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CHAPTER I 

INTRODUCTION 

Purpose and Scope of the Thesis 

Grain sorghum is one of the most Important crops in 

the High Plains area of Texas. It has been irrigated in the 

area since the early 1900*s. Because of the importance of 

the crop various Irrigation experiments have been conducted. 

In 19l8-1919> field trials on the water requirements 

of kafIr and milo were made near Plalnview, Texas by the 

Texas Board of Water Engineers. Rainfall and irrigation 

water were made available to kafir and milo during the grow

ing season in varying amounts of 9-to l4-inches per acre. 

Maximum yields were obtained when 10-to 12-lnches per acre 

of water were made available (l). Since that time, however, 

higher yielding varieties have been developed, along with 

many scientific methods of measuring soil moisture. Because 

little work has been done in the High Plains area with these 

new methods smd new varieties, this experiment was set up to 

determine if a method could be found whereby maximum yields 

could be obtained at a low rate of water use per pound of 

grain produced. 

Today on West Texas farms, various amounts of water 

are made available for growth of grain sorghums by supple

menting rainfall with pre-planting and post-plamting irriga

tions. The amounts of water available for plaint growth range 



from 10-acre Inches under dryland conditions to 6o-acre inches 

or more under heavy irrigation. The importance of the crop 

grown and the wide variation in irrigation practices in the 

High Plains of Texas led to the selection of this problem of 

studying the effect of different levels of moisture on the 

growth and yield of a grain sorghum. 

Differences of opinion exist among grain sorghum 

growers in the area as to the period of growth in which grain 

sorghum requires the greatest amount of water. These opin

ions stimulated the idea of making a consumptive use study 

of grain sorghums to determine the amount of water required 

and the stage of growth at which most water is needed. The 

experiment was planned to obtain information which might be 

of use to grain sorghum growers. 

Review of Previous Research 

Irrigation experiments were carried out by Rockwell 

(l) of the Texas Board of Water Engineers on a ssuidy loam 

soil near Plalnview during the years 1918-1919. Workers con

cluded from the experiments that 10-to 12-inches of water is 

the proper quantity for grain sorghum. 

A study of the methods of moisture determination was 

necessary to determine the amount of water used by grain sor

ghums. One of the methods studied was that of electrical 

resistance. The principle of this method is based on the 

electrical resistance of the soil at a given moisture 



percentage. The electrical resistance principle was tried 

by Gardner (2) and Whitney (3) (4) in the latter part of the 

nineteenth century. Carbon electrodes were embedded in the 

soil and a wheatstone bridge was used to measure the electri

cal resistance of the soil. However, these workers were not 

able to correlate the resistance readings with the moisture 

contents as determined by the oven-dry method. In 1931 

McMarkle (5) placed 4 electrodes in the soil 2-feet apart and 

concluded from his work that this principle could be used to 

measure the moisture content of the soil. Edlefsen et al. 

(6) suggested as late as 194l that electrodes embedded in the 

soil could be used to measure the moisture content. 

In 1939 Bouyoucos and Mick (7) noted that the methods 

of measuring moisture in use at that time failed to cover 

the lower range of soil moisture. Since it is difficult to 

conduct current throvigh the soil because of compaction, tex

ture, salt content, and temperature, Bouyoucos proposed em

bedding the electrodes in plaster of Paris which has the 

characteristic of rapidly assuming the same moisture content 

as that of the surrounding media. T^us any chajige in soil 

moisture would give a change in resistance. In his work with 

the blocks on com, oats, and soybean plots, he found that 

the blocks were accurate from one-tenth per cent to one per 

cent of actual moisture as determined by the over-dry method. 

Some of the advantages noted by Bouyoucos (8) of plaster of 

Paris blocks were these: 



1. The soil is not disturbed after the blocks have been 
installed. 

2. The blocks do not interfere with tillage. 

3. Little time is required to take resistance readings 
from the blocks. 

4. Plaster of Paris blocks can be used to take tempera-
tiire readings as well as moisture readings. 

5. Readings can be made by unskilled labor. 

6. The initial cost of the blocks is low. 

Since Bouyoucos Introduced the plaster of Paris blocks 

many improvements have been made. Bouyoucos (8) treated 

plaster of Paris blocks with nylon plastic resin and found 

that they decomposed only 2 per cent per year, while un

treated blocks decomposed up to 90 per cent per year. Slater 

(9) experimented with a cylindrical block which is said to 

have less current loss to outside media than rectangular 

blocks have. 

