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INTRODUCTION

Farmers throﬁéﬁdﬁﬁrﬁﬁé—éountry must not only
compete with the conditions of the soil and weather, but
they must also battle continually against weeds. These are
costly and injurious in many ways and the yield of most
crops 1s inversely proportional to the growth of weeds.

The fight agalnst weeds 1s one of the routine operations on
the farm and it representa a large proportlon of the labor
necessary to produce crops. No single feature of farming
requires such universal and unceasing attention as do weeds.
Weeds are to be regarded as plants out of place. Thelr
physiological processes of absorption, conduction, and
transpiration are the same as for crop plants. The primary
reason why weeds are injurious to crop plants is that they rob
the desirable plants of three essentials for growth; water,
mineral nutrients, and light. If the weeds take part of the
molsture from the soil the crob yield is reduced. There is

a limlited amount of mineral nutrients avallable during'a
season and 1f the weeds take these nutrlents from the crop
the desirable plants are stunted. If the crop plants have to
compete wilth weeds for llght neceséary for the manufacture
of food the development of the crop is hindered.

There are vast areas throughout the world in

which water in the soil 1s the limiting factor in craop

productlion. Whatever agents contribute to 1ts conservation



ol o
or the prevention of its loss lncrease the productlve capacilty
of these areas of fertile soil. Water can best be conserved
by what is commonly called a mulch. The object of mulching
1s to maintain a uniform degree of moisture and to hold water
in the soll. The effectiveness of a mulch is brought about
by diminishing the direct influence of the agencies of
evaporation.

Because weeds use so much moisture 1t is advisable
to ascertaih how much water a plant of certain size uses and
from what levels this water is obtalned.

In the spring of 1526 an experiment on the relation
of weed groﬁth and mulching to soll moisture content was
started on the Experimental Weed Plot by students in the Plant
Physlology class. This experiment was continued throughout the
summer for the information of the writer. In the summer of
1927 the writer became interested in the rélation of cropping
systems to weed growth and to the yleld of fall wheat. Data
were collected on the writer's farm on the problem for -
general information and not for college credit. In the spring
of 1928 the problem that presented &tself was the water
requirement and root systems of special weeds encountered
in previous work. At this time the data seemed to be of such
interest and value as to warrent its organization into a thesis.

The purpose of this thesis 1is (1) to deterumine
the effect of weed growth on soil moisture and cropping

systems, and (2) to ascertain the water regquirements and root

systems under conditions for Béctuca spp. and Kochia SpPp .



PART 1

The relation of muléhing and weed growth to soll

molsture and the relation of cropplng systems to weed growth.
LITERATURE REVIEW

Effect of weede on crop érowth.

The control of weeds is one of the oldest and yet
one of the iost important problems connected with agriculture.
Because we have always had weeds with us there 1s a tendency
to accept the sltuation as lnevitable and one of the necessary
evils connected with farming. Consequently no sufficient general
and concerted effort is being made to overcome the great loss
which they cause. Observatlions have been made on the general
relation of weeds to crop growth and on noxious weeds » but
most of the literature on weeds has to do with their
descriptlion, control, and eradication. The literature that
deals with the effect of weeds on crop growth 1s much less
extensive.

Pammel(25) discusses the excessive use of water and
plant nutrients b& wéeds, the ways in which they compete with
the growing crop, and the prevention of the Proper cultivation
of the s0ll.This 1is the same Interpretation as that given by
Moiser and Gﬁstafson(al). Hunt(l5) makes the assertion that
weeds are haraful because they}exﬁaust molisture from the soil.
Corn plota on which he allowed weeds to &row contained less
moisture than similar plots kept cultivated.

Experlments that demonstrate whether op not



cultivation 1s a factor in conserving moisture er killlng weeds
have been carried on in many places. Gates and Cox (11) from
the data of experiments in twenty-elght states have‘coﬁcluded
that 1t 1s the weed factor that makes the cultivation of corn
necesgssary, or that cultivation 1s not beneflcal except in so
far as 1t removes the weeds.

Hansen (12) says that much "tillage loss 1s due
to weeds".Cultlvatlion costs about one-sixth of the total
value of a farm crop. It is estimated that one-half of the
cost of cultivation is'incurred because of the presence of weedse.
Cates(9) states that crop ylelds are reduced by weeds. It has
been ésiimated that they reduce the yileld of corn 10 pef cent;
tame ha¥ 3 to 16 per cent; potatoes 6 to 10 per cent; spring

graln 12 to 15 per cent; and winter grain 5 to 9 per cent.
The extensive experiments of Moiser and Gustafson (21) in
humid regions demonstrate that the killing of weeds 1s the
most lmportant factor in the growgh of a crop of corn on a
fertile soll wilth a well prepared seed bed. Corn plota with
the same seed bed preparation, ylelded 7.3 bushels per acre
as an eight-year average when the weeds were allowed to sSrow
and 45.9 bushels per acre when the weeds were kept down with-
out cultivation. It is not to be assumed that weeds are water
thieves only.Moisér and Gustafson (21) record that as a four-
Year average corn grown together with-weeds,but irrigated to
compensate for the moisture used by weeds, showed an increase

of only 3.8 bushels per acre over unirrigated corn grown with-

out weeds. "Weeds are much better foragers than mdst



cultivated plants , and 1t is Jjust as reasonable to expect a
lamb to thrive with a bunch of hogs as to expect corn to com=~
pete with weeds."

At thé Experiment Statlon of the Unlversity of
Illinois (21) corn was kept free from weeds by scraping the
éurface of tﬁe soll, by shallow cultivation, and by deep cul-
tivation. The scraping did not produce a mulch. On a sevene
year average the yleld from the scraped plots gave 97.6 per
cent of that from ordinary shallow cultivation. Deep
cultivation, four or five times during the seasoﬁ, yielded
96.9 per cent, and shallow cultivation, twelve or fourteen
times ,103.6 per cent. Bakke and Plagge (2) found that when
mustard and wheat were grown together inﬁtﬁe greenhouse the
"weeds retard the development of the crop with which they are
éssociated by lncreasing the amount of water given off per
unit area and also by decreasing the dry welgat."

The effect and result of mulching has‘been much
debated. Whether the cultivation conserves moisture by the
formation of a mulch or by removing weeds is yet undecided.
Wimer and Harland (37) state that cultivation for
conservation of moistﬁre 1s a secondary consideration.

McCall (19) from experiments in Washington concludes that
the soli mﬁlch inhibits moisture absorption when the
precipltation is not sufficient to penetrate the mulch, but
that the soll mulch prevents the evaporatlon of the water

already in the soll. The practice of mulching eliminates weed



growth and in view of the fact that the water loss from the

goil 1s greatest through the transpiration of plants,mulch-

ing conserves soil moisture. Leaves, manure, coarse hay, and
grass clippings are commonly used for mulching in

gardening operations.‘AEhulch of loose organic material is

more effective that one of fine earth, but it prevents the stir-
ring of the land whlch promotes aeration. The most useful

and practical mulch in dry farming 1s one of loose soil made

by stirring the surface of the soil with any implement of till-
age.

Jethro Tull (32) two hundred years ago discovered
that thorough tillage of the goil produced crops that in some
cases could not be obtained by the addition of manure and
ne came to the conclusion that “tillage is manure". In recent
years we have learned the value‘of tillage for coﬁsefving
enough moisture to enable plants to reach maturity. We may
be tempted at tlmes to belleve that "tillage is moiature".
Like Tull's statement this is a fallacy to be avoided, for
fillage cén never take the place of molsture.

From experiments carrlied on at Manhattan, Kansas
with cultivated and uncultivated plots Call and Sewell (8)
found that the mulched plots lost 1.05 inches of water
whereas unmulched plots lost 1.91 inches. The next year four
plots were included as follows: the fdrst cultivated three
inches deep, the second cultivated six inches deep, the third

not cultivated and weeds allowed to grow, and the last not



cultivated but weeds removed by scraping. The size of the
plots was 12 by 25 feet. The soll was known as Marshall silt
loam. Once each month soil samples for molsture determinations
were taken to a depth of six feet. The bare-surfaced treatment
sustalined the least loss of soil moisture during the whole
season. The six-inch mulch was superior to the three-inch
mulch in'checking evaporation. The molsture content of the
bare-surfaced plot exceeded thaf of the deep-mulched plot
during the season and was about equal to that of the shallow
mulched plot. In conslidering the galn or loss of the water
on each plot, however, the difference between loss on the
bare-surBace and deep-mulch treatment was 1l.31 per cent in
favor of the deep mulch. These authors decide that a cultivated
801l 1s no more effective tnan a bare, uncultivated soil in
preventling evappration, and that cultivation conserves soil
molsture by elimination of weeds and by preventing run off.
Young (38) carried on an experiment in Nebraska
with three plots,‘thé first mulched by hoeing two inches deep,
the second was scraped to remove vegetation but care was taken
not to produce a mulch, and the third was sllowed to be cropped
by volunteer vegetation. He concludes that a loose soil mulch
1s no more effective than an unmulched soil for retarding the
evaporatlon of molsture that 1s " well established in the soil".
Much more of the "established soil water" is lost through )
transpiration from the leaf surface of the plants than is

lost by evaporation from the soil surface. Alway (1) also



working in Nebraska found that the loss of water from tae
subsoil of dry lands under crop seemed to take place almost
entirely through transpiration. In the abscence of plants
the loss from the subsoil was small.

