uneven. Parts of plats dry. 12 inches 
329 

June 5th 320 Uneven. U of plat very dry. 9' inches 
328 

June 5th 319 I Uneven. P a rt of plat dry. 7 inches 
327 
--

June 5th 317 Uneven. ~ of plat dry. 13 inches 
'::26 

June 5th 325 Uneven. ){ of plat dry. 15 inches 
---

Juiy-lst 317 Uneven. ~ of plats suffering 27 inches 
321 for water . --- -July 1st 28 inches 318

1 

Even. In good condition. 
322 
330 

July" 1st 319 Uneven. Good condition. 130 inches 
325 
327 
328 

____ 32Y I __ ~ ____ _ 
July 1st 320 I Uneven. YJ or plat Suffering, 19 inches 

for water. 
July 1st 3261 Un~ven. 1--=-M-=-e-dC:-:,i'--u-m- . --. 128 inches, 
July- 18th ----n-7-1 Wheat dying. Very dry. 

31Y Kernel shrunken. 
325 

==--,------:-~ --- ------:----:----1 
July 18thl 318 I Just beginning to 

322 ripen. :::)traw green. 
326 ILookin g well. Ker, 
327 ,nel in early dough

i

i 

328 ,stag,e. 
329 
330 

Fair. 

July 18th 
---~-~----:- -------------

320 I ~ tu % of plat Plat" dry. 
321 green; balance dry. 

Kernel shrunken' and 
straw dry and brittle. 
I ' I 

I 

I 
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The first irrigation occurred on June 7th ~ In the 
following table when the irrigations are on two succes
sive days , they are placed under one heading for the
sake of brevity. The original plan of the experiment 
contemplated using 2t inches of water on plat 317, but. 
the plat was so extremely dry in parts that 4.03 inches 
were required to c;over the plat. All plats were irrigated 
by the flooding method. 

Around each of Ghese irrigation plats , embank
ments wer e thrown up and occasionally , in order to ap
ply the required amounts, the surface was covered to
the depth of several inches with standing water es
pecially on the lower balf of tbe plat. All of the plats. 
'were harvested on July 29th and 30th, except 329 and 
330, which were harvested on August 5th. 

The wheat from plwts 317, ~19 , 320, 325, 326 and 
327 was badly shrunken , but from the r emaining plats. 
nice plump kernels were secured. 

TAB LE NO. 75. - IRR I GATION VS . YIELD OF WHEAT. 

'+-I 

~ 
0 s:: 

I 

;..,. 
0 .n Dates of irrigation a nd amt . .... \..0 (/J 

.s::Q) ~ of water applied, in inches. s:: . ~ : 'O:S 
..-.s:: .;; e ro e '+-I o.() (/J I- () o s:: 
Q) s:: Q)'O I I- () -;;;ro '0.... : 
'0 .... .s::Q) , bL rc 

() .... 
'+-1\..0 - Q) 

0 Q) s:: s::o.. 00 I- Q) I- I-
0 -0 

..... Q) o~ ... Q) (). 

Z be ... ... 0. 
t--. ...-4 N -.0 ..... 00. .... ... ro ro ...... .-rc ...-4 ...-4 -;;~I-\..0 .... Q) Q) Q) '0' '0' 

~ Q) 0 ro l- s:: s:: c .... .... .... .... ~ , -v2 oa~ 
~ 

> (/J oQ) ::s ::s ::: '"a '"a '"a .~ .0 ........ 
< 8 ~ .. .. ~ ~ .. ~ ~ b 

- - - ------ - - - -- _.- - --- --- - ,--- - - -

317 18 
I 

4.63 4.63 .. . ... .. .. 0 ••• . . .. . . 4.50 2270 2350 
319 19 5.14 5.14 .... ::: :ls:i7::::::::: ': .83 2270 2306 
320 19 8 .73 3.56 .... 1033 2000 2435. 
318 28 897 3.99 .... . .. . 4.98 .... . . ... . 11 .33 2960 3378 
321 18 10.30 5.30 .... ... 5.00 .......... 14.66 2740 3425. 
3!5 36 12.09 . .. ... 7.60 .... , .... 14 .49' . ..... 11.16 3870 4223 . 
322 10 12.18 4.89 ... 3. 963.33 ....... . .. 11.66 1920 2414 
326 28 1280 447 .... 4.1714.161 .... .. .... 13.00 1760 2357' 
327 12 17.50 5.85 .... 5.825.83 ... . . . .... 1:;.33 3080 3728. 
328 11 21.11 7.50 . . . 6.6~ :6.97 1 .......... 17.33 2800 

I 

35S7 
329 18 3000 10.1 '0 .... 7.45 1 7.14 ,5.4~ .. . ... 2666 3380 4621 
330 19 40.00 1000 . ... 4.937.504 .1.:> 13.42 14.50 1630 2291 

I I 

The length of the growing season for wheat was. 
for most of the pJats 107 days, though in the case of two
of the plats, which received irrigation as late as July 
11 th and 16th, the ha.rvesting time was delayed for 
seven days, making the growing season 114 days fo~ 
the wheat on these plats. 
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Irri gation was begun -on June 7th, and as seen by 
r eference to the notes, all the plats were very dry and 
in a few instances the wheat was suffering badly f.)r 
water. The irrigation season for wheat was but 34 
days for all of the plats, except 330, in which case it 
was 39 days. 

Careful field notes were taken on the condition of 
the crop two da} s before irrigation commenced , again 
o.n JUly 1st, and again two days after the last irriga
tIon. 

Plats 322 and 330 were evidently not in good condi
tion when the fir~t irrigation was made, as our notes 
indicate that the wheat was hut six inches high on that 
date . While the growth 'was quite even, the soil of 
these plats was very dry, though moisture determina
tions lnade on June 7th. just before irrigation on that 
date, do not show any material difference in the val·i
ous plats. 

Comparing the first three plats in the table of al
most uniform depth, it will be seen that the second ir'
rigation on July 6th, resulted in increasing the yield 
of grain 129 o/l in one instance and 169 o/l in the other 
case, as cOlnpared with the plats not receiving the sec
ond irrigation. In the yield of straw the plat receiv
ing the second irrigation stood below the plats not so 
irrigated. Water applied about July 6th, evid ently 
aided in transferring the nutrients already in the straw 
to the head where they were stored jn th.e grain, and 
resulted in increased yield of grain and decreased 
yield of straw. Plats 320 and 321 can be compared , as 
the soil on these plats is practically of the same depth. 
The irrigatio 1S were made on the same day, the only 
difference being in the amuunt applied. An increase 
of 1.57 inches of water resulted in increasing the yield 
of grain by 41 %, the straw by 37 % and the dry m ltter 
by 40 % . The largest yield of straw and of dry In:1tter 
was obtained from plat 325, and it will be seen that this 
plat has the deepest soil; there is practically no differ
ence in the yield of grain on this plat and plat 322 
which received about the same amount of water. 
There is a gradual increase in the yield of grain from 
the application of 12.09 inches of water up to ;,30 inches, 
though the yield of straw and of dry matter does not 
vary j n the same direc tion. 

Plats 329 and 330 with practically the same depths 



172 nULLETI~ i\O. 80 

of soil varied greatly in yields. The application of ten 
inches of water late in July did not prove profitable. 
We can hardl) dra.w deflnite conclu~iol1s from thjs ex
pel'iment owing to the great variation in the (lepth of 
the soil, thouo'h it 's interesting to note that the in 
crease in yield of grain did not uepend upon depth of 
soil, this factor seeming to h[Lve the OTeatest bearing 
upon the yield of stl·aw . The second highest yield of 
grain was obtained froln the plat having but leven 
inches of soil. ' 

TABLE NO. 76 . -PROPORTIO~ OF GRAIN A ~D ' STt"L\ \V 

IN \ ' HEAT. 

1 
Avera .. e 

Plat No. 1e}.l\ h ot soil 
\/11 }.lla t. 