Other materials used in Bouyoucos blocks Include nylon 

and flberglas, Bouyoucos (lO) found that nylon and fiberglas 

have the advantages of the plaster of Paris blocks and that 

they will deteriorate less rapidly. Additional advantaiges 

of nylon and flberglas blocks indicated by Bouyoucos (11) 

were that they are only moderately sensitive to changes in 

temperature, have no stray currents due to the steel case, 

do not absorb salts, and give more accurate readings than 

the plaster of Paris blocks. Bouyoucos (lO) suggested that 

further research might make nylon units suitable replacements 



for plaster of Paris blocks. Coleman (l2) stated that flber

glas xmlts can measure moisture from saturation to well below 

the wilting point. Stockhouse and Yonker (13) found that 

fiberglas blocks gave moisture readings which compared favor

ably with those of lysimeter studies. 

Materials which have been used in blocks without suc

cess include dental plaster, fired clay, marble dust, con

crete (7)> rubber, sponge, asbestos, fabric and bare elec

trodes (14). 

Various types of electrodes have been used in plaster 

of Paris blocks in work by Bouyoucos (l5). The most common 

of these is made of No. 18 two-strand wire with 2^ inch leads 

spread 3/4 of an inch apart. Other electrodes include chrome-

plated brass tips and stainless steel 20-mesh screen wires. 

In am experiment Edlefsen and Anderson (I6, 6) compared 

the efficiency of blocks containing two electrodes with that 

of blocks containing four electrodes. They received approxi

mately the same readings with each set of blocks and concluded 

that there is no value in using four electrodes per block. 

Various methods have been used to calibrate Bouyoucos 

blocks. One of the most common methods is to place the blocks 

in soil, take a reading, and correlate the reading with an 

oven-dry determination from the same location. Other devices 

used to calibrate the Bouyoucos blocks Include the humid 

chamber (17)» freezing unit (I8), and the pressure membrane 

(19, 20, 21). These three devices indicate the moisture 



present at a given ohm reading. 

Numerous experiments have been conducted to determine 

the amount of salt required to affect Bouyoucos block read

ings. Bouyoucos (22) found that up to 1,000 pounds of a 4-l6-

8 fertilizer did not affect the readings on sands or loamy 

sands. Other experiments (8) indicated that 2,000 pounds of 

a 10-10-10 fertilizer were required to have a pronounced ef

fect on the readings. Laboratory work by Weaver and Jamison 

(23) showed that water with high salt concentrations and high 

amounts of commercial fertilizers did not significantly af

fect the readings of nylon and flberglas blocks and that the 

effect was less on highly buffered clays, or clays with a 

high exchange capacity, than it was on sandy soils. 

Ewart and Bouer (24) discovered that the plaster of 

Paris blocks gave the same readings in relatively salt free 

water and in irrigation water with 2000 ppm of sodium chloride. 

However, fiberglas blocks showed a significant lag in resis

tance values when 1000 ppm of sodium chloride were present. 

The first meter used to measure the resistance of soil 

moisture was a wheatstone bridge (2, 34). Later Bouyoucos 

(22) used a rather complicated vacuum tube oscillator which 

read in ohms of resistance. This meter was later simplified 

to read in the approximate percentage of available moisture. 

Bouyoucos (29) reported errors due to electrolysis and polar

ization when direct current was used and reccMmnended the al

ternating current for measuring electrical resistance. He 



also reported (2) that readings on plaster of Paris blocks 

should be corrected to a certain temperature because tempera

ture differences at the time of the readings will give a 

variation in resistance readings. 

Research personnel (25, 26, £) at the Mlchlgam Agri

cultural Experiment Station have devised a slide rule that 

gives resistances for the observed soil temperature and con

verts the reading to present available moisture in one opera

tion. Bethlalmy (27) has made alinement charts whereby soil 

temperature and moisture ohm readings can be made with one 

meter reading. 

Experimental field work with scheduled irrigation has 

been conducted over an extended area with niimerous crops. 