Snyder (26) says thet the ilmportant problem of
dry farming 1is the-coﬁservation of moisture and tuls can
best be done br surface tillage and summer fallow. He deflnes
summer fallow as the resting of the land throughout the
gummer months with clean cultivation and the malntalnence of
a shallow mulch. Widstoe (36) states that the only fallow
which should be practiced‘by>the dry-land farmer is clean
fallow. Weeds use ag much molisture as a crop of corn, whest,
or potatoes. A weedy fallow is a forerunner of a crop fallure.
Practicel experlence has demonstrated repeatedly that in
cultivation the dry=land farmer has a powerful means of pre-
venting evaporation and a greater loss of water through the
transpiration of weeds.

According to Burr (7) sumaer-fallowed plots
contalned more moisture than ﬁléts planted to wheat. He found
that the yleld of wheat was greatly affected by sumner fallow.
In 1913 on land that hgd been summer fallowed in 1912 wheat
yielded 26.8 bushels per acre and in an adjacent ficl@ where
continous cropplng was practiced the yleld was 2.2 bushels
per acre. He concluded that under normelly favorable conditions
growlng vegetation ls a greater factor than surface evaporation
in removing soll molsture and that weeds are most active in

using avallable water and 1n preventing the storasge of water.



A. Relation of mulching and weed growth to
soll molsture.
Methods.

On April 26, 1926 an experiment in Plant
Physiology was started on the Experimental Weed Plot to dis=-
cover the relation of mulching to the evaporation of water from
the soil. Three students started the experiment and carried
it on for five weeks, one student started a week later so that
the results from Section 2 show one less reading than Sectlons
1 and 3. At the end of the five weeks the writer was so in-
terested in the outcome that she secured consent from the
Botany Department to continue the study througnout the summer
months. The following methods were used:

An area twenty by slixty feet was separated into
three sections, eaclh of which was divided into four plots
ten feet square and glven different treatments. The plots
were arranged as shown by the chart in Figure 1. Plot A was
cropped and mulched, Plot B was uncropped and mulched, Plot C
cropped and unmulched, and Plot D uncropped and unmulched.
The 1indlividual plots were not arranged in & uniform order.
The arrangement compensated to a certaln degree the effects
of the different treatment in adjacent plots. The experiment

extended from April 26 to August 17, 1926.



JO UOT3BISI 8Y)

payoTnuwun pus paddoxoun=g 39014
poyornuun pus paddoxo=-H 3014
poyommu puw paddoxoun=~g 3014

payornuw pur paddoxo-y 30714
‘3U’83U0O BINYBIOW TFOS 9Y3 03 uorreLidsusxy
Furtutwielap Jo0J 8307d Jo juswedusaxy °T ‘314

23S

I '33S g€ '23S




Six rows of weeds were zllowed to grow across the

cropped plots and in thls thesle are conslidered as the "erop®.

The weeds were Chenopodium album, Convolvulus arvensls, and

Kochla scoparla and other species. The Kochia spp. were most

abundant. Flgure 2 shows the crépped and uncropped areas.

The soil on Plots A and B was mulched by hoeing to a depth of
three inches each week or oftener, 1f a crust was formed by
rain. The unmulched plots were kept free from weeds by scraping
once a week with a hoe. Each week a one-hundred gram sample

of so0ll was taken from the centarl part of each plot with a
nlne-lnch soll cylinder. The materlal from the cylinder was
divided into two samples and molsture percentages taken in
duplicate. The percentage was calculated on the dry welgnt

of the soil.






Experimental Data.

At the end of the experiment the data were compiled
into Tables I, II, and III. Each Table shows the readlng of
the plots in one section and the average moisture content for
the period of the experiment. Table 1 glves the percentage of
moisture in Section 1. It shows a difference of 1.28 per cent
between the clean mulched and clean unmulched in favor of the
mulched treetment. Table II is a record of the percentages 1in
Section 2. The difference here is 1.24 per cent, agaln in favor
of the mulched treatment. Table III , of Sectlion 3 shows only
0.14 per cent in favor of the mulched treatment. The difference
between the cropped mulched and unmulched ils less. In Table I
there 1s omly 0.2 per cent difference in favor of the unmulch-
ed, Table II shows 0.63 per cent in favor of the mulched,
and in Table II1I the molsture content of the cropped mulched
and cropped unmulched is identical. The variation in the cropped
plots can be attributed to the unevenness of the weeds upon
the plots. The greater loss of molsture from jfhe cropped plots
is probably through the transpiration of the weeds. Alway (1)
believed that the loss of water from dry lands was almost A

entirely through transpiratlon.



Table I

Percentage of molsture

Plots
D B

Week Week Clean Clean
No. Ending Unmulched Mulched
1. Apr.26 23.44 23.27
2. May 3 21.29 20.20
3. " 10 23.71 15.99
4, "oo17 22.49 20.08
5. "o o3 18.63 19.92
6. "ozl 22,18 21.581
7.  June 7 22.57 22,36
8. "1 24.59 24.05
g. "2l 22.81 14.85
10. "o28 23,49 22.99
11. July 6 27.50 19.47
12. "o12 12.67 12.07
13. "o19 17.16 15.90
14. "7 18.27 13.60
15. Aug.?2 13.43 15.85
16. "9 10.46 12.78
17. "o1T7 9.92 13.93

Average \ 19.68 18.41

content for Section 1

A
Cropped
Hulched

23.04
16.02
21.02
21.39
17.85
17.257
17.75
21.G5
15.321
17.90
15.35
19.40
13.31
12.35
14.05
11.71
11.39
17.59

Cropged
Unmulched
22.07
19.02
20.22
20.20
19.48
19.51
18.22
20.84
18.63
17.57
14.82
15.63
12.75
12.72
12.52
13.70
11.95
17.79



Week
No.

13.
14.
15.
16.
17.

=17=

Table II

Percentage of moisture content for Section 2

Week
Ending

May 3
" 10
"oo17
" 23
" o3L

J&ne 7T

L] 15

Average

D
Clean

Unmulched

22.65
24.24
21.90
20.81
22.33
22.96
25.09
23.46
21.02
22.15
17.32
15.07
14,70
14.83
12.03
13.23
19.64

Plots
B

Clean
Mulched
20.47
23.18
22.40
20.72
£1.85
20.77
22.65
22.56
21.66
14.37
17.72
14.58
13.71
13.74
11.21
12.88

18.40

A
Cropred
Mulched

17.06
21.50
20.76
18.76
20.87
18.83
28.25
20.29
18.64
20.13
15.96
12.60

13.03

12.60

ll- 93
17.35

Crogped
Unmulched
21.26
19.09
24.97
19.85
21.39
18.50
18.07
19.02
17.00
14.45
16.40
12.85
13.49
10.49
11.60
10.21

16.72
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Table III

Percentage of moisture content for Section 3

Plots
D B A c

Week Week Clean Clean Cropped Cropped
No. Ending Unmulched Mulched dulched Unmulched
1. Apr.26 23.30 23,60 24.00  23.00
2 day 3 22,40 13.30 24.50 22.10
3 " 10 20.50 20.40 21.50 15.80
4, T ¢ 22.50 25 .40 20.80 22.60
5 N0z 20.50 20.60 19.20 22,20
6. " 31 19.74 18.33 16.75 13.79
7. June 7 19.79 20.03 17.14 21.93

"o15 23.23 22.33 16.96 16.99
9. " oop1 22.43 24,86 19.35 20.47
10. nooog 21.59 21.54 18.33 16.79
11. July 6 21.41 18.70 14.12 17.17
12. "o1p 22,47 20.70 16.10 16.89
13. "o19 16.03 17.64 10.35 11.56
14. "7 15.74 15.00 13.16 9.46
15. Aug. 2 13.63 16.28 13.70 13.83
16. "9 11.66 11.79 13.28 11.63
17. W17 10.79 13.74 13.71 12.78

Average 19.27 19.13 17.23 17.23



Dlscussion of results.

The final average computed from all the plots was
complled Iin Table IV. The averages of the weekly results of
the three sections are also recorded in this Table. It is
advlisable to use the average of the readings because of the
range of molsture content, as no accurate results can be drawn
from single observations. Table Iv shows that the average of
the clean mulched is 19.53 per cent and that of the clean
unmulched 1s 18.64 per cent. The difference is 0.89 per cent
in favor of the mulched treatment. This is 0.42 per cent less
than that found by Call and Sewell (8) in a simllar experiment
where the mulched plot exceeded 1.31 per cent. The plots
cropped to weeds and unmulched ,and that cropped to weeds and
mulched show a molsture content in favor of the mulchned plot,
but by a much lower per cent . The average of the cropped
mulched 1s 17.39 per cent and the cropped unmulched 17 .24 per
cent. The mulched exceeds the unmulched 0.15 per cent. The
difference between the cropped and clean plots is much more
pronounced. There 1s no doubt from the evidence that weeds

remove molsture from the soil.