317 IS 
319 19 
320 19 
318 2 
321 18 
325 ,;h 
322 10 
321) 2 
327 12 
328 11 
329 18 
330 19 

I nches of Percentage ofl,percent .1 ge of 
water grai1l ~traw 

appl iec' . in whule }.lla nt . iJl ,,"hu le p'ant. 
--------- 1-----

4.63 10.7 89.3 
5.H 92 908 
8.73 23.3 76.7 
8.97 18.7 S1.3 

10 . .30 2+.3 'is 7 
12.1·9 U.S S;.2 
12.1S 267 7.;.3 
1280 307 693 
17.50 23.0 77.u 
21.11 27.1 72.9 
30.00 32.1 1)7.9 
40.00 31 ~ 652 

As will be seen from above-table the larg-est ap
plication of water resulted in the highest percentage 
of grain and the lowest pprcentage of straw. rrhe ll~xt 
hig-hest percentage of grain was obtained froln the ap
plication of thirty inches of water, and the next high
est from 21.11 inches of water regardless of the fact 
that . the soil of this plat was but eleven inches deep. 
It would seem, though, the data on this point are not 
by any means conclusive, that increased application 
of water results in an increased proportion of grain to 
straw. 

l~:tfe[t (1f 'uaryi71/; amounts of water OIl total yt"eld:-The 
highest yield of grain, of straw and of dry matter wa 
obtained by the application of 30 inches of water;. More 
water than this was not on!y wasted, but a decrease 
both in grain and straw resulted froln its use . It will 
be seen that, with two exceptions, t he yield of w he,at 
increased lfniformlyas the alnount of w:tter applied 
was increased up to 30 inches. The yield of straw was 
more variable, however, as will be seen by comparing 
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"plats 318 and 328. While plat 328 received 21.11 inches' 
-of water as co· .r:lpareu with 8.97 incl:es for plat :-U8, yet 
the yield of str~w was less on plat 328. It would seem 
that the use of ; ·~O inches of water in the irrigation of 
spring wheat on -bench lands is not excessive though 
.greater anlounts than this ar~ injurious to the crop. 

44. THE YIELDS OF POTATOES . 

In one of the first bulletins of this Station,-::- atten
tion was ~alled to the excellent quali ty of potatoes 
grown jn this state and the lnarvelous yields reported. 
Unfortunately for this crop, however, the price paid is 
.so varia,ule j rOln year to year that little re liance can 
be placed upon potatoes as a money pl'oduceI'. Despite 
this fact it forms one of the principal crops of the Utah 
-£armel~ and is grown only under irrigated conditions. 

Nine of the best plats on the College farln were used 
"in thi experiment; the most sllallow plat was 17 inches 
deep and the others varied from this to a depth of five 
feet. 

The history and treatment of these plats have been 
identjcal with those used lor irrigJ.tion experilnents 
with corll, an explanation of which will be found un
der the section on corn . It is generally conceded that 
potatoes do best on a sandy loalll soil, especially when 
well drained as is the soil on which these experiments 
were made. Liberal applications of well-rotted stable 
ma.nure has served to make this portion of the farlll, in 
the main, well adapted to potato geowing. 

The varie/ty of potatoes cho~en for the experiment, 
the Early Rose, is one well known ill the State and it 
is generally recognized as one of the leading varieties. 

The question as to the effect of varying amouuts 
of water on potatoes is very important, as the dryness 
and mealiness when cooked are very important con
siderations. Potatoes grown in this arid region have 
for many yea!rs bee~ recognized as of superior quality, 
and this is due largely to the fact that the quality can 
be determined by the amount of water applied , and the 
frequency of application. The potatoes were planted 
on plats 255A and 2~7 A on May 1st, and on the remain
ing plats on May 7th. The rows were three feet apart 

. and the p~tatoe$ in the rows from 12 to 14 inches apart. 
The potatoes were affected less than the other crops 

*Bulletin NO.5. 
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by the hot wind of May 2-!th and 25th, and there was 
seemingly no permanent injury froln this cause . Se
vere frosts on the nights oE June 4th at).d 5th froze the 
vines, but they quickly recovered from this and there 
was nothing unusual to affect the expel'imellt after this ' 
date. . 

It should be stated that plat :!55A was planted 
with a spade, the rest of the plats having been fur
rowed and the potatoes covered with a hoe. On June 
22nd, it was noted that the potatoes on plat 255A were 
in much better condition than on the remaining plats; 
none of the plants were suffering from water and the 
vines were about twel ve inches high. The remaining' 
plats were beginning to show a need of irrigation, the 
growth on all of them being rather uneven and alto
gether in an unsatisfactory condition. The height of 
the vines on these plats varied from six to eight inches. 

Tize growing season :- The time from planting to 
harvesting of this crop was 165 days, much longer than 
in the case of the previous crops discussed. The irri
gating season extended over a period of but 24 days 
in the instance where the minimum yield of potatoes 
was obtained and 61 days where the maximum yield 
was secured . . 

TABLE NO. 77.-IRRIGATION VS. YIELDS OF POTATOES. 

0 o..u ::l~cn Z Cli t: o 0.. Q.I '0 ..... Ecd-B ~ Cli s:: 
0: OL ...... til \.0 t: 

nl_ 
Cli .... 

1... . .... ~~-Cli C ... ;;. :> (/J :l ... 

< F-< 
------

255A I 25 808 
256A ]7 10 00 

257A I 23 15.00 
258A 29 I.e; 00 
259A 26 15.0 ) 
261A 59 15.00 
260A 38 21). UO 
262 A 54 27.00 
263 A 59 40.00 

Date:,; of irrigation and amC'unt of 
water applied to plat in inches. 

~ v) ~ ...; 00 ('-1 ~ c-.) 
N .... M .... .... N 
Cli bD bD bD bD >- ~ >. t: 

~ :; ::! ::! :l ::! ::! :l < < < < ""'1 ""'1 .., .., 

~: ~~:: ~~I~~i~~I~ ~.~ 
5.00 .... '5.00' ...... . ............. 
7.49 \ ... 7.511 .... I .... ! ............ 
,., -0 - -0 , 
1. ·- .... I . . " ........ , .... I .... ' .... 
4.65 .... 6.98 .... 3.371 ............ 
2.63 .... 2.13 .... 2.152.502.5012.74 
6.27 .... 6.23 .... 7.50

1 
............ 

8.32 .. . . 6.34 .. . . 7.381 ... . 2.5012.46 
10. 10 . 6.02

1

5.08,5.00
1 

. ... 2.501.40 

U (/J (/J cd- Cli 
Cli 0 

\.o..c+-' 
Cli (/J cd 
o..~ ...... 

.0 0 
'0 Cl.. 
Q) 

~ 
--

159.33 
89.33 

'04.33 
165.33 
265.66 
332.66 
446.33 
362.66 
1528 .00 

2294 
1268 
1564 
2~67 
3896 
4698 
6363 
5233 
7603 

In this test, the largest yi'eld of potatoes obtained 
from the plat receiving the largest amount of watet' t 
and this plat also received the most frequent applica-
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tjons. The 80il on this plat was five feet deep, having, 
with one exception, the greatest depth of soH in the 
test. Plat 256A received ten inches of water in two 
equal applications and from this plat, the smallest 
yield is ' recorded. This plat compared with 255A, 
which received water Oll the same dates, but in smaller 
amounts, clearly indicates that depth of soil is , here, 
a disturbing factor. Plats 257 A and 25SA differ only 
in the soil depths and yields obtajned , the irdgations 
being made on the same day and in practically equal 
amounts. Taking the depth of soil as a basis for rea
soning, tl,le yield of plat 259A, which has a soil depth 
of 26 inches, (midway between 257 A and 25SA) , should 
be about 135 bushels of potatoes, as it received exactly 
the same amount of water. r.rhe water was a.pplied, 
however, in smaller amounts on June 26th and July 
20th, and an application of 3.37 inches made on August 
Sth. rrhis method of application resulted in a yield of 
265.66 bushels of potatoes, an evident increase of 130 
bushels per acre, by applying the water in three irri
g-ations instead of two. While the increase in yield on 
plat 261A over 259A is undoubtedly due to a certain 
extent to the increased depth of soil, yet the sm'aller 
amounts and more frequent applications were also fac
tors. It is di.fficult to explain why plat 260A with a 
soil depth of but 38 inches , an application of water of 
but 20 inches, and but three applications, should give a 
g-reater yield by 23 per cent than plat 262A with a soil 
depth of 5'* inches, an application of water of 27 inches 
applied in five irrigations. This instance seems to be 
the only exception to the rule that small amounts and 
frequent applications give better yields of potatoes 
the.n the same amount of water applied in fewer irriga
tions. 

Ellat of v£lryi71K amounts of water Oil qualit), of potato 
crop:--A question of very great importance in potato 
irrigation is the effect of varying amounts of water on 
the quality of the potato crop. At the time of harvest
ing the crop was separated into marketable and unmar
ketable potatoes, only those of good size, smooth and 
even, being placed in the Inal'li:etable basket. 
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TABL[~ NI'. 78.-EFFECT OF VARYING A~10UNT:3 OF WATER 

O~ THE QUALITY OF THB POT.-\TO CROP. 