In work in Hawaii by Ewart (30), irrigation scheduling was 

based on Bouyoucos block readings. He found that it was more 

economical to Irrigate when the blocks read 20 per cent of 

available moisture than to follow the usual method of irri

gating every 7 to l4 days. Coleman (31) reported that in 

Arizona the blocks were used with success to measure evapora

tion from bare soil. MacKaness and Rowse (32) showed that 

corn yields in Illinois were Increased by scheduling the ir

rigations with Bouyoucos blocks. Readings taken from these 

blocks have also made it possible to detemnlne consumptive 

use. In Michigan (22) by irrigating the plots when Bouyoucos 

blocks read 50 per cent of available moisture Instead of 

following the usual method of irrigating every 7 daiys, the 
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yield and value of tomatoes and com were Increased and less 

water was used. Bradley and Pratt (33) found that they could 

Increase the value of potatoes through the scheduling of 

their irrigations with Bouyoucos blocks. By the use of Bou

youcos blocks, Kelley et al. (34) were able to determine the 

moisture stress at which guayule grows most successfully. 

Bouyoucos (35) has devised an automatic method of scheduling 

Irrigation of greenhouse plauits. When blocks reach a certain 

reading, an electrical switch activates a sprinkler system. 

White (36) used the blocks successfully to study the effect 

of land use on the hydrology of farm lands imder varying 

types of snow cover and frozen soil. 

Other methods of moisture determination which were 

reviewed Include the air picnometer method (26), the electro

thermal method (9* 37* 38), the freezing point method (39, 

22), the sorption block or gravametrlc plug method (39, 36, 

^0, 39), (37, 41, 42), the tenslometer method (12, 37> 4o), 

the avallmeter method (43, 44), the dielectric method (45), 

the limited sampler method, and the pynometer method. Im

proved formulas (44, 45), and the calibrated soil probe (46) 

are also used to measure soil moisture. 

There are many methods of measuring field capacity. 

The direct method of measuring field capacity consists of 

measuring the moisture content of irrigated auid freshly 

drained soil. However, this is often impractical because of 

the lcu*ge area to be covered. Coleman (3I) of the Uhlted 



states Department of Agriculture Irrigated soil columns 18 

Inches high, drained off the excess water, and concluded that 

the percentage of moisture in the upper half of the column 

was a fair measure of field capacity. Hanks et al. (47) de

vised a formula which is more accurate than the moisture equi

valent. The pressure membrane can be used to determine both 

field capacity (19) and wilting point (20). 

Another method used to determine the wilting point is 

the sunflower method. A variation of this method using toma

toes has been presented by Breazeale auid McGeorge (48). 

Various methods have been used to determine the con

sumptive use of a given crop or area. In using the soil 

moisture depletion method, the soil moisture is measured in 

percentage by weight. The soil moisture in terras of percent

age by weight is multiplied by the apparent density times 

twelve. The amounts used each day are plotted on a curve. 

The slope of the curve denotes the rate of depletion. This 

method cannot be used where the crop reaches the water table 

(48, 49, 50, 51). 

Another method with which workers have conducted ex

periments uses the inflow-outflow method. All the water 

which goes into and out of a valley including precipitation 

and water stored is measured. The algebraic sum of these 

amounts (giving the water flowing out of the valley negative 

signs) is the amount of water assumed to be used during the 

period: 



10 

Uv-It-P^(Gs^e)-R 

Uy - Valley consumptive use 

I - Inflow into the valley during the period 

P - Precipitation during the period 

Gs-Qe - Change in water storage during the period 

R - Yearly outflow 

Henrle (50) of Utah has conducted experiments using 

the evaporation tank method. Crops to be tested by this 

method are planted in water tight tainks. The amount of water 

added over a given period minus the change in storage is the 

consiimptive use for the period. 

Experiments using the transpiration method have been 

conducted by Calder (49) and Henrle (50). In this method 

transpiration is estimated by cutting plants on a small mea

sured area, weighing them, auid noting accurately the loss In 

weight due to transpiration. The weight loss plus an esti

mation of evaporation from the ground surface would be the 

consumptive use for the small area for a short period of 

time. 

Other methods mentioned by Israelsen (52) used to de

termine consumptive use include the transpiration well method, 

the seepage run chloride increase method, and the slope seep

age methods. Taylor (53) has tried to develop formulae 

whereby the consiomptive use cam be determined by merely know

ing the different weather factors. Some of these workers 
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Include Martensen euid Hawthorne, Thomwaite, Penman, and 

Blaney and Griddle. 

Review of Recent Articles 

Since the research in this thesis was completed, other 

related work has been published. Bouyoucos (54) has improved 

the original soil moisture meter so that it measures higher 

water contents with greater accuracy. The new meter also has 

transistors Instead of vacuum tubes. Transistors prolong 

the life of the batteries and make possible readings from 

blocks which have longer lead wires. Improvements in the 

plaster of Paris blocks minimize stray currents and polariza

tion. 