Table IV
percentage of molsture content

Averages of all Sectlons

Section No. Clean Clean Cropped @ropped
Mulched Unmulched Mulched Unmulched

1. 19.68 18.41 17.59 17.79

2. 19.64 18.40 17.35 16.72

3. 19.27 15.13 17.23 17.23

Average 19.53 18.64 17.39 17.24

The data in Tables I, II, and II1 are represented
graphicaliy in Figureé > to 8. Eéch unit on the abscissae
represents a pefiod of seven days, and on the ordinates each
unit represenss 2 per cent of the soil molisture content based
on the dry welght of the soil. The histogram records the week=
ly precipitation and each unit fepresents a tenth of an inch
of ralnfall. The broken line in each figure shows the moigture
content of thé unmulched plots and the continous line that of

the mulched plots.
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The plots that were mulched, whether cropped or
clean, show é higher moisture content which means a smaller
loss of moisture. The curves in Flgures 3, 5, and 7 of the
clean mulched and unmulched ploté are consistent. Figure 5
showa the least varlation as shown by the smoother'curve,
these have an appreciably higher molsture content 1in the
milched plots and the results agree with those obtalned by
call and Sewell (8) in Kansas and by Young (38) in
Nebraska.'Figureé A, 6,.and 8 are of the créppéd mulched and
unmulched élots. They show a consistent curve, but with a lower
moisture content than that of Figures 3, 5, and 7. Here again
there 1s a slightly higher moiéture content in the mulched
plots.

The effect of the weather conditlons on the
different plbts must be considered before drawing conclusions.
Records of the humidity of the alr, the mean temperature,
the wind velocity, and the precipitatlon for the period of the
experiment was secured from the nearest meterological statlon,
which was one-fourth mile southeast of the plots. Table V
glves the average wind velocity,temperature, and pfecipitation
for each week. Flgure 9 represents graphically the
average weekly iemperature for the duration of the expsriment .
Each unit on the absclssae represents a period of seven

days, and each unit on the ordinate two degrees Fahrenhelt.



Table V
Average wind velocity, temperature, and

precipitation per week for the duration of the experiment.

Week Week Wind Veloclity Temperature Precipitation
No. Ending Miles per day Degrees F. Inches
1. April 26 37.2 54.3 3

2. May 3 38.5 53 49

3. " 10 37.7 50.1 37

4. "7 31.2  58.7 .00

5. "3 35.7 60.1 .8

6. noo3y 43,1 2.8 .03

7. June 7 25 .4 65, 41

8. "o15 23, 61.5 .12

9. no21 4, 62. .05

10. noo2g 19.6 65.7 .24

11. July 6 25,9 65. .07

12. LIS P 29.2 66.7 .00

13, " 19 17.7 67. .25

14, "oo7 22. 64.1 .26

15. Aug. 2 25,3 63.5 .76

16. "9 18.7 68. .1

17. "7 26.5 6. .00
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rTable V showe that for the week ending day 17 there
was no precibitation and tne wind movement at 13 inches above
the ground was 31.7 miles per day. During thés week according
to Tables I, II, and III in five ouﬁ of six cases the
moiéture céntéﬁt was lower in the mulched than in the unmul-
ched plots. This can readily be seen in Figures 3 to 8 for
in all except Figure 4 the broken line is higner than the
continous line: For the week ending July 12 wilth no
precipitation ané an average temperaﬁure of 66.70 F. and a
wind movement of 29.2 miles per day the mulched haé less
moisture content than the unmoulched in three out of six cases.
(see Tables I, II, and III and Filgures 3 to 8.) The mulch
had not succéedéd in cohéérving‘the molsture airéady neld in
the soil. From May 17 to 23 with 0.8 inch preciplgation, five
unaulcned élots had a higher moisture content than tie mulched
plots. During the first week of Auzust with 0.76 inches pre-
clpitation, three unnulched plots had a higher moisture
content and in te® cases the moisture content was almost 1lden~
tical in the mulched and unaulched plots. In only one case
does the mulch.d plot show a higher moistufe content. In two
cases out of twelve a three-inch mulch lncreases the molsture
content after a rain. (See Tables I, II, and II1l and Flgures
3 to 8).These results égree with thosé'obtainéd.by McCall (19)
who foﬁnd that when a mulcii was kept,li nt rains could not-peﬁ-
etrate throushh and the water held in the upper.. layers of tne

mulch was lost to the alr dlirectly and coupletely.



Figure 9 gives the temperature curve for the
duration of-the experiment. As the temperature atncreased the
percentage of moisture content decreased, although the
precipitation and the wind veloclty remained fairly constant
from week to week. If the temperature curve 1s superlmposed
upon the curves of the soll moisture contents of the various
plots, the relation between the moisture content and the
temperature can easlly be seen. With mlnor exceptlons when
the temperature rises the soil molsture content 1is lowered,
and as the temperature falls the amount of water held in the
801l increases. Temperature seems to effect the percentage
of soll molsture more than does the amount of precipitation
or the wind movement.

Mulching the clean plots does not result in a decid-
ed Increase in the percentage of g0il moisture and the clean
scraped plots which require less labor have almost the same
moisture cotent. This bears out the statement of Gates and
Cox(11l) that cultivation 1s benefical because it destroys
weed Rrowth. Hansen(12) agrees that much "tillage loss" 1is
lncurred by weeds. The>scraped plots absorﬁed more of the rain
than those that were mulched. Of the cropped plots , both the
mulched and the unmulched showed small differences in
molsture contents, but varied perceptibly from the clean plots.
The molsture had not been lost to the air by evaporation
from the surface of the soil but had been used by the weeds,

which caused great transpirational loss of soil moisture,.



It was planned to carry this experiment on the
following yéar to determine the effect of the treatments on
crop yleld and the relation of croppling systems to weed growth,
but the plots were flooded in the fall and agein in the spring
by waste irrligation water and the writer was forged to look for
a new lowatlon for the experimental work. A field on the author's
field contained the three cropping systems and it was declded
that the readings from this location would be of interest and

value.

B. The relation of cropplng systems to weed growth.

In order to find the relationship of weed growth
to three cropping systems , data were secured in 1927 on
summer fallow, crop rotation, and on a repeated crop. The
sumner fallow had been gilven the treatment defined by Snyder
(26) and kept free from weeds as'suggested by Widstee (36).

A field of wheat on Section 32, Township 6, Range 69, ‘

Larimer Gounty, Colorado, was an example of the three methods
of cropping: wheat after summer fallow, wheat after corn, and
wheat following wheat. The marked variation of the differences
could be readlly distinguished, before harvest, by the heignt
of the grailn; and after harvest by the density of the stubble

and the prevalence of weeds.(Flg. 18, 19, and 20).
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Methods.

Wheat was cut on the 15tk of July by hand from
plots one by 1.5 meters from three locations in each of thne
three cropping systems. Triplicate samples were taken. Soll
samples were taken for the determination of the molsture
content. The bundles were dried in the curing shed on the
Agronomy Experimental Ferm and threshed on August 24tn by
the Statlon's separatof.

— Experimental Data gnd Discussion.

In comparing the results of tals type of work it
1s simpler aﬁd more accurate to use photographs. They show
the relationship of the cropping systems to growth and develop=

1e representative cutting

bt

ment. Flgure 10 1s a photograph of
from eéch method of cropping. The difference in heignt,

abundance of straw, and yield is evident. rigure 11 ghows

the three cuttings from esch method of croﬁping and the varilation.
No great varlatlon occurs between cuttings from similar

¥restments although wheat following wheat shows the greatest
lrregularity. The helght and size of the bundles are =l.ost
uniform when Wheat follows suii.er fallow. There 1s uniforaity

in the size of bvundles cut from the corn gréund, but the grain

cut fpom the repeated crop system varies both in the neignt

of the straw and In the amount cut from the same areas. This
suggests that the stand was patchy and that the zrain Waé tain

and uneven.









The amount of molsture in the soil influenced the
growth of the wheat. The summer-fallowed land, after
producing the best crop had an average molsture content of
7.14 per cent, whereas the crop of wheat after wheat was
inferlor in quality and quanity, and the soil had an average
of only 5.46 per cent moisture. This leaves little doubt Dbut
that molisture can be stored in the soil by clean fallow and
that when wheat 1s planted after wheat the weecds have not been
killed by summer fallow and the moisture content is reduced.
Corn ground contalined 6.09 per cent or 0.63 per cent more
than soll planted repeatedly to wheat. The relative variation
between the moisture held in summer=-fallowed land and the
repeated crop systems was 0.047 for the summer fallow, and
0.100 for the repeated crop. (See Table VI). The variation
of the soll moisture content between plotshof simllar cropping
systems can be correlated with the uneven growth of the wheat
within the same treatment. The weeds in the wheat after wheat
was doubtless responsible for the low moisture content of the
soll under that treatment.