255 .-\ 

256A 17 

257A 23 

258A 29 

259A :;6 

261A 5<:1 

260..\ 38 

262.-\ . .~4 

263 A 59 

~ 
r"j .... 
;>1;; 

.... . ~ 
;:;"3-
rIl:l., 

~ ~ 
U 

H 

8(8 

10 00 

15 CO 

15.00 

1500 

15.00 

20 .(J0 

27.00 

40.00 

159.33 7lJ.00 80.33 496 

8933 29.66 59.67 33.2 

1l'4.33 42.33 62.00 4l\ 5 

16533 108.33 57.00 65.5 

265.66 194.66 71.00 733 

332.66 291.66 41.t0 87.7 

4-16 .33 399.00 47.33 89.4 

36 2.66 316.vO 46.r~6 87.1 

52800 479.66 4834 90.8 

The per cent of marketable potatoes was the high
est on the plat receiving 40 inches of water, though 
plat 260A, which had just one-half as much water, gave 
practically the same result. The variation in Yleld 
Reems to follow m.ore closely the variation in the depth 
of the soil than it does the varying amounts of water 
applied. The largest per cent of llli1rketable potatoes 
was obtai.ned £eon1 the plats having the gr'eatest soil 
depth, while the larges t pel' cent of unmarketa~le po
tatoes was obtained fl'olll the most shallow ~oil. A 
larger per cent of maJ~ketable potatoes was obtained 
from plat 255A with the application of 8.08 inches of 
water than from 256A with 10 acre-inches. 'rhe o.if
ference is due to the difference in the soil. . Only fOl'ty 
per cent of marketable .potatoes .was obtained fron1 
plat 257 A, which had 15 inches of water: the soil on 
this plat was but ~3 inches deep. Plat 259A, with 15 
inches of water and but 3 inches more soil than 257 A, 
gave 73 per cent marketable potatoes. 

Taking the last four plats in the table, it seelllS 
evident that the varying amounts of water applied 
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from 15 ins. to 40 ins., had very little, if any, effect on 
the per cent of marketable potatoes. The plats receiv
ing less water than 15 inches were evidently affected 
by the amount of water applied, the larger amount of 
water applied the greater the per cent of marketable 
potatoes. Of the four plats receiving 15 inches of 
water, plat 259A received one more' irrigation than 
plats 257 A and 258A, which had practically the same 
soil depth and this factor may affect the yield of mar
ketable and unmarketable potatoes. Plat 261A also 
received 15 inches of water, but applied in six irriga
tions and the per cent of marketable potatoes was 
much greater than with any of the other plats receiv
ing the same amount of water, and equal to plat 262A, 
which received 27 inches of water in five irrigations. 

It appears that not only soil depth and amount of 
water appUed affect the quality of the crop, but the 
number of irrigations is also a factor. ' A study of this 
question emphasizes the importance of sniall amounts, 
of water, frequently applied in the irrigation of pota
toes . . 

, 45. THE YI ELD OF SUGAR BEETS. ' 

Sugar-beet growing has already become well es
tablished in, this State. Many theories haye been ad
vanced regarding the'p;roper methods of eulture, irrigat
ing and harvesting this crop, but it cc1nnQt be said that 
these th89ries have been based on scientific experimen:. 
tation . . The sugar beet is E specially susc~ptible to the 
influence of water, and, as y.et, no data .have been ob
tained bearing on the question as to the pr'oper amount 

, of water to apply ~ the proper t,ime of application, or 
the proper mod~ of applying the water. ' 

It was thought, in planning the irrigation experi
ments, ·that the importance of this crop in Utah justi
fied an expendHure of considerable energy and means 
in attemptipg to arrive at some defi11ite knowledge 
conc.ern~ng its water requirements. For this reason 
fourteen plats were devoted to experilnents in irr'iga
tion of sugar oeets. These plats are situated on the 
southwest corner of the fal'm next to the orcha['d, and 
before the undergrounJ survey of the farlI~ was maGe, 
were considered 'to be about the best on the College 
farm. As will be seen by the table, the soil depth va
ries froln eight inches to fifty-two inches , the average 
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depth for all the plats being twenty-eight inches. 
During the years of 1890 and 1891, corn was grown 

on these plats, then followed oatE, clover, wheat, tim
othy for two years, oats, peas, millet, and during the 
season preceding these experiments, sugar beets were 
grown on plats 343 and 350 to 354 inclusive, oats 
on 361 to 365 inclusi ve, corn on plat 367 and wheat on 
plat 374. Each year, well-rotted barnyard manure has 

. been applien at the rate of about thirteen tons to the 
acre. 

The plats were one-twentieth of an acre in size, 
and the beets were planted in rows twenty inches 
apart. 

The variety of sugar beets usen in the experiment 
was German Kleinwanzlebener, a variety representing 
one of the highest grades of sugar beets. Experiments 
conducted here show that the tendency of the seed of 
this variety to produce a rich beet is well marked. 

Owing to the necessity of manuring .the · ground, 
during the winter of 1900 and 1901, plowing was delayed 
until April 24th, 1901, and the seeding done 011 the two 
following days. A Planet Junior drill was used for 
seeding, and the seed sown at the rate of fifteen 

. pounds per acre. 
The season was favorable for the growing of beets, 

as evidenced by the yields obtained; the average yield 
for this particular experiment being 16.48 tons per 
acre. Owing to the excellent preparation given the 
land, and the good stand obtained, the hot wind of 
May 24th and 25th had very little effect, and the beets 
were all thinned betv een Ma.y 31st and June 5th. 

Plats 354 and 366 were irrigated by the furrow 
method , the remainder of the plats being flooded. 

On June 13th, the growth on the following plats 
was uneven, and gave evidence of a pressing lleed of 
irrigation: 343, 353.354, 365, 366, 367 and 374. 

Plat 354 was very gravelly, the gravel coming to 
the surface over most of the plat. In the above list, 
five out of the seven plats were the most shallow plats. 
The sugar beets on the remaining plats were appar
ently not suffer .ng from water on this date, the growth 
was even~ the tops on the average about six inches 
high. 
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TABLE NO. 79.-IRRIGATION VS. YIELDS OF SUGAR BEETS. 
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15 2005 4 .25 ............ 4.09 4.56 3.59 ................ , ....... 3.46 ............ 14.45 6384 2: 
365 12 20.(,9 4.40 ............ 4 .35 4.38 3.32 ........................ 3.64 ............ 14.69 7357 rn 
361 33 2017 4 . 18 ...... , ..... 4.14 4.18 .... "13.94 . .......... .. .......... 3.73 .. .......... 3000 14916 . 
364 26 23.27 5.00 ............ 5.00 4.42 ...... 3.29 ........................ 4.56 ........... 20.34 10617 
374 52 25.99 ...... 6.18 ...... 3.21 8.11 ...... 3.73 ...... I .................. 4.76 .. ........ . . 19.11 3596 
367 ~2 26 6.6 ...... 9.26 ...... 5.74 3.87 .... "14.15 ........................ 3.64 .. .......... 1926 9387 
3431 8 52.96 6.14 ....... . .... 6 .63 5.00 4.99 5.02 ...... 5.00 5.00 .. .... 5.00 4.94 ............ 13.20 7025 

~ 
--.J 
\0 
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The beets were planted on April 25th and harvest
ed on October ~2nd, making a growing season of 180 
days; though undoubtedly they could have been ' har
vested a week earlier, without serious detriment either 
to tonna:ge or sugar content. The irrigation season 
was 88 days. ' 

The question of the effect of tillage was also stud
ied in , connection with the irrigation work with sugar 
beets, and the following outline gives the dates of cul
tivation. The cultivations were made with a hand cul
tivator. 

TABLE NO. SO.- DATES OF CULTIVATION OF 
SUGAR 'BEETS. 