Painter and Learner (55) compared the effect of mois

ture levels of below 0.7 atmosphere tension and moisture 

levels of 12-15 atmospheres tension on the yield of grain 

sorghum. Plant spaclngs of 4-to 9-inches were used with va

rious fertilizer levels. The greatest yield of 125 bushels 

was obtained when plants were spaced 4 Inches apau't in 36-

inch rows with 100 pounds of Nitrogen and at the low moisture 

tension of 0.7 atmospheres. This was 5.^ bushels greater 

than the yield obtained at 12-15 atmospheres of tension. It 

was also foxmd that the grain sorghum did not draw moisture 

from as low a depth with the lower tension as it did with 

the higher tension. 
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Swanson and ©laxton (56) have released work which in

dicated that the highest returns in pounds of grain per inch 

of water were received when grain sorghum was supplied with 

adequate moisture from planting to the soft dough stage. The 

grain production per inch of water ranged from 88.5 pounds 

per inch of water when the plants received only a pre-plauiting 

irrigation to 135 po\xnds per inch of water when the plants re

ceived an irrigation each time 50 per cent of the available 

water had been used. They also found that the water use of 

the grain sorghum averages O.05 to 0.10 inch per day until 

July. During July, August, and early September the water use 

averages 0.25 of an inch per day. 



CHAPTER II 

MATERIALS AND PROCEDURES 

Field Capacity Moisture Determinations 

Soil samples were taken from one-and two-foot depths 

from a freshly irrigated soil on three successive days. The 

per cent moisture by weight was determined by the oven-dry 

method. By the third day the moisture had become stable so 

that field capacities were calculated from readings made on 

that date. 

The field capacity for the one-foot depth ranged from 

18.9 per cent to 21.8 per cent with aui average of 20.3 per 

cent. The field capacity for the two-foot depth ranged from 

17.9 per cent to 20.5 per cent with an average of 19.4 per 

cent. 

Wilting Point Moisture Determinations 

Soil samples were taken from the surface and the one-, 

two-, and three-foot depths and placed in quart-size tin cans 

so that six replications of the four depths were available. 

A Bouyoucos block was placed in each can and sunflower seeds 

were planted. As soon as the sunflowers obtained two sets 

of permanent leaves, the soil moisture was brought to field 

capacity amd the cans were sealed off with wax paper and wax. 

These cans were weighed at intervals; percentaige moisture 

loss was calculated; and per cent moisture by weight present 

13 
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was correlated with ohm readings taUcen at the time the cams 

were weighed. Charts 1, 2, 3, and 4 (pages 15, l6, 17> and 

l8) show the per cent moisture in the soil at given ohm read

ings for the surface, one-, two-, and three-foot depths. 

It was noted that the surface, one-, and two-foot 

depths held approximately the same amount of moisture in per 

cent by weight. The three-foot depth, however, held less 

moisture because of the presence of caliche, which is high 

in calcium carbonate and has a lower water holding ability 

tham the soil above the caliche laiyer. 



15 

<\3 

O 

5 

S 
\ \ 

8- v/) 

^ 0 

S ^ 

^ 

0 

^K 
% 

0 

o 

CO 

Q 

^ 

r) 
o 

Q 

to 



16 

h 

hi V) 

< < ) 

CM 

k 

^^/7J5-/C?/y = / 0 SOySfJ3~>^3(-/ 



17 

SP^nu. 9fop^ dio j]Oyj N3 j<ri 9^ 



Ig 

^ • ^ . 

o 
0 
^ 

2
0
0
 

P 

0 
o 

o-
o <c 

0 
'c 

o 

^ 

^ 

0 

u-̂  

^ 

^ 

0 

vo 
Q 
^ 
^ 

0 

^ 

n̂ 
•0 

'^ 

C^ 

5 
> 

Q 

k 

Q̂  
k 
0 

i^ Ĵ  
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Preparation and Calibration of the Bouyoucos Blocks 

The blocks were prepared and calibrated according to 

methods described by Bouyoucos and Mick (7, 15). Plaster of 

Paris was molded into blocks 2 1/4 Inches by 1 3A inches by 

3/4 inch in size. The wire leads in these blocks were 3/4 

inch apart. The blocks were placed in distilled water and 

resistance readings were made with a Berkley ohmmeter. Blocks 

which read 600 to 700 ohms were used. 