Flve average heads of wheat were selected from
each method of cropping. Figures 13, 14, and 15 show their
diversity of length and plumpness. The representative heads
of wheat from the fallow land (Figure 13) are the most uniform
of the three groups. They are well filled and on strong stems.
The heads of wheat from the corn ground (Figure 14) sre of fair-

ly uniform size and development. The heads of wheat that



followed wheat (Figure 15) were small and poorly filled. Some
were very short>with few hature gralns, whereas other heads
were of moderate slze and well filled. None were as large as
those on summer fallow and few as large as those on corn
ground. Thls 1ndicates that the yleld was uneven. In Figure
161s shown the wheat obtalned from the five heads of each group.
The grains of wheat from the repeated crop method were small,
shriveled, and lrregular. Many grains were affected with
yellow berry, a disease of malnutrition. The wheat from the
corn ground had less yellow berry, (l4) was more uniform in
size and color, and slightly larger. That from the sumier-
fallowed land was a healthy color and Yellow berry was
practlcally absent. The grains were uniform, large, and
plump. Figure 17 shows the sacks of graln threshed from the
bundles photographed in Figure 11l. The bundles from the
summer-fallowed land ylelded 6892 grams, over four times

that of wheat after wheat, which was 1652 grams and 2.6

times that from corng ground which was 2755 grams. These
results bear out the work done by Burr (7) who found the
Yield on summer fallow to be 26.8 bushels-per acre and on ¢

continous cropping 2.2 bushels per acre.
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Each sample of graln was welgned after it had
become air dried. This welg-t included that of the straw and
the grain. After threshing the graln was cleaned and rewelghed.
The yleld from each cutting was welghed separately and the
total weight of all the samples from eacn method of cropplng
was also taken. At the time of cutting soll aamples were
tzken for the determination of soil moisture content. These
were dried in an electric oven 48 hours at 110° C. and the
percentages of molsture content computed on the dry welight
of the sample. All the measurements were collected in Table
VI.. The varlation of each measureaent from the average and
the relative varlaton is given. The relative varlation 1s the
ratis of the dilfference of an individual varlation to the

average.
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From Table VI of the recorded data the relatlive
variation in the weight‘of the graln and straw ls 2.6 times
as great as for the wheat upon the fallowed land, although
the relative varlation of the wheat after corn is 1.2 times
that of wheat after summer fallow. Tinls again suggests that
the conditlion of the field was not uniform and that the stand
of grain wes uneven as may be observed from Figure ll. The
relative variation of the yield from the three cropplng systems
show a marked difference. On sumner fallow it was 0.025 but on
corn ground it was 0.045, and when wheat followed wheat 1t
was 0.123%, almost five times that of the fallow. Thia also
indicates the irregularity and patchiness of the fleld.

Table VII summarizes Table VI glving only average
results. The height of the grain upon the three cropping
systems is given. The wheat upon the fallowed ground was 137
em. tall, half again as high as the wheat followlng wheat
which was 91 cm. in height. Wheat from the corn ground was
102 cm., approximately 11 per cent greater than that from the
repeated crop system. Bakke and Plagge (2) state that weeds
retard development. The varlation in helght 1s partially
due to weed growth.

Figures 18 and 19 are photographs of the stubble.
The stubble of the wheat after wheat (Figure 18) is thin and
there are many willd lettuce plants. Thé stubble‘of the wheat
on fallowed land is fpee from weeds.(Figure 19). There was &

marked difference in the density &f the stubble and the



number of weeds upon the ground. The position of the varlous
treatments in the field could be determined after harvest

by the condition &f the stubble and the prevalence of weeds.
The line of demarcation between the stubble of the wheat upon
fallow and of the wheat after wheat is evident at ths left

in Figure 20. The increase in the number of weeds la apparent
from Flgures 19 and 19. The background in Figure 20 glves a
clear idea of the locatlion of the field in relation to the
foothills.

The &bundance of weeds upon the repeated crop
system reduced the soil molsture content and robbed water from
the growlng wheat. Without the toll taken by the weeds the
8011l could have produced a somewhat higher yleld. With weeds
the moisture content was 5.46 per cent 2and without weeds on
sumner fallow 1t was 7.14 per cent. In previous years when
the repeated crop ground had been summer fallowed it
produced good crops and wes free from wecds. Cates(9),

Molser and Gustafson (21), and Hunt (15) agree that érop
¥lelds are greatly reduced by weed growﬁh. Pammel (25)

states that weeds use excegsive amounts of water and mineral
nutrients that would otherwise be used by crop plants. The
relation of cropping systems to weed growth and the differ.nce
in yield in the systems correlate with the statements of these

workers.












In the first part of this study 1t was found that
the greatest difference in soll molisture content of the plots
was between the uncropped mulched plots and the cropped
unmulched plots. This leads to the concluslion that the value
of cultivation lles in the eradicatlon of weeds which remove
801l molsture by transpiration. Summer fallow,a sSpeclial kind
of cultivation results in the conservation of scil molsture
and provides an excellent method of €lininating wesds.

The results of the two preeeding experiments open
up a new field 1in relation to weed growth: What 1ls the amount
of water actually used by weeds and what 1s the relation of

the root systems of weeds to the amount of water used? 1In

Part II these guestlons will be discussed.



PART I1

Water requlrement and'root systems of Lactuca spp.

and Kochla spp. under different envédromental conditions.

The most prevalent weed on the experimental plots

of 1926 was Kochla spp.and &n the summer of 1927 on the

writer's farm it was found that wild lettuce, Lactuca, was
practically the only weed 1in wheat after wheat or corn. The
work of 1926 proved that the reduction of soll moisture was

due more to transpliration from the weeds that to evaporation
from the surface of the soll. On a properly kept summer fallow
weeds never mature and the greatest transpirational water loss
1s through young plants. It is necessary therefore to ascertain
the amount of water that 1s used by young Kochila and Lactuca
during the early part of thelr growth. Thls can be done through
a study of the water reguirement of these plants.

Transplration 1s closely connected with the water
requirement of plants. Montgomery (22) defines water reguirsment
as the ratlo of the welght of water aBsorbed by the plant
during 1ts growth to the weight og dry matter produced. The
water requirement of plants differ under varying climatic
condltions and these should be taken into considecration in
finding the water requirement of Kochia and Lactucsa.

In the study of the weeds the parts both above and

under ground and their functions wmust be considered. The



relation of roots of weeds to the roots of crop plants has

not been adequately studied. The type of root system
determines the level at which the plant removes molsture from
the soil. The relatlon between the root systems of wheat and
of the weeds 1s & factor in determining the stunting of wheat
because of lack of moisture. The water and mineral nutrients
which would otherwlse go to a useful plant are used by weeds.
A study of the root systems of Kochla and Lactuca will reveal
to what extent the competition Dbetwesn the weeds and the wheat
is for ~ater and mineral nutrients and to what extent for
sunlight. If the roots absorb water at levels different from
those of the crop plants the competition 1ls negllible, but if
they both absorb water at the same level the competition under-

ground will be as keen as that above ground for sunlight.

LITERATURE REVIEW
The literature on the water requirements of plants
is varied and has no relation to the literature on root
gystems of plants. Because of this diverslty the two

subjects will be treated separately 1ln the following review.

Water requirement of weeds

The necesslity for meking the greatest possible use
of the limited annugl precipitation in regions where dry
farming ls practiced and the equally lmportant of making the

most economical use of water in irrlgatlon, demands that the



factors which influence the water regquirement of plants be
more coapletely understood.

Khankhoje (16) states thzt i1t is well known that
water is eésential té piant growth, but the exact role of water
1s not yet fully understood, nor is the practice of its
application yet perfected. The problem "water requirsment of
plants" from the scientific‘viewpoint has & two-fold signif-
icance; Theoretical and econoaiczl. By careful observation
Hontgomefy (22) proved that transpirétion wgs closely connected
with the waﬁer‘requirement of plants. Boyoucos {3) ststcs
that 1t has been found that the amount of waternuéually tran-
splred by the different plants varies froa about two to six
acre-inches per ton of dry substance produced. According to
Briggs and Shantz (5) the earliest water requ.reaent
measurements were ﬁaée by Woodward in 1699. Lawes in 1850,
however, was the first to extend nis experiménts to include
tne entire growing period of annual crop plants.

Fach worker om water requirements of plants nas
nls own lilst of factors which influence transpiration.
Thom amd Holtz (30) undertook experimental research with the
view of détermiﬁiné the relative amounts of water used by
different crops and the factors influencing the plants under
varlous climatic and soil condltiopgs. They believe thst
relative water requirement depends upoh two kinds of factors,
namely, condltions surrounding tae plant and the ability of

the plant to ad=zpt itself to its enviromment. The results of
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their investligations 1lndlcate "trnat any conditlon which
disterbs the normal 1life processes, be it soil,

atmospherilc, or pathologlcal, inerease the water requirement
to just such a degree as 1t depress the normal functionings
of the plant."