Plat Plat Plat Plat Plat Plat Plat Plat Plat Plat Plat Plat Plat Plat 
366 351 350 352 362 354 363 353 365 361 364 374 367 343 

~ t...., ~ t...., ~ t...., ~ ~ ~ ~ ~ ~ ?' ~ t: C t: t: ...... 
ill 0 ill 0 ill 0 ' ill 0 ill ill ill ill ill 
'< (I) '-< (I) '-< (I) '-< (I) '-< ~ '-< '-< '-< '-< 
tv tv tv tv '" tv tv tv ~ tv tv tv tv N 
;--t ' 9 ;--t ? :--1 ~o ;--t 9 ;--t ;--t ;--t ;--t Y' ~ 
t...., ~ ~ ~ ~ ~ 

~ 
~ ~ ~ ~ ~ t...., ~ 

t: t: t: t: t: t: t: t: t: t: t: t: 5 t: 
0 ~ 0 ~ ~ ~ ~ ~ 

::: ~ ~ ::: 0 
(I) (I) (I)' (I) (I) (I) 

~ 9' tv 9' 9' 9' 9' 9' ~ 9' 9' ...... ~ tv 
~~ 

~ 
9 

~ ~ ~ ~ ~ ~ 
JV ~ .:--

~ c ~ 
~ t: ~ t: t: t: ~. c ~ ::: t: , ~ ~ ~ 
t: 0..< t: ~ ~ ~ ~ t: ~ ~ c t: t: 
~ ~ ~ ::3 ~ ~ 

~ N ~ ~ '~ tv tv N (I) 

Y' ~ ~ ~ Y' V' ~ tv ~(}1 f7J 
~ .:-- ~ t...., .:" ~ t: t: t: t...., ~ ~ t: 
~ 

~ ~ ~ t: ~ t: 
~ . ~ ~ t: ~ ~ 

~ ~ 
~ 

~ tv ~ .;- ~ IV p; tv 
~ tv ~l 9' V' ~ 

July 13, July 13, July 13, July 25. 
16, 16. 16, 
18, 18. 18, 
20,- 20, 20, 
23, 23. 23, 
2;' 25, 25, 
27, 27, 27, 
3 '), 30, 30, 

Aug. 1, Aug. 1, Aug. 1, 
3, 3, 3. 
6 , 6, 6, 
8, 8, 8, 

10, l l ) , 10, 
13, 13, 13, 
15, ]5, 15. 
17, 17. 17, 
20, 20, 211. 

Sept. 3, Sept. 3. Sept. 3, 
~, 5, 5, 
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The highest yield of sugar beets was obtained 
from plat 361. This plat has a little greater depth of 
soil than the average for . ~ll the plats. It received 
20.17 inches of . water in as nearly fiv(~ equal distribu
tions of water as it was possible to make. The plat 
received but three cultivations. The smallest yield 
came from plat 354 which received 17.78 inches of 
water in eight ,irrigations. The small yield ID.ay be 
due to the small amount of water applied on June 14th, 
when the first . irrigation of sugar beets was made. 
This plat received 23 cultivations. 

The difference in yields in plats 351 and 350 may 
be ascribed either to the difference in the number of 
irrigations or- in the number of cultivations. Pra.cti
cally the same amount of water was applied, the soil 
was of nearly the same depth, yet, plat 350, which re
ceived five irrigations and four cultivatiops, gave a 
gre·ater- yield by 3.3 per cent than plat 351, which had 
four- irrigations and twenty-three cultivations. 

Plat 354 also received twenty-three cultivations 
and eightjrrigations,'yet the yield in this plat was not 
quite one-half that of plat 362, whic:h received about 
the same amount of water in five irrigations with the 
same number of cultivations. rrhe depth of soil of 
plat 35,4 was only about one-half of that of ;":62, and 
this was evidently a considerable factor, though the 
method by which the water was applied may have also 
affected the yield. 

The yields of plats 353 and 365 are nearly the 
same. About the same amount of water was applied 
in the same number of irrigations, the only difference 
in treatlnent, being in the extra cultivation which plat 
365 received r and, as will be seen, it seeming'ly had no 
effec~ as far as the yield was concerned . 

. Plats 374 a:r;-.d 367 received as nearly the same 
amount o,f water as it was possible to apply. The 
larger amounts of water were applied on plat 367, dur
ing the fore part of the irrigation season. Plat 374 
received the smaller applications of wa.ter ·during- the 
early part of the irrigating season and the larger ap
plicatiuns during the latter part. If we consider the 
difference in the depth of . the soil on the two plats, it 
seelns safe to. conclude that the larger yields are ob
tained with a given amount of water if the larger ap-



182 BULLETIN NO, 80, 

propriations of water are nlade during the fore part of 
the irrig'ating season. 

Plat 343 received 52.96 inches of water in ten ir
rigatiol~s. The soil on the plat was very shallow 
though a fairly good yield was obtained. It is evident, 
however that at least one-half and probably more of 
the water applied to this plat was wasted. 

Furrow versus flooding for sugar beets :-Two plats, 
354 and 366, were irrigated by the furrow method, the 
remainder of the plats being flooded. It is rather in
teresting to note that the smallest yields were obtained 
from these plats. · Plat 354 has already been compared 
with 362, which received water on the same day and in 
about the same amount for the season. In this in
stance best returns wel'e obtained by the flooding 
method. 

Plat 366 gave next to 354 the smallest yield of the 
experiment. The plat received 13.47 inches of water 
in five irrigations and was cultivated four times. 

The results of this reason's work in irrigating sugar 
beets were certainly not fav0rable to the furrow 
method. 

The highest yield of sugar beets was obtained 
from the plat .receiving 20.17 inches of water, and 
water applied in greater amounts was seemingly inef
fective as far as the yield is concerned. 

46. THE YIELDS OF GRASSES AND 'LOVERS. 

According to the report of the value of farm prod
!l:.cts of Utah ' taken from the twelfth census, the value 
-of hayano. forage in this state exceeds the value of 
~any other fann product, being equal to 83,86:2,820 for 
the census year. In the irrigation of hay and forage 
<crops in general, it bas been the custom to make use 
.of the water at such times 'as it is not needed by other 
-crops of the . farm. Many of the meadow lands are 
.situated in low lying places where much of the seep
.age water from the higher lying lands can be utilized, 
.and it is doubtful if the same 'ilnportance attaches to 
the irrigation of gras::;es and clovers as of other crops 
·of the fal'm. . 

The grasses and clovers in this experiment were 
' ~own April 6th, 1900, with the exception of the timothy 
(on plats 371 , 372 and 37.{, which was sown on April 19th 
.of the saIne year. All plats were sown with a Superior 
liiress drilL Previous to seeding-, the plats had identi-
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cal treatment from the time cultivation on the farm 
began. Most of the plats are shallow and the yields 
,reported are exceedingly low in some instances, and in 
~no instance is the yield satisfactory. I t should be 
.stated, however, that only the first cutting of lucern is 
.recorded. Table 81 is inserted more as a matter of 
record than for any other purpose as most of the irri
.gations were made after the crop here reported was 
removed and, of course, had no effect. 

'TABLE NO. 81.- IRRIGATION OF GRASSES AND CLOVERS. 