Briggs and Shantz (5) state tnat the effect of soll
moisture content on the water réquirement of plants was first
investigated by Il'enxov in 1865. Buchwheat was planted 1n five
flower pots contalning garden soil, and sevenm plants were grown
in each pot. The pots were exposed in a window of a room whlch
received the sun at midday. The experiment was contlnued for
57 days and the water requirement ratlo was based on the water
added to each pot instead of on the amount actually used. They
cite Fittbogen in 1873, Hellriegel in 1883, Maercker in 1896,
Schroeder in 1896, Von Seelhorst in 1869, Wilm in 1899, and
Fortier in 1903 as workers who investigated the effect of
different soil moisture contents on the water requirements
of various plants.

Fortiers\l0) results show that about 22 per cent
irrigation water adéed to the soll glves the lowest water
requirement for oats. Widstoe (35) grew four crops in 10
per cent, 15 per cent, and 20 per.cent molsture content based
on the degree of saturation, but only corn showed any pee-
ference to a high molsture content and the otherc crops
fluctated from year to year. Montgomery (22) states that the

more normal the conditions of water and fertility, the less



the water requilrement of the plant. When the water 1s excess-
lve or deficlent the requirement is usually greater than

when the water 1is optimum. As a general rule the lowest

water requirement 1s secured at about €0 per cent

saturation. Morgan (24) says that the molsture content of

the soil influenced the amount of dry matter produced per gram
of transpiration. This 1s evident from the fact that in the
low molsture series a fertilizer increased the production of
dry matter, whereas in the medium and high moisture contents

the transpiration was increased by the fertilizer. He found

the water requirement of oats to be 776 in 17.6 per cent moist-
ure, 869 in 29 per cent, and 815 in 42.3 per cent. All the
molsture contentswe were calculated on the dry welgnt of the
soll. Harris (13) grew wheat seedlings in soils of eight
different moisture contents. In the 1l per cent the wajer
requirement was 731, in the 13 per cent it wss 696, and in
the 37.5 per cent it was 864. Kiesselbach (17) obtained =
water requirement for corn of 293 in low- moisture content,
317 in the medium and 343 in the high-moisture content soil.
In Russla Tuleikov (31) found that a soil moisture content
equivalent to 60 per cent of the water holding capacity of thne
soil was optimum in field and gepeenhouse conditions.

Briggs and Shantz (5 list Marle-Davy (1875),
Liebscher (1895), King (1905), Gon Seclhorst (1506), Widstoe
(1909), and Leatner (1910,19111 as workers on the influence

-~

of types of soills on the water requirements. They agree that



the water requirement is affected by the type of 30il. The
factor influencing the water regqu_reaent seems to be
mineral nutrients rather than the type of soil. The water
requirement will be higher in a poor soll, whether it is sand
or clay, than in a good soil. The dsta did not indicate that
th& water requirement was afrlfected by the soll texture zlone
when the plant nutrients were egually avallable in the different
soil types. |

Briggs and Shantz (5) further state that the effect
of temperature on the water reqﬁirement of plants does not
appear ever to have been investlgated under controlled condi-
tlons. The investigations which have been made on thls subject
have only a qualitativ: bearing. It is wekl recognized that
sunlight 1s an important factor in increasing transpiration.
It 1s also known that in ordinary sunlight more solar energy
1s received than 1is necessary for photosynthesis. It seems
evident, therefore, that an increase in insolation would
cause an lncrease in the rate of loss of water from the plant
wilthout changling the rate of carbon dioxide fixation. In all
work done on this factor no intensity of sunlizgnt or shade
1s glven, so 1t 1s not possible to draw specific conclusions
from the work done although all data indicate that shadlng
produces an increase inthe water requirement. The results
of the work 1n this thesis agrees with these findings.

Montgomery and Klesselbach (23) grew corn in a sreen=

house kept artifically humid, and compared results with corn

grown 1ln a grecnhouse with the normal humidity of a green-



house. The difference in humidity was about 20 per cent. The
plants in the humid alr required about half as mucn wvater
for a given dry welght.

In order to determine the effect of small pots
on water requlrements ordinary drinking glagses were used
by Khaenkhoje (16) as soll receptacles. Each glass contained
one plant and wefe gsealed with paraffin. They were welghed
once each week and the loss taken as the amount of transpir-
ation. The experiments continued for two and one-half monthe.
The results obtained from the small receptacles were
similar to those obtained from large pots.

The following 1s a list of factors influencing
the water requirements of plante complled from those given
By Thom and Holtz (30), Khankhoje (16), Montgomery (22),
Montgomery and Kiesselbach (23), and BoyOucos (3): soil
moisture, soll fertility, soil>types, the concenfration and
chemical nature of the soil solutlon, the speciles and
variety of plant, the previous crop, the temperature of the
goil and ailr, the humidity of the air, the light intensity,
the wind veloclty, the altitude and the cultlvation.

Kiesselbach(l7) states that cultlivatlion 1s one of
the most practical traatments that a farmer can glve his
croos for the reduction of weeds, because they require water
and amineral nutrients 1in proportion to thelr nuwmber and slze,
and when there ls a shortage of molsture the crop is certain

to suffer. Hls experiments ahow that wlld sunflowers consuue



as much moisture individually as an entire hill of three large
corn plants.

Briggs and Shantz (4) state tnat the water recuire=
ment of small grains grown 1n a—cool humid reglion is much
lower than that of the same crops Zrown in a dry reglon, such
as the western part of the Great Plalns, where they are sub-
jected to high winds and a greater ingolation. In their work
at Akron, Colorado, they used fomr plants that grow withput

cultivation. One was a natlive plant, Artemisia frigida, false

gage brush. The other three were weed pests, Salsola pestifer,

the Russian thistle; Amaranthus graecizans, a tumble weed,

and Amaranthus retroflexus, the common redroot or pigweed.

They found that the water requirement for Artemisia frigida

was hilgh, 65 per cent higher than Kubanza wheat and 157 per
cent higher than Red Amber Sorghum. Only alfalfa and Caneda
field pea had a higher water requirement. For an egual pro-
duction of dry matter the Russlian thistle reqguired about the
gsame amount of water as Dwarf mlilo; the redroot about the same
amount as the Northwestern Dent corn; and the tumble weed
approximately the same quanity as the Blackhull Kafir. Probably
more water is needlessly lost through the growtn of these

and similar weeds than from any other cause. When soil
moisture is avallable thy make a rapid and luxurlant growth,
and the water consumed by them 1s a complete loss, except in
so far as they contribute organlc matter to the soll. Sorghum,

corn,or millet could take the place of these weeds with no
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greater consumption of soil moisture,
In 1912 Briggs and Shantz (6) included

Grindelia séuarrosa, the common gum weed » in thelr measure-

ments at Akron, Colorado. The water requlrement for this common
weed was found to be 468 £18. In 1513 (6) these authors grew

a number of weeds to deternine their watef requirsments.
Sunflowers which had a water requirecment of 705 * 8 use thres
times as much water as alfalfa. Table VIII gives the other weeds

grown and thelr water requirements.



Table VIII

Water requirement of weeds grown by
Briggs and Shantz. (6)

Purslane, Portulaca oleracea 292 11
Pigweed, Amaranthus retroflexus 320 = 7
Cocklebur, Xanthium commune 432 ¥13
Narrow leavéd sunflower from sand hills '

Helianthus petiolaris 570 %11
Annual sunflower, Hellanthus annuus 705 £ 8
Narrow leaved sunflower from near Akron

Helianthus petliolarils T74 £ 20
Lamb's Quarter, Chenopodium album 801 £ 41
Fetid marigold, Boebers, papposa 881 £ 26

Western ragweed, Ambrosia artemisifolla 948 £ 66
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From Table VIII Purslane and Pigweed appear to be

exceptionaliy efficient'piants, their water requirement belng

only sligntly higher than that of Krusk millet and practically

the same as the sorghums. It is evident thatt
in weter requirements. A growth of weeds in a
summer fallow represents a tremendous loss of
thousand pounds of dry matter per acre of the

weeds represent a loss of at least 1.5 inches

common weeds aiffer
crop Oor on a
molsture. A

most efficlient

of stored

rainfall, or a loss of 4 to 5 lnches of stored rainfall in

the case of weeds having a hlgher water requirement. The latter

represents about the maximum amount of moisture that can be

stored in fallow land. It 1s easy therefore to understand

how the whole of the stbred moisture supply may be lost through

the growth of a moderate crop of weeds. The varieties having

a high water requirement are especlally to be

guarded against.

Root systems and methods of studyling

If the activities of plants are to

be studied the

functions and morophology of all parts must be taken into

consideration. The roots must receive the same attention as

the growth above ground. Root systems are dlvided into two

classes, fibrous root systems and tap root systems. The type

of root system of a plant determines at what level the plant

removes water and mineral nutrients from the soil. In the

study of the competitlon of weeds wlth crop plants the root



gsystems should not be neglected. Weaver (34) states that the
variationa in root habits under different climatic conditions
are very pronounced. Rodt systems of plants wilthin the sane
field have definite differences as the result of
competition. Many roots are capable of adjusting themselves
to different soil environments, others are much less susceptible
to change.

Studles of root systems were made in the early
part of the twentleth century, but the methods were crude and
unsatisfactory. In 1916 iiller (20) isolated the root systenms
to be studled byvdigging a trench two and one-hzlf feet wide
around prisms of soil 15 to 18 inches in thickness. After the
isolation of a prism of soil a wooden framework of llght zater-
ial was fitted snugly over &t. Ordinary wire fencing with a
four to six-inch rectangular mesh was placed on two sides of
the prism. The plant stubs and root crowns were held in place
by wiring them to narrow strips of boards which were nalled
crosswise to both sides of the framework. Numerous cross wlres
were pushed through the soll to hold the roots in place. The
soil was then washed away with a stream of water. This 1is slmost
the same method as that used in earlier years by King (18),
and Ten Eyck (27), (28), and (29) in studying root systems of
farm crops. »

Weaver (33) says that a knowledge of root
devcdopment under different natural and cultural conditions

is not only of nmuch practical value, but it also finds



numerous sclentiflc applications. In his experlments a

trench was dug to the deptn of about five feet and of

convenlient width beside the plant to be examined. This

afforded an open face into which one could dig with a hand

plck furnished with a cutting edge, and make an exaaminatlion

of the root system. Upon excavating the roots detalled notes

add careful measurements were mede. Drawings of the root systems

-

tn 2 penci

l._)

were made 1n the fleld on z large drawing shect wi
and later traced with India ink. They were madc simultaneously

with the excavation and always by exact measmmements.

A. The water requirement of Lactuca and Kochila
under differcnt environmeﬁtal conditions.
Methods

From the list of factors given by authors in the
literature review four were chosen to be controlled and one
to be modified in determining the water regquirenent of
Lectuca and Kochla. These wsre type of soils, wind velocity,
percentage of molsture, intervals of addition of water, and two
light intensities.

Ordinary drinking glasses were seclected as soil
receptacles. Glass tubes 13 cm. in length were placed in each
8lass to provide a method of watering the plants.(Fig. 32)

The glasses were weighed before filling and the weights record-
€¢d. The same amount of air dried soil was placed in each glass.

On July 2nd small plants were taken from the Experimental Weed
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Plot and three plants planted in each glass. The measured
amount of water to make the correct percentage of molisture
content was added. On July 3rd small pieces of cotton were
wrapped around the base of each plant to protect 1t froa a
warm mixture of paraffin and vaseline which wa:s poured on 1Op
of the goil to prevent evaporatioq from tne surface. The new
welght was recorded as the constant welght for the period of
the experiment.

The first readings were made on July 5th. It was
found that the wax had been added too Hot on some of the glasses
and the plants were killed. These were transplanted on the
Sth of July, brown paper was wrapped around each plant to pro-
tect 1t from the wax. This metiod was more effective than the
cotton and no plants were lost by the addition of wax.

Each glass had a key number typed on a label and
shellaced upon it. Table IX gives the key to the factors used.
Thirty-two conditions were maintained for each kind of weed
and these were run in triplicate.The Experiment ran for forty

days.



Table IX

Key to labels on glasses

Serles-Kind of plants
A.Kochla
B.Lacjuca
Treatment
l.Wind veloclity 1S miles p
2.Wind velocity O mlles p
3.8andy loam soil
4.Clay soil
5.8hade
6.5unlight
T.S51xth per cent molsture
8.Thirty per cent moisture
9.Water added every second
10.Water added every fourth
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Test in triplicate
I-II-III
Glass _
1-182
Example of key
A-a=I-1
Interpertation of key number
A-Kochia
a-moving alr
sandy loam
shade
8lxty per ment moisture

er day
er day

day

day
2-3-5-7-9
2-3-5-7-10
2=3-5-8-9~-
2-3-5-8-10
2=3=6~T=5=
2-3=6-7-10
2~3-6-8-9~
2-3-6-8-10
2=4-5-7-9-
2=~4=-5-7=1C
2-4-5-8-9-
2-4-5-8-10
2-4=-6-7-9-
2-4-6-7-10
2=L~6-8-5-
2-4-6-8-10

water added every second day

I-flrst test in triplicat
lznumbdr of glass
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In order to determine tne dry welght of the plants
used, fiffy plants of each species of a represcentative helgnt
were selected from the fleld. These were oven drled, weighed
and the average welght for each plant computed.

A mechanical analysis of the two types of soils
selected was made by the Roads idaterial Laboratory at the
Colorado Agricultural College. The report is given in Table

X. The classification according to Trilinear soil was Sandy

loam and Clay.



Table X

Roads Materlals Laboratory report on soll samples

Sample No. 1 Sample No. 2

Passing No. 10 Sieve 99.9% 100.0%
" No. 20 Sieve 90.7% 97 .4%
" No. 60 Sieve 62.4% 91.0%
l No. 100 Sieve 46.8% 82.4%
" No. 200 Sieve 37 . 5% 72.9%
s11% 18.84% 31.4%
Clay 19.1% 41.5%

Classificatlon according to Trilinear soil
Classificatioh chart: Sample No. 1, Sandy loam;

Sample No. 2, Clay. Tested by I.R.R.
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A ten year azverage of the wind velocity 18 inches
above the ground for July and August was gsecured from the
Meterologlcal ssation. This was found to be 19 miles per day.
To maintain this rate of wind velocity in the greenhouse two
electrlic fan blades were mounted on shafts and rotated contin-
ually throughout the experiment by a small glectric motor.

The wind veloclity was tested with a Short and Mason
anemometer for thirty minutes. Alleys were made of unbleached
muslin to prevent the spread of the wind and to maintain the
same velocity over all the plants. See Flg. 21.

The effect of shading was 1lncluded as one of the
environemhtal factors. The two Intensities were obtalned by
shading one series of plants with two layers of unbleached
muslin, one olled with linseed oll and one unolled. See Filg.21.

The water holding capacity of the two types of
solls was determined. The capaclty of the clay soil was found
to be 60 grams of water for each 100 grams of soil, and the
sahdy soil held 36 grams for each 100 grams of soll. The
two percentages of molsture chosen for Lactuca were 60 per
cent and 40 per cent of the water holding capacilty of thesoil,
and for Kochla 60per cent and 30 per cent. The amount added
for each 100 grams of soll 1s glven in Table XI. Sixty per
cent was chosen for both plants because 1t was glven by

Tulaikov (31) as the optimum moisture content.
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Table XI
Amount of wéter added to each type of soil to

obtain the correct percentage of molsture

Type of soil Percentage of molsture Water added to each
maintained 100 grams of soll
Clay 60% 36 grams
" 40% ok "
" 30% 13 0
Sandy loam 60% 21.6 -grams
n n 40% 14.4 "

L " 304 10.8 "



The glasses were weighed every second day between
6 and 8 o'clock A.K. The welght lost and the amount of water
added was'recorded. One sgeries of glasses were brought back
to the priginal weight at each weighing. The other serles
were brought back to the origlinal welght every fourth day.
The water was added from a siphon placed above the scales.

See Flg. 22.









At the end of forty days the plants were taken
from the glasses and the roots washed from the solil by an
akundance of water. These were oven-dried and welilghed. The
increase in the welght of the plants was used ag the amount
of dry matter produced.

The averaze water requirement was calculated and
the mean deviation computed. The mean deviation is the varilation

of the individual readings from the averaze.
Experimental data and discussion

The purpose of determining the water requlrement
of plants according to Khankhoje (19) 1is two-fold,for
practical applicatlons and theoreticél generalizations. The
term "water requirement" 1s used in this paper 1n much the
same %ay as 1t 1s used 5y Montgomery (22): the ratio of ths
water absorbed to the amount of dry mattér produced. Only
the water transpired by the plants is taken into conslder-
ation. The water requirement of Lactuca and Kochia under
environmental conditions maintained in the experiment are

presented in Tables XII and XIII.

L{] n

The group letters 2,b3Cye v are used 1in

the Tables to denote the conditions under wﬁich these plants
were kept. (See Table XIV). Only the small letters which
represent groups are giveh in this Table. The groups in

parentheslis were in still alr, those without parenthesis



-

were in moving air. The groups from "a-h" were in sandy loam

~

and from"i-p" in clay; groups "a-d" and "1-1" were in the shade,
whereas the groups "e-h" and "ﬁ-p"hwere in the sun; groups
"a,b,e,f,i,k,m and n" had 60 ﬁer cent molsture content and the
femaining groups 30 ber cent for Kochia and 40 per cent for
Lactuca. Gromps "a,c,e,g,1,k,m, and o" were watered every

éecond dey and tﬁe otner groups everynfourth day.

It can be seen from Tables XII and XIII that the
variation 1in the water requlirements of these groups 1is so
great that no deflnite correlations are possible. Therc is
no closer correlation between the groups than between any
other random arrangement. If any correlation could be made
1t 1s apparent that the mean deviation is so great tnat no
significance could be attached to the comparison. The dats
are all quanltative, but some trernds are evident and these
will Dbe discussed in the combinations of still ale with moving
alr, the types of soils, the intensity of shading, the
percentage of soil moisture, and the time of watering.