' --.-~.~~--. ------------------------------------------

o .!....; Dates of irrigations-amount of water 
~ rd ~ applied to plat in inches. 
~~~ \O'IN' '0 '0 ri· 
8~ N' N· \:. s:l' • ri· 

.~ g ii CROP. ~~ I ~i ~: :: ~ ~~ 
..... ~ (.) 0. ...... ~ Q) ~ ..... ....: ~V): ... ~. . '0 

..., s:l 0. .--. .. s:l - ,.... " ,..... '-W 0.. \: 
~ ~'''I'J ~rd I ~rd ~ri I ~N < I J)rd 

·371 15.15 Timothy ........ .. ... 5.49 4.56 - ~~~5.lo 
372, 19.44 Timothy. . ........... 7.50 5 .08 ..... ,............ 6.86 
373 ~1.98 Timothy ............. 5.00 5.23 5.00 ............ 6.75 
348 18.67 Timothy ... . ......... 4.99 6.50 3.60 ...... 3.58 
349

1

' 36.8~ Ti.mothy .... .......... 10.00 7.88 10.()0 3.80 ...... 5.12 
-344 16.1=> ~'l1xed grasses ....... 4.05 3.18 2.93 2.68 3.28 
M5 29.83 Mixed grasses ....... 8.24 4.01 5.00 3.70 1 5.00 3.88 
357116.60 Red clover .......... 3.63 3.73 3.87 2.68 2.69 
·358 33.28 Red clover .... ... ... 8.21 5.51 5.00 4.5() 5.00 5.00 
368 1925 Alfalfa .............. 5.00 3.32 3.33 3 42 4.18 
369' 29.l'U Alfalfa .............. 7.62 4.98 7.50 3.90 5.00 
37°145.00 Alfalfa ... ........ .. 9.82 7.05 10.00 10.01 3.12 5.00 
34620.10 Alf. & Orchard grass 5.86 3.32 4.19 3.59 3.14 
347133.45 Alf. & Orchard grass Y 12 4.84 5.0lJ 4.56 5.00 4.93 
35Y 20.18 K entucky blue grass! 5.10 3.73 4.15 3.32 3.~8 
360, 37.40 Kentucky blue grass 10 95 595 5.l0 5 .94 5.00 4.56 
355 21. 43 English rye grass ... , 4.46 4.00 4.98 3.70 4.29 
3:;6' 33 50 IEnl[lish rye l[rass ... ' 8 .30 5.26 5.00 4.47 5.00 5.53 

The cutting or all the plats was made on June 18th, 
so only irrigations made prior to this date should be 
considered in connection with the yields. . No yields 
are reported from these plats for the season of 1900, 
altho:ugh all plats .made an excellent stand. We con
sidered it better, however, for this experiment, to al
low the plats to becolne well sodded before beginning 
the experiment. During the season of 1900 each of 
the plats received three irrigations, though no meas
urements of the amount of water used are recorded. 
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TABLE NO. 82.-IRRIGATION VS. YIELD OF GRASSES 

AND CLOVE RS. 

o 
Z 
~ 
0: 

CROP. 

371 Timothy.. . . . . . . . . . . . . . . . . 31 
372 Timothy. . . . . . . . . . . . . . . . . . 27 
373 Timothy. . . . . . . . . . . . . . . . . 33 
348 Timothy ................. '112 
3~9lTimothY " . ... . . .... . . . . . . 17 
3~7 Red clover.. . . . . . . . .. .... 11 
358, ~ ed clover . .. . ............ , 25 
344,Mixed grass.. . . . . . . . . . . . .. 23 
345 Mixed grass... ... ....... 24 
368 'Alfalfa.. .... . ...... . . . ... 32 
369 Alfalfa. . ..... . ........... 25 
370 Alfalfa.. . . . . . . . . . . . . . . . . . . 18 
346 'Alfalfa and orchard grass. 24 
3471Alfalfa and orchard'grass. 22 
359.Kentucky blue grass. . . . .. 14 
360 Kentu.;ky blue grass. . . . . . 44 
355 English rye grass.... . .... 21 
356 Eng-lish n e g-rass . .... .. . . 21 

~ Amt of water apl'd ~ v ... ..c~ 
ell in acre inches. '+-< ;d 
~ 0 ~ 

'+-< • :::1 ~ 
o ~ .~ en 
00:':: ~ \0 - 00 .... .0 

~g: c:. ~ c:. 3~ 
t) ell ell ell ell o.~ 

~ ~~.I_::.B_ f-4 

5 .49 
7.50 
5.00 
4.99 

10.00 
3.63 
8 .21 
4.08 
8.24 
5.0U 
7.62 
9.~2 
5.86 
9.12 
5 .10 

1.0.95 
4.46 
8.30 

5.49 . ......... . 
7.50 ...... .. . , .. 
5.00 ........... . 
............ 4.991 

.... 10.00 
...... 4 .63 ..... . 
...... 8.21 
............ 4 .08 
... _ ... . .... 8 .24 
5.00 ..... , ..... . 

...... 7.62 . .... . 

...... 9.82 .. ... . 

............ 5 .86 

............ 9.12 

........ . ... 5.10 

...... 10.95 

...... 4.46 .... .. 

...... 8.30 ...... 1 

3576 
6496 
oli96 
1070 
2260· 
1470· 
2650· 
2010 
2380· 
:WOO· 
2624 
2904 
2200 , 
2840 
2064 
4800 
1672 
1376 

Table No. 82 gives the actual condition showing' 
the depth of soil, the amount of 'water applied, the 
dates of irrigation, and the yield. The later irrigations. 
were made in connection with the work in soil 
moisture determinations, and also to determine the 
effect of . these late irrigations on the yield of the suc
ceeding year. 

A study of table No. 82 brings out again the fact. 
that soil depth is an important factor in deter~ini~g 
yields. With the timothy plats the smallest yield was. 
obtained from the plat having the least soil depth, al
though this plat received the greatest application of 
water . . All of the timothy plats were exceedingly dry 
when the water was applied, and the first application 
of water was m.ade but three we.eks before the crop. 
was harvested. The largest yield of tilllothy, some
thing over three tons pel' acre, was obtained from plat. 
372, which had a soil depth of 27 inches, and which re
ceived 7i inches of water. The second best yield was 
obtained from plat 373, which had an average soil depth. 
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-of 33 inches, and which received five acre-inches of' 
water. 

It is difficult to explain why the yield of plat 373 
is greater than that of plat 371 which has practically 
the same soil ' depth , and which received. water the 
same day, although in a slightly g.reater amount. 

With the two plats devoted to red clover there are 
two factors which account for the greater yield of plat 
-358. Both the soil depth and the amount of water ap
plied exceed by more than] 00 per cent that of plat 
.357. 

In the case of the mixed grass plats, the soil depth 
is praetically the same and a greater yield of plat 345 
is undoubtedly due to the larger application of water. 

The yield of the alfalfa plats varies directly with 
the application of water. Although plat 370 had but 
18 inches soil depth as compared with 32 inches for 
plot 368, yet an increase of 4.83 inches of water result
·ed in increasing the yield at the rate of nine hundred 
pounds per acre. 

The effect of water is again noticeable in the case 
-of the two plats sown to alfalfa and orchard grass. An 
increase here of ;1.26 acre-inches of water resulted in 

. ·an increased yield of 6:10 pounds per acre. 
With the Kentucky blue grass, part of the in

·creased yield of plat 360 may be due to the greater soil. 
depth of that plat. The other factor is the increased 
application of water. 

Plats 365 and 363, sown to English rye grass, have 
the same soil depth. In this case the plat . receiving 
the slnallest amount of water gave the greater yield. 
This instance seems to be the only exception to the 
rule that the greater the quantit.y of water applied, the 
greater the yield obtained. In each case it seems evi
-dent that the maximum amount of water to be applied 
was not reached; or at least if ·the limit was attained, 
we have no evidence of it in thes9 experilnents. 

The experiments now in progress in the irrigation 
-of grasses and clovers will undoubtedly bring man'y 
facts to light concerning the requisite number of acrE
inches of water to use, and the correct time of applica
tion. 

In a bulletin published by' this Station some years 
ago, the same conclusions were reached as are pre
sented in this, table, to the effect that the maximum 
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yield was obtained fronl those plats receivinQ· the max
imum alnount of irrigation. If this experiment should 
be installed on soil having a greater depth than that of 
the College farm, it may be possible to find a lilnit of 
profitable application of water in the irrigation of 
grasses and clovers. 

47. PO DS OF WATER FOR ONE POUND OF 

DRY 'MATTER. 

The following table has been construct ed in order 
to furnish ready comparison of OUt" results with those 
obtained by other in vestigator.s, who have expressed 
their data on the water requirements of plants in terms. 
of the pounds of water for one pound of dry Inatter. 
The facts contained by the table have been fully dis
cussed in earlier sections, in which conclusions may be 
found. 

In obtaining the data of the following table, the 
total amount of irrigation water appli~d, the rainfall 
from seeding to harvesting, and the difference in the 
percentages of soil llloisture o~ the days of seeding and 
harvesting, have been taken into account. Proper al
lowance has also been made for soil depth . While the 
results are not absolutely correct, they cannot be far 
from the truth, for the care with which the work has 