The water requirement for Lactuca in Table XII
for plants in still air'ranged from 153 to 923 with a variation
in the wmean deviation of from 14 to 247. The water requirec=-
ment In moving eir is more consistent ranging from 365 to
715. The varlation in the mean deviatlon, however, ig greater,
ranging from 58 to 426.

The water requirements for Kochia iR

Table XI1III



shows a marked difference under different conditi:ns. There 1s
a wide range in the mean deviation when the water requirement
1s low in moving alr and the results are consistént, in still
aif there 1s no apparent consistency. In moving alr the soll
does not have the same effect on the wéter requ.rement as it
has in still aig, but in both cases the plants 1n the clay

has a tendency to have a higher requirement. The water

requlirement tends to be higher In the ahade than in the sun.
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Table XII

Water requirement of Lactuca under environmental conditions.

Wind velocity O Wind velocity 1S miles per dszy
Key No. of Water Re- Key No. of Water Re-
No. trials gqulirement No. trizls guiremsnt
a 3 466 +108 (a) 3 325 +£ 312
B 2 571 = g2 (%) 3 407 £ 137
c 2 419 = 14 (c) 2 923 £ 426
d 2 538 * 92 (a) 3 305 +113
o 2 454 £ 59 (o) 2 643 + 178
£ 3 365 +157 (£) 3 487 + 109
g 3 440 £100 (g) 2 459 1154
h 3 451 & 77 (n) 3 153 + 58
1 3 483 +105 (1) 3 463 + 72
3 3 572 +122 (1) 2 819 + 151
k 2 614 £224 (k) 3 813 £193
1 3 563 247 (1) 3 568 132
m 3 636 %132 (m) 2 177 * 67
n 3 715 127 (n) 2 227 * 91
0 3 415 + 49 (o) 3 416 * 56
D 3 409 112 (p) 3 48% + 160
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Table XIII

Water requirement of Kochia undef envibomental conditions.

Wind velocity O Wind velocity 19 miles per day
Ke§ No. of Water Re- Key No. of Water Re-
No. trisls quirement No. trials quirement
a Falled to establish (a) 2 644 £322
b Falled to establish (b) 1 680
c 3 1387 % 501 (c) 2 199 * 36
d 2 995 + 485 (d) 2 459 £ 3
e 3 359 t 26 (e) 3 631 + 289
£ 1 253 (f) 2 347 = 36
2 297 + 8 (&) 1 336
h 2 333 + 38 (h) 2 322 + 52
1 2 1544 * 1005 (1) 1 4720
3 1 1300 (1) 1 717
X 1 1766 (k) Falled to establish
1 1 695 (1) 1 1575
m 2 512 * 58 (m) 2 702 + 100
n Failed to establish (n) 3 496 # 201
) 1 702 {0) 3 4408 + 2061
D 1 448 (p) o 1717 % 407



£8p U3¢

X

£8p pug

‘T8 TTFIS UT 997Ia8 9yl 99BOTPUT s8(sayjuaxsd Ul 8193307

X

X

%of

X

X

%09

X

X

X

X

ung apBUg

X

X

L8810

p'e

puss

X

X

X

X

PUTA

g

W S " o M O~

q

-]

19339 T

*3dox oxom sjueyd 9yl UYSTUM ISpuUn SUOTFFPUOCD aYJ ©30UdD YOTUM SI9339T dnoxy

AIX 919®%



Air Movement

The water requirement of the plantg, both Lactuca
and Kochia, show simllar varlatlons in still and moviﬂg zir.
The plants in the still alr required more water. (See Tebles
XII and XIII). This was probably caused by the differcnce
in temperatufe for in the sunlight without wind tne temper-
ature was on the average 4%¢. higher than under the same con-
ditions in wind. The temperature of still air in shade was
2100. nizher than in moving gilr. Temperature probably affects
the water requirement more than does the movement of tne zir.
In all the photographs of the plants (Fig. 23 to 35) the
three glasses at the left were in still alr, and thé three

at the right were in the controlled veloclty of the wind.

Types of Solls

The effects of the sdils on the water requirement
of Lactuca are conflicting, but the Kochla plants in the clay
had'a higher water requirement In practically every case.
The variation of Lactuca agrees wiltn the stasement of
Brigss and Shantz‘(B) that the avallable mineral nutrients
heve more 1nfluencern the water requlrement than soill types.
The clay probably had more avellable mineral nutrients than
the sandy loam. No direct comparisons can be made from the
pictures of Lactuca, %but the plants 1in Flg. 23 and 24 were
grown in sandy loam and those in Filgures 25, 26, and 27 were

in clay. Direct comparisons can be made from the Kochla,
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Fig. 28 shows plants growing in sandy loam and Fig. 34 plants
under identical conditions except that they are'in clay.
Similar comparisons can be made from the plants in Pig. 32

and %5. The former is in sandy loam and ine latter in clay.
The plants in s;nay lozm in botn cases were almost dead wiaen

the experiment was half finlshed.

ghade

For both Kochia and Lactuca the plants shaded had a
uniformly higher water requirement thén those in the sunlight.
Briggs and Shantz (5) state that all avallable data indicate
that shading increases the water requirement of plants.
Comparisons of the growth of Lactuca can be nade from Filgures
25 and 27, and for Kochia from Filgures 28 and 30; and
Figures 29 and 32. The plants in the sunligi:t did not mature

as well as those in the shade.

Moisture content of the soil.

The data on the moisture content of the solil for
the Lactuca indicate that the higaer the percentage of moisture
the higher the water requirement. Thls agrees with the work
done by Morgan (24), Harris (13), and Klesselbach (17) when
working with oafs , Wheat, and corn. The same conditibns
with Kochla give such varying results that no conclusions
can be drawn. Comparisons of tne plants in Figures 28 and 29,

Figures 30 and 32, and Filgures 31 and 33 show that the plants



in sixty per cent molsture grew more before they dled.

Intervals of adding water.

Water was added to one series every second day
and to the other series every fourth day. No conclusive results
were obtained for elther weed. This may be seen from the
Kochia in Figures 30 and 31; and in Figures 32 and 33, also
in the Tables XII and XIII when the series "a,c,e,3,i,k,m
and o" are compared with "b,d,f,h,j,1,n, and p".

General concluslons

The average water requirement of Lactuca under all
environmental conditions ts 513, and the averazse for XKochla
1019. Kochla had a higher requlrement than any wesd glven
by Briggs and Shantz (6) as shown in Table VIII. The water
requirement for Lactuca and Kochia was determined for young
plants only durihg a pért of“their growth. This probably
accounts for the great variation under differcent environmental
conditions for the young plants were not thorouzhly
established and the data indicate that the more vigorous
the plant the lower the water requirement. These plants were
allowed to grow only forty days and the data give the water
requirement for young plants, not for the entire
growling perlod. The Tables XII and XIII show that the water
requirement of Lactuca 1s more consistent under all conditions

maintained, but Kochia shows a great variation. This suggzests
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that Lactuea has a greater czpacity to survive widely
different eﬁvironmental conditions thsn has K®thla.

The writer draws the same conclusion on the effect of
environmental conditions to the water requirement as Thom
and Holtz (30): That any condition that disturbs the normal
1ifebproceéseélof the plant increases the water requirement
to Just such a degree as it depresses the noraal

fuctionings of the plant.
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B. Root Systems of Lactuca and Kochia.

Roots in semi-arid conditlons are of interest to
the dryland farmer because the type of root determines at
what level a plant takes water from the soll. To find the
relation of the weeds and crops undergzground the root

systems must be traced.

Methods

In order to determine the best method of
1nvestigatihg root systems the manipulation of previous workers
was conslildered. The method used by Weaver (33) appezred
to be more satisfactory then that used by diller (20), King
(18), and Ten Egck (28), (29), (27). Trenches were dug
aboﬁt Tlve feet deep and of convenlent width. A plant was
selected a iittle dlgtance back from the face of the trench
and the roots carefully excavated with an ice pick. Water
was used to wash off the dirt clinging to the roots and to
soften the ground so that no small rootlets would be broken.
Detailed notes, careful measurements, and drawlings were made
simultaneously with the excavation. Measurements of the growth
of the plant above ground were made and spll samples were taken
at different depths to determine the moisture content at that

level.



Experimental data and discussion

Two small and one large specimen, each under
different ehvironments, were selected of each weed for the study
of the root sgstems. One small and the large plant were in a
crowed pure stand whereas the other small plant was 1lsolated
from all other plant growth. The root systems of the small
plants of Lactuca and Kochla are shown in Plates I, IE,
IV, and V, and of the large plants in Plates III and VI.
Plates I, II, IV, and V are natural size and P_ates III and
VI are one-fourth natural slze. Both Lactuea and Kochia have
tap root systems. The molsture contenﬁs of the soil at different

depths are given in Table XV.



Table XV

Percentage of moisture content of the soil at different depths

Plant

Lactuca

I
II
III

Kochila
Iv
v
Vi

30 cm.