been done, and the number of checks employed, would 
make any irregularity very evident. 
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TAnL8 ~ 3.-P UNDS OF WATER USED TO PRO DU CE ONE· 

PO UN D OF DRY MATTER. 

\-. ClJ .... ClJ \-. '" . Q)..., c:: , . '\) s::: . ClJ ::: ~ ...., :l o .c:; 0.. o \-. 0.. :a :l ClJ o Q) . 
::: .+; \-.:;:: 1-< • 1-<"'" I- . ~ :::: 

Q) .. ~ ~ ClJ"'" 0'" Q) .... o cd: 
'+-tl-

...., ,:) '+-tcd ..... ) '- c: 
\-. :: cd ,:) 

I- E rc; ,:) o ~ ~ ...... >'+-t I- -

0 
::s ClJ>, 0 ~O 0 ~ O· (/)0' '" Q) 

,., Q) 

~:a l- \-. 
Z '0 (/) Z '+-ted 

:;~ Z ...... :a ;'0 c 1-0 o ::s ::: 
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. .0 . 0' • .0 -:d .0' .n 0 0.. (/) - cd (fJ (/) (/) ...... (/) .Ii rI . ........ 

0: Q., :S 0; ~ . ~ 0: ~ ~ 

Sugar Beet s . P0t a toes . Wheat. 

366 103.70 190 ~ 255 .\ 78 .47 1477 317 4 1.S5 767 
3 ~1 109.11 815 25 .-\ 87. 95 3070 3 20 63.74 1141} 
350 115.00 56+ 257A 114 .2 ! 3'81 318 66. 04 410 
352 119.74 712 258.\ 114 .90 2029 319 44.4+ 709 
362 IH.27 627 259.-\ 114 .34 1278 321 6644, R45 
35 + 126.15 19'+3 261 A 11 8 .61 1100 325 83. 47 61 
353 137.4- 922 260 \ 142. 66 97.5 3.!2 8 . 0 

1

1455 
363 U7 .8') 616 262 .-\ 179.59 14 9 327 1' 1:) 511 1411 1 
365 13 .13 818 263 .-\ 246.90 1415 328 127.34 IS·la 
36 1 13 .59 472 330 ~29 . 2() J 4353 
364 15+.74 635 Oats . 
374 16 .91 846 Curn. 
36i 172 .40 80n 293 55.79 2134 
3.+3 314. -3 2727 296 83 .19 1069 2-9 223. 18 801 

29+ 95.4 - 10M 2.~5 215. ;2 1249 
295 97. 12 1261 260 1293Z 617 
297 10 1.01 I <)13 256 . 13+ 48 9 ~ 5 

29 98 .95 956 2-7 1l'3 38 815 
299 175.88 95 ~ 26 1 103.39 633 
300 288 .44 1384 262 6+.32 394 

258 6 ~. 32 571) 

An examination of this table show::s, as already 
discussed, that the amount of water required for a def-· 
inite amount of the crop varies greatly with the t otal 
alllount of water applied . It is not true , for instance,. 
that doubling the amount of water will double th 
amount of dry matter, or that any other such regular 
variations occur. Still , it is true that some plants have 
greater water requirements than others, independent of 
the total quantit} of water used. Thus from the above 
table it would appear that potatoes possess the high
est water requirements for one pound of dry ma,tter, 
and oats, wheat, sugar beets and corn follow in the or
der named. It is an interesting observation that this 
is practically the order in which these erop:s stand, 
considering the rate with which they take water froln 
the soil. (See section 22.) 
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It is, of COUl'se, to be remelnbered that :the btate
ments for potatoes and sugar beets }'efer only to tuoel'S 
and roots. Were the tops added, the number of pounds 
of yater per pound of dry matter would bcco1n:e s1TIaH~r. 
Wer'e this correcti()n Inade, it is probabl -:- that potatoes 
would still head the list; while it is equally probable 
that sugar beets would stand last. 

Professor F. H. King has determined, by pot ex- , 
periments., that in Wisccnsin, about 450 pounds of '\<v.atel' 
are required by the ordin~ry farm crops, for the pro
duction of ODe pound of dry ruat ter.';'- Durhl.g' the 
SUlnmer of IDOl, a few pot experiments we\'e conducted 
by the Utah Experiment Station, and it was fou.nd that 
from 817 to ]208 pounds of water were l'€quir€d :for one 
pound of dry matter of sugar beets, eO"n and wheat, 
under the climatic conditions of Logan. t Since this 
amount is much larger than that obtained by Professor 
King, many questions were asked conc€rning t.he valid
ity of our' results. The da.ta of table No. 83 ,confirm 
the view that under ordinary conditions of irrigation in 
arid countt'ies more water is required for one pound of 
dry matteI' than is the case in humid districts. Elab
orate pot experiments on this subject were carried on 
in 1902, the results of which will be published in a later 
report. ' 

The fact that the relative rate of loss of soil Inois
ture, and the requirements per pound of dry matter for 
different crops coincide, leads to the thought that 
plants, through which water passes slowly\ are able to 
make better use of the water for producing organic 
substance, than are those through which water 1 ~s es 
ml re rapidly. Why transpiration is greater' with 
some plants than with others, is not yet known. 

48. THE VARYING VALUE OF W ATER~ 
It must be clearly understood that in an irrigated 

country, where a farm is valued not so much for the 
acres it embraces, as for its water right, it is not so 
important to obtain the highest yield of a crop per 
acl'e, as it is to secure the greatest crop yield for the 
quantity of water used. The experiments already dis
cussed, delTIOnstrate very clearly that the increa e in 
yield does not keep pace with the increase in irrigation; 
and that, therefore, the highest acre and water yields 
are not coincident. 

*KiJlg, Irrigation and Drainage, p, 46, 
tBulletin No. 75, Utah Station, p. 73, 



IRRIGA TION INVgSTIGA TIO~S. 189 

In the table which follows the results obtained 
iroln the work with wheat and oats have been so ar
ranged as to show the different yields of the Cl'OPS pro
,duced by diffet'ent amounts of water. The conclusions 
hold, primal'ily, for Utah bench lands" and may be 
'ml)dified somewhat by later investigations. 

TABLE NO. 8~.-,THE VARYING VALUE OF WATER WITH 

WHEAT AND OATS. 
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:J : Increase dry matter per Increase of bushel s of 
~ a~re in Ibs. g rain per acre. 

....... 
:>-.:; 

IlJ 
I/l '= 
IlJ ::l, 
..c::l, 
~ :0 

.319 ~8 .. c; 0.00- 489 + 89 
320 J 9.0 4.89- ~ , 7 3 3.8-+ 
.321180 8.73- 10.30 1.57 
.329 18.11 lO.3·)- 31) 0) 1970 
.3;!210.0 (I uO- 12.HS U . 18 
,327120 12 18- 17 . . ~0 5.::2 
.328 11.0 17 .50- 21 11 3 61 

294 
.29637.5 0.00- 13.21 13.21 
297 
.298365 13.2l- 1501 18') 
299 36.u 15.01-30 ('0 1499 
293160 000- 6-u~, 8~6-. 9-8----~----------------------~---

29523.0 6 .98-14 6~ 7 70 
.300 2Y.0 14 68-40.uO 25.32 

The first 4.89 inches of water applied to a wheat ' 
-field with soil between 18 and 19 incltes rieep, yielded 
233:) pounds of dry matter; the next 5.41 inches gave 
1092 pounds, and the next 19.70 inches only 1J96 
pounds of dry matter. C9nsidering bushels of grain, 
-the greatest rate of gain came with the water applied 
between 8.73 and 10.30 inches. While the first fe .v 
'inehes of water applied produced a large amount of 
,dry matter, they were incapable, apparently, of devel
,oping large heads. This, then, is left to be done by 
later applications of ' water. The first 10.30 inches 
produced 14.06 bushels of wheat per acre, while the 
next 19.70 inches produced only 12.00 bushels . In the 
second part of the se~tion on wheat, dealing with 
shallower soils , it is shown that the first 12.18 inches 
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of water produced 2114 pounds of dry matter, and 11.66 
bushels -of grain per a:3re, while the next 8.93 inches 
produced only 1144 pounds of dry matter and 5.67 
bushels of grain per acre. The rf. te of increase per
inch of water decreased steadily with irrigation be
yond the first 12.18 inches. From these results the 
luaximum rate of iner ase Inust occur when the amount 
of water applied lies between 10 and 12 inches, 

Of the two sections dealing; with oats only th ~ .. 
nrst is strictly reliable. The second contains plats 
with varying sail depths, which leads to irregularities. 
that make correct camparisons very difficult. 

In the first section, the rate of iner ase of dry 
matter and grain increases up to 15.01 inches; it then 
decreases rapidly. The first 15.01 inches yielded 4665 
pounds of dry matter and 5l5.88 bushels of grain per 
acre; the next 14.99 inches gave anly :~385 pounds af 
dry matter and ~8.88 bushels af grain per acre. This 
caincides with the results abtained with wheat, thaugh 
the maximum rate af increase is about 15 inches for 
aats, as campared with 10 to 12 for wheat. 

In the second section under the headino' "aats, > 

the tatal dry matter for the first 14.68 inches is 3353 · 
pounds, while the next 25.32 inches praduce 3835 
pounds. In yield of grain, hawever, the last 25 inches 
are as effective inch for inch, as are the first fifteen. 
This is due, prilnarily', to. the difference in the depth of 