8.52

7.17
8.00

30 cm.
7.56
7.66
4.93

.18

60 cm.
T.33
90 cm. 150 cm.

9.35

120 cm .

12.18

210 cm.

10.90

165 cm.

13.68

255 cm.

13.16



The smell igolated plants had a main tap root with
only a few laterals. The Lactuca (Plate II) reached down 16
cm. and the plant was 14 cm. high. The laféfals were practically
all in the upper 5 cm. of soil. The soil moisture content
at a depth of 30 cm. was 7.l1l7 per cent. The Kochia (Plate IV)
was 8.5 cm. high and the root extende 17 cm. in the-ground. —
The percentage of soil molsture was 7.56. A1l Xochia plants
have a pecullar bend in the root Just below the surface of the
goll.

The roots of the smzll plants in the dense pure stsnd
extend deeper into the soil and have more laterals than the
1solated plants. The Lactuca (Plate I) was 17 cm. high and
exkended& down 28 cm.,‘the root ended ébruptly but the root
cap was 1lntact. The declded curve abowt 22 cm. down was
caused by a stone and the root. grew around i1t. The moisturs
content of the doil at this level was 8.52 per centf
The Kochia (Plate V) plant was 17.5 high and the moisture
contént of the soil’was 7T.66 per cent , almost identical with
the other small Kochia. The greater depth and the increased

number of laterals on both the Lactuca and Kochiea indicate

that competition with other plants and a lower avelilability
of molsture leads to more rootlets t> sbsorb water from the
soil.

The large plants were chosen from dense pure sitzands.
The hard pan extended from 30 cm. to 90 cm., the moisture con-

tent was low throughout this region and very few rootlets
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branched from the main roots. The large Lactuca cnosen was

120 cm. high and was almost in bloom. The root (Plate I1I)
extended 180 cm. in the ground and for a part of this )
distance it followed the path of an old dead root. All

Lactuca plants have many laterals nezr the surface of the soil
with only a few rootlets on the rest of tahs root. Soil
molsture percentages were computed for the different depths

as shown in Table XV. Ths young wheat plant has many laterals
near the surface of the soil so that Lactuca and the wheat

are in competition when grown together. If both plants absorb
moisture from the sane level, neither has z fzir chance in dry-
land solls of low molsture content. The large Kochlie choscen
was 83 cm. iIn helznt. The root system (Plate VI) extended

240 cm. into the ground. At the surface the root was 16 mm.

in dlzmeter and very irregulzar with many indentations. Soil
samples (See Table XV) were taken to show the influence of
increased molsture on root _srowth. Many rootlets were found

at a depth of 150 cr. where the molsture content increacsed.
Tne soll was sandy wilth numerous pebbles and this in part accounta
for the lrregularities in the downward growth of the root.

The great depth of the Kochia rooct shows that the plants are
able to absorb molisture from the soil at levels at which the
water might be stored. The systems given in the Plates are
representative of the plants studled and indicate that boih
Lactuca and Kocinla are able to absorb moisture froa great

depths.



PLATE I
Root system of small Lactuca , in dry unirrigated

gso0il and in thick pure stand. The plant was 17 em. high.
(Natural size)









PLATE III

Root system of large Lactuca, in dry unirrigated
s01l and in thick pure stand. The plant was 120 cm.
high. (.25 natural size)






PLATE 1V
Root system of small Kochia, in dry unirrigated soil
isolated from other plant growth. The plant was 8.5 cm.

high. (Natural size)
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Summepy &and Concluslons

The purpose of this thesis has been (1) to
determine the effect of weed growth on soil moisture and
(2) to ascertaln the water requirements and root systems of
Lactuca and Kochla under different conditions.

In the spring of 1926 plots were established to
determine the relation of weed growth to the loss of xzoisture
from the soil. Four condlitions were maintained: Plot A was
cropped end mulched, Plot B was uncropsed and mulched, Plot
C cropped and unzulched, Plot D uncropped and unmulched. It
was found that the loss of molsture from the sollwas greater
through the transpiration of plants than through evaporation
from the surface of the soil, and that the ellimination of weeds
1s a greater factor in the conservaztion of soil moisture than
the maintalnence of a malch.

It was planned to contlnue this experiment during
the following year to determine the effect of the treatments
on crop yleld and the relation of croppind systexns to weed

growth, but the plota were flooded in the fall and agzin in

the spring with waste irrigztion water and the writer was forced

to look for a new location for the experimental work. A field
on the writers farm contained the three cropping systems and
1t was decided that readings from this locatl.n would be of
Interest and value. Weed growth was more abundant on wheat
after wheat than on elther wheat after sumner fallow or

wheat after corn. The yield and soll molsture content were

LIBRANY OF THE

STATE AGHICULT'L cNLLEes

EART SO RIS s s



-102-

higher on the sumner fzllow in the absence of weeds tnan
on the wheat after wheat where the weeds were numerous.Thls
led to the conclusion that the chlef value of culilivation
lay in the eradication of wesds whlch removed soll unoisture
by transpiration.
The results of the two preceding experiments
opened up new fields in relation to weeds growth, the amount
of water actually used Py weeds and the relation of root systeas
of weeds to the water used.
Because the most prevalent weed on the

experimental plots of 1526 was Kochia spo.and because

Lactuca spp. were practically the only weed in wheat after

wheat or corn rotation on the writers farm these two were
chosen for the determination of water requirements mwnder
different environmental condltions. It was found that the

water requlrement showed a great variation but that it in-
creased 4m proportion as the normal life processes of the plant
were disturbed.

The root systems of these two plants were traced
at the Experimental Weed Plot. It was found that competition
increased the depth to which the roots went and the number
of laterals upon them. Weeds in competition with wheat or
other farm crops rob molsture from the growing crop and
reduce the crop yileld.

The results of thls thesis substantiate the

comnonly held 1dea that clean cultivation improves crops by



eliminating the weeds and increasing the proportion of
rainfall available to crop plants by the removal of competing

vegetation the root systems of which rob the crop plants of

molsture and mineral nutrients.
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THE EFFECT OF WEED GROWTH UPON SOIL MOISTURE:
THE WATER REQUIREMENT‘OF SPECIES OF LACTUCA AND KOCHIA.

BY

UVERNA DAMKE HUBBELL



Summary snd Concluslons
The purpose of this theséﬁhas been (1) to dstermine the

effect of weed growth aen scoil molsture, snd (2) to ascertain

the water requiremgnt and the root systeme of Lactuce snd

€]

Kohie under different condition
In the spring of 1926 plots were establlshesd 1o deteraine

the relation of we=d growth tk the lcz. oL molsturse foch the soll.

Tooe conditilons were malntained: Plct o0 7as cro. ¢4 ana mulched,

Plot B was uncroppred and mulched; Plot C cropped and unaulched,
and Plot D uncropped and unmulched. It was found that tne loss
of moisture from vhe soil wae greater throuzh the transpiration
of »plants than through the evaporation from the surface of the soi%,
and that the eliminstion of weeds 18 a greatsr factor 1in the
conservation of soll moisture than the maintenance of a mulch.

It was planned to continue this exporiment during the foliowm-

ing year to determine th:s effect of the treatments on crop rileld

and the relation of cropring systezs to weed growih, bul the
plots weré flooded in the fell and agaln In the spring by waste

irrization water and the writer was forced to look for a new

location for the experimental work. a4 fleld on the writers fara

conteined the thres cropping sgstems and 1t was decldsd that
cadinzgs from thls location would be of intercst and value.

a

Weed growth was more abundant en wheat alfter wheat than on eilther
wheat after summer fallow or wheat aftsr corn. The yleld and
gsoll molsture content were hizher on the summer fallow 1n the
absence of wseds than on the wheat after wheat where tns weeds
were nunerous. This led to the conclusion that the chisf velus

of cultivation lay 1n the eradicatlon of weeds which rsmoved

goll molsture b7 transpiration.



[

The results of the two wrecedling experianents opened up new
fields In relation to weed zrowth:the zmount of weter used by

nd the relztions of root system:z of wezd:z to the watzr used.
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Beczuse the 208t prevalent weed on the cxperlmental plots

1
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of 1926 were Xochlae spu. and because Lectuca 3pp.were practically
t
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the only veed in wiezt aftsr wheat or corn rot
farm these two were chosen for ths deterainztionso of water

reQuirements under different envieonmentzl conditions. It was
found that the water reguirenent showed = sreat varisztion but

that 1t increasesd 1 nortion zs3 the normal 1life procssses

o]
o]
b
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were disturbed.
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The root systems of these two plants vzre tra
Experimental Weed Plot. It was found that competition incressed

-

the depth to wnlch the rootswent and the nuaber of lotsrsl

[¢7]

upon thsn. Pistes I- VI glve the detalls of the roots. Weeds in
competition with wheat or other farm crops rob moisture from the
growlng crops and reduce the crop yisld.

The results of this thesis substgntiate the commonly held
idea that clean cultivation improves crops by ellminating the
weeds and increaslng the proportisn of rainfall available to
crop plants by removal of competing vegetation the root systems

of which rob the crop plants of moisture and aineral nutrients.
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