the oils an the three plats under consideration; thaugh 
the very late waterings received by plat 300 may have 
m.ade p03sible an extensive translocation af the nu
trients. Far these reasons reliable canclusians can~ . 
not be drawn from this sectian. 

The data for wheat and oats, that have just been 
discussed, agree in shawing that the greatest yield of 
dry matter and grain, per acre inch, may be abtained 
with amething less than 15 inches af water. Where 
the farmer can get the water a larger amaunt is almost 
invariably used. Prafessor Elwaod Mead in Bulletin 
No.. 119, Office af Experiment Stations, page 25, states 
that the investigatians in his charge have shawn that 
the average use of water in Arizana, Montana, Nevada 
and Utah, amaunts to. 34.88 inches far wheat and 23.68 
inches far aats. Fram the investigatians reparted in 
this bulletin, jt is prabable that less water, applied to 
larger areas, wauld be mare prafitable. As an illustra~ 
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tion, table No.5, based on the results of tables Nos. 
72 and 7- , has been prepared. It shows the relative 
effect on the yield of wheat and oats, when 30 inches 
(If water are applied to one a~re , or 15 inches to two 
acres. 

TABLE NO. 5.-BEST USE OF WATER FOR WHEAT 
AND OATS. 

CROP. 

vVheat, dry matter, Jus l-'er acre . .. . . . ... . . . . . .... ... . . 4175 6~ 
Wheat, g rain , bushels per acre ............. . ......... . 24.44 34.96 
Oats, dry matter, Ibs per acre ...... ... . ........... . .... 8050 9330 
9ats, g-rain, bushels p~ ._acre .. .. . ... . . .... . ..... ... . 85 00 113.76 

The result as shown in this table is most ilnportant. 
The same amount of water Iuade to cover twice the 
area of ground, increased the yield of straw and graill 
by nearly one-half for wheat, and neady one-third for 
oats. Whether the increased cost of pJo'wing seeding 
and harvesting the second acre is Inore than compen
sated for by the increased yield, is a question which 
the individual farmer must settle. If it does, we have 
here a means of extending largely the irrigated area. 

Table No. 6 exhibits the data obtained from the 
experiment with corn . 

TA.BLE :KO. 86.-THI~ VARYING VALUE OF WATER 
WITH CORN. 

--~-. 1-
0 .. Q) : I[Jcreased dry matter Increase of bushels of 'fJ ~ ..s::Q) t: ~ per acre . grain per acre. 
~..s:: .... Q) ::= 0.(,) Q) - ...... ...... 
Q) C ..s::cd 
'tl .... .... ~ "'" 

0 0 

0 Q) C ...... Q) 
0-0 ..s:: • ..s:: 

Q) (,) I-. (,) I-. 

Z c.c· ... o If) rJ):':: c! - Q) 
rtl .... ..... rd Q) :l. ';:d ~ .= ~ I-. rd . ... Q) .... rd 

~ Q)- E I-. ..s::a. 
0 I-. ... ~ ~ t>:l. .... (,) (,) rd Q) ... 0 

0: ~ ...J c ~ ~ ~ ~ H 

Curr!. 
258 20 0- 7.50 7.50 4914 655 35.14 4.69 
257 19 7.50- 15.00 750 612 81 11.14 1.48 
256 14 15.00- 19.97 497 675 136 3 .tO 0.60 
255 25 19.97- 36.53 16.56 1314 7t 211.00 1.21 
262 48 0- 10.UO 10 OU 7361 736 5786 5.6\4 
261 36 10. - 15.00 5.00 242 48 1.85 0.37 
261) 40 15.00- 19.98 9.98 1692 ]7·, 18.29 1.t'\3 
259 36 19.98- 33.00 18. 02 3329 171 5.71 0.32 
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The soil depths of the corn plats were quite varia- . 
ble, and the yields of the crop are, therefore, not 
strictly comparable. An examination of the table is 
convincing, ho\\'ever, in the lower value of water after 
the first 10 or 15 inches have been applied. In the 
first section~ with the shallower soils, the first 7.50 
inches produced 4.69 bushels of corn per inch of water; 
the next 7.50 inches, 1.48 bushels per inch; the next 
4.97 inches, 0.60 bushels per inch, and the next 16.56 
inches, 1.21 bushels per inch. Although the last ap
plications produced more corn per inch than the appli
cation just preceding, yet it fe11 far short of the inch 
increase of the applications up to 15 inches. 

In the second section, the deeper soils, the results 
are almost the same; though the period of least growth 
comes between the 10th and 15th inches, instead of the 
15th and 20th. In both sections much more than half 
of the highest yield of corn was produced with the 
first ten inches of water, and the indications are that 
the Inost. profitable productIon of corn is reached with 
somewhat less water than is the case with wheat and 
oats. In both sections~ also, there was a period, be
fore the .maximum yield was obtained, during which 
the gain per inch of water was at the Ininimuln. Since 
the ' two cases coincided with the shallowest plats in 
the sets the explanation may be found there, and not 
in any peculiarity vf the corn plant. 

'.;Vable No. 87 shows the possibility of 30 acre 
inches, when applied to one or two acres of corn. 

TABLE NO. 87 .-BEST USE F WATER FOR 'ORN. 

30 inches of water over 15 inches of water oVl!r 
one acre will produce two acres will produce 

Dry matter, Ibs . per acre 
Corn, bushels per acre 

9101 
70.77 

12645 
104.99 

-------- -------------- ---------------------------

Nearly one-half more ear corn, and one-third more 
dry matter were obtained from 30 acre inches over two 
acres, than were obtained when the saBle amount of 
water was applied to one acre. The amourt of water 
applied to corn in Utah, where water can be obtained 
is certainly more than 2-1- inches, and often past 30 
jnches. Again, the query arises, will bhe increased 
yield obtained when 30 acre inchr;s are applied to two 
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acres, compensate the farmer for the extra work ' of 
caring for twice the area of soil? 

Table No. 88 gives · the data obtained with pot a
toes. 

TABLE NO. E8 .-THE VARYING VALUE OF WATER W-ITH 

POTATOES. 

'+-! V I-< 
0 CIJ V : Increased dry matter Increased number of 

C1:S ~ ..s:: v bushels 
0- I-< ~ U 
V ~ : ..., ..... 
'0 . ... I-< ..... 0 0 

0 
~v 0't:l ..s:: ..s:: 

~: 0 ..... 
cd v U I-< U\'( 

Z cd - ~~ cI1:'::: s: v ~ V 
I-< cd CIJ~ -;;; ..... ~ 3 .... ~ ..... v- E'+-! ..s::o.. 

"' >0-. . ... 0 U C1:S 0 ~ ~ 0 ~ == P: <: ~ 
~ ~ Po. E-4 Po. H 

255A 
256:\ 21 0- 904 9.0'4 ]23.33 13.75 178 l 197 
257A 
2S9A 26 9.04- 15.00 5 .96 60.66 10. 18 9~9 159 
261A 59 0- 15.00 15.00 523.66 :!.!.18 4699 
262A 54 15.00 27.0U 12.00 30.UO 2.5u 534 
263A 59 27.00- 40.CO 13 .34 J6534 1218 2·3iO 

The diminished value of the acre inch, as the total 
amount of irrigation water applied increases, which 
has been shown to hold for wheat, oats and corn, holds 
also, though in a more limited degree, for potatoes. 
Nearly twice as many potatoes were produced with the · 
first 15 inches of water as were produced by the next 28; 
and in another set, the first 9.04 inches produced near
ly two ' and a half times as many as the next 5.96 inches. 
There can, therefore be no question regarding the 
greater value of the first water applied. 

'TABLE NO. 8q .- THE BEST USE OF WATER FOR 

POTATOES . 

30 inches of water over 15 inches of water ove r 
une acre will produce two acres will produce 

Dry matter, Ibs. per acre 
Bushels }Jer acre 

74~3 
4('6.20 

9394 
665.32 

The total dry matter was one-fourth higher when 
30 acre-inches were applied to two acres, than when 
they were applie4 to one . 'rhe number of bushels was 
one-half larger. It must be recalled, however, that 
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the yield of potatoes was highest on the plat which re
ceived 40 inches of ·water. 

The irrigation investigations of the Office of Ex
periment Stations have shown~:- that 47.52 inches of 
water is the a verage used for potatoes in Arizona, 
Nevada and Wyoming. The preceding tables make it 
very questionable if such large quantities of water are 
economical in potato production. 

TABLE NO . 90~-THE VARYING VALUE OF WATER WITH 

SUGAR BEETS . 

'+-< (1) '"' 0 r/l ! Tons of sugar beets Increase of dry matter 
~ 

,s::ciJ (1) ~ per acre, Ibs. 
..... (1) '"' ~ o..,s:: () 

'+-< '+-< (1) () s:: 0 0 'Os:: ..... '"' '+-< 
(1) . ... ,+-<(1) 0.0 or: ,s:: 

0 0 ..... (1) 
() '"' () '"' Z bD r/l ~ en::: s:: (1) s:: (1) 

~ ..... .~ ~ (1)0.. c; ......... ';; . ... ~ '"' ~ ..... (1) ...... E'+-< ..co.. co 
~ >0.. ()~ ..... ~ ~ "0 ~ ~ .... 0 0 0: -< t-l s:: 

~ ~ f-4 ~ H 

. 350 
351 32 0- 14.58 14.58 15.13 1.04 7353 . 504 
352 30 14.58- 16.55 1.97 0.52 0.26 23 ]2 
363 
361 35 16.S5- 2().10 3.55 10.34 2.90 5003 1409 
367 322(1.10- 26.66 6.56 633 10.(10 1946 1409 
353 
365 14 0-20.0720.07 14.87 0.73 6971 322 
343 820.07-52.963Z.89 1.37 O . O~ 918 56 
362 4i 0- 17.5017.50 17.14 0.98 7943 453 
374 5217.50-25.99 8.49 1.97 0.23 653 

From table No. 90 it appears that when more than 
ZO inches of water are applied to sugar beets, there is 
not only no material increase in the crop, h\:l.t there 
may be even a decrease. The irregular soil depths 
make it somewhat difficult to draw correct conclusions; 
nevertheless it is quite evident that the first applica
tions have a much higher y ield value than the later 
ones. 

For comparison with the preceding tables, the 
data in table No. 90 have been arranged in a manner 
that will show the possibility of 30 acre inches in pro
ducing sugar beets. 

*0. E. S. Bulletin IIg, p. 24. 
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TABLE NO. 91. - THE BEST USE OF WATER FOR 

SUGAR BEETS. 
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30 inches of water over 15 inches of water over 
one acre will produce two acres will produce 

23.46 20.26 

This table shows the yield for 30 inches on one 
:acre somewhat too high, for in the first section )f table 
No. 90 no account was taken of the decrease in yield 
-after the total amount of water reached 20.10 inches, 
-but 'the highest yieid was used in the BO inch column. 

The government bulletin already mentioned, gives 
-25.80 inches as the average amount used for sugar 
beets in Arizona and Montana. This number is based 
on two observations only, and does not probably rep
resent the amount used in Utah. If, however, it is 
right, it is yet higher than it should be for the most 
-economical use of water. 

These conclusions concerning the varying value 
'of water hold primarily for shallow bench lands, yet on 
-deep soils the general variation is like that here ex
plained. It is evident that considering only the crop 
yield, profitable irrigation ceases when 10 to 15 inches 
have been applied. The general practice among farm-
-ers is to bring upon a field as much water as can pos
sibly be obtained, with the expectation that the yield 
will be proportional to the amount of water used. As 
a result, <a waste of water occurs; lower lying soils are 
injured, crops of poor quality are produced, and, 
worst of. all, neighboring thirsting lands are robbed of 
the water they should receive. 

It is not at all improbable that, as lllore facts are 
gathered on this subject, and become understood by 
canal companies and farmers, even with the present 
water supply, the irrigated area may be increased one
-fourth or one-third, or even one-half. 
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FIG. 5--Amounts of wheat, oats, potatoes and sugar beets obtained by 
the use of 30 inches of water applied over one acre, or 15 inches 

over two acres. The larger quantities are those obtained 
from 15 inches over two acre . 
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D. SUMMARY OF CONCLUSIONS. 

49. UMMA Y. 

1. The results of this inv stigation hold I rimarily 
for shallow bench lands. 

2. The composition of the irrigation water froln 
the mountain str ams is quite constant uring th irri-
gation season. . 

3. The t emperatur of the water in farm ditches 
is about 54° F . for . une, 60° F. for · July: 62° F. for 
August, and 54° F . for 13 ptemb r. 

4. At the tim f the first irrigation wheat and 
oats had drained th soil more completely of it mois 
ture than had corn, potatoes or sugar b ts. 

5. Perennials us less water in arly sprino' than 
do annuals. 

6. The amount of wa t r h Id by the soil d -
creases· with the d pth. 

7. Only about 60 0/£ to 750/£ of the maxilnum water 
capacity of the soil ar utilized one day aft rirrigation. 

S. The lateral movem nt of wat I' in th soil of 
th~ College farm is about 4t fe t for th first foot; 6 
feet for the second foot. 

9. On soils lik those f th th 011 g f trnl th 
lateral mov ment of the soil water is of littl con -
q u nc to th farmer. 

10. The loss of the soil moistm is great st from 
soil which has receiv d mo t water; and is in direct 
proportion to the per c nt of moi tur in the oil im-
mediately after irrigation. . 

11. Of two soils having the sam IeI' c nt of 
moisture, th deeper soil lose most moistur . 

12. The longer th time that elap s aft r an ir
rigation, the more water is 10 t. 

13. About one-half of the wat r a ded in an irri
gation is evaporated during th first week. 

14. .f...ll tillage, ha ing in vi w the con ervation of 
soil moi ture hould b pu t into operation as OOD a 
possi bl after irrigation. 
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15. The effect on the soil moisture in changing 
the relative humidity a few degrees is very slight. 

16. Sunshine is a strong factor in causing a loss 
of soil moisture. 

17. Of tHe three factors, relative humidity, sun
shine and temperature, the last is most potent in caus
ing a loss of soil moisture. 

18. Winds cause a large loss of soil moisture. 
19. The rate of loss of soil moisture depends upon 

the kind of crop. ,The order, beginning with the most 
wasteful, is following: Potatoes, oats, wheat, corn, 
sugar beets , old lucern, red clover. timothy- and En
glish rye grass. 

20. ,The soil moisture is taken nearly at th<j same 
rate from the different depths; though the upper soil 
layer dies out first. ' 

21. The extent to which soils can dry out was 
2.13 % for the first three inches; 3.72 % for the first 
foot, ' and 4.63 % for the second. 

22. More water is lost from the furrow than from 
the row, though the soil under the row is quite moist. 

23. The percentage of water in plants and in the 
ripe seeds increases slightly with increase in irrigation. -

24. Heavy irrigations increase the percentage 
weight of the heads of plants; light irrigations increase 
the relative weight of leaves. 

25. Irrigation modifies definitely the COlllposition 
of plants and plant parts; the seeds are ' affected more 
than any other plant part. 

26. The percentage of protein in ~orn kernels was 
increased from 12.05 to ] 5.08 as the amount of irriga
tion decreased; in oat kernels from 14.07 to 20.79; in 
wheat kernels from 15.26 to 26.72. In all these seeds 
the fat and nitrogen-free extracts were increased by 
liberal wa terings. 

27. Increased irrigation increased the starch con
tent and decreased the protein content of potatoes. 

28. The composition of sugar beets seemed to be 
less strongly affected by irrigation than were other 
crops. Between 20 and 25 inches of water yielded 
beets with the highest sugar content. 

29. The water in plants is somewhat dependent 
on the water in the soil. 

30. With a given alllount of water, better yields 
of corn were obtained by flooding than by furrowing. 
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31. Late irrigation did not affect unfavorably the 
growth and yield of corn. 

32. The proportion of ear corn to stover increased 
regularly with the increased application of water. 

33. The best amount of water for corn lies be
tween 20 and 25 inches. 

34. Late irrigations were found very beneficial in 
transferring nutritive materials from oat stalks to the 
heads. 

35. Not less than 15 inches of water should be 
used for oats. and not more than 30. 

36. Late irrigation was beneficial for the wheat 
crop. 

37. The percentage of grain in the wheat crop in
creased with increased irrigations. 

38. The yield of wheat increased up to 30 inches 
of water. 

39. Frequent small irrigations of potatoes pro
duced the best yields. 

40. The percentage of marketable potatoes in
creased with irrigation. 

41. The best amount of water for sugar beets is 
about 20 inches. 

42. Crops in an arid district require a greater 
number of pounds of water for one pound of dry mat
ter than in humid climates. 

43. Water has a varying value~ The first few 
inches possess a much higher value t.han the later 
ones; and the value continues to decrease as the 
amount of water increases. . 

44. By following the indications of the vary
ing value of water it is possible that the irrigated area 
may be increased one-third or more, with the amount 
of water now used. 

45. The results .in this bulletin hold, primarily, 
for shallow bench lands. 
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