Plot Design 

The plots were arrauiged in a ramdoraized block design 

on an area of ground 800 feet long by 426 feet wide. Each 

plot consisted of eight 40-inch rows 800 feet long with an 

averaige grade of 5.5 Inches per 100 feet. The soil was 

classed as an Amarlllo fine sandy loam. Four replications 

of the following treatments were used: 

Treatment A: These plots received sufficient pre-

planting irrigation water so that the soil reached field 

capacity to a depth of six feet. Post-planting irrigations 

were made when the Bouyoucos blocks indicated that 50 per 

cent of the available moisture had been removed. 

Treatment B: These plots received sufficient pre-

plainting irrigation water so that the soil reached field capa

city to a depth of six feet. Post-planting Irrigations were 

made when the Bouyoucos blocks indicated that 80 per cent of 
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the available moisture had been removed. 

Treatment C: These plots received sufficient pre-

plamting irrigation water so that the soil reached field capa

city to a depth of four feet. Post-plauiting irrigations were 

made when the Bouyoucos blocks indicated that 50 per cent of 

the available moisture had been removed. 

Treatment D: These plots received sufficient pre-

planting irrigation water so that the soil reached field capa

city to a depth of four feet. Post-planting irrigations were 

applied when the Bouyoucos blocks indicated that 80 per cent 

of the available moisture had been removed. 

Cultural Practices 

The soil was prepared for plauiting by practices com

mon to the High Plains area. Redblne 66 grain sorghum was 

seeded on June 7, 195^* with a stamdard lister-planter at 

the rate of seven pounds per acre. The plots were cultivated 

as necessary to control weeds. 

Bouyoucos Block Installations 

The blocks were Installed in the test plots on June 

19, 1954. Blocks were placed in two locations in each plot. 

No blocks were located nearer than 200 feet from either end 

of the plots. At each location the blocks were placed at 

one-, two-, and three-foot depths. 
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Irrigation Applications and Significant Rainfall 

The plots in which post-planting moisture was main

tained at 50 per cent available moisture were irrigated and 

brought back to field capacity when ohm readings (4,500 ohms 

at the one-foot depth and 8,500 ohms at the two-foot depth) 

indicated approximately I3 per cent moisture by weight in 

the soil. 

The plots in which post-planting moisture was main

tained at 20 per cent of total available moisture were irri

gated and brought up to field capacity when ohm readings 

(46,000 ohms for the one-foot depth and 92,000 ohms for the 

two-foot depth) Indicated approximately 10 per cent moisture 

by weight in the soil. 

Irrigations were based on the Bouyoucos block readings 

from the two-foot depth for the first irrigation and on the 

one-foot depth for succeeding irrigations. The change to 

readings from the one-foot depth was made because a large 

amount of water was required for the Bouyoucos blocks to re

act diirlng the period when grain sorghum plants were forming 

heads. 

The plots were irrigated on the dates indicated in 

Table I. Table II shows the significant rainfall received 

during the time the experiment was in progress. 
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TABLE I 

IRRIGATION APPLICATIONS* 

Plot Time of Irrigations 
A July 7, July 30, August 30, September 21 
B July 23, August 1, September 6, 
C July 7> July 30, August 30, September 21 
D July 23, August 1, September 6, 

• Approximately 3 to 4 Inches of water were applied 
in each-Irrigation. 

TABLE II 

RAINFALL AMOUNTS* 

Months April May Aû ûst October Total 
Amounts I.78 4.39 2.77 2.78 11.72 

* Rainfall of less than 0.25 inches was not con
sidered -to be beneficial and is not included in the above 
totals. During the months of March, June, July, and Septem
ber there were no beneficial amounts of rainfall. 

Harvesting, Threshing, and Testing of Weight per Bushel 

The grain sorghum was harvested by heading six 100-

foot lengths from the two center rows of each plot. The 

heads were threshed with a head thresher furnished by the 

Texas Agriculttiral Experimental Sub-station in Lubbock, Texas. 

The threshed grain was weighed to the nearest one-fourth 

pound auid the yields were calculated on an acre basis. Sta

tistical analyses were made in accordance with methods pre

sented by Snedecor (57). 



23 

The test weight per bushel of grain produced on the 

various plots was determined at the Lubbock Grain Exchamge. 

The standard procedure as set forth by the United States 

Department of Agriculture was used. 

Consumptive Use Determinations 

Soil samples of a known volume were taken from the 

plots with a soil sampler. The apparent density was deter

mined from these samples by using the following formula: 

Apparent • Weight of a given volume of dry soil 
Density Weight of an equal volume of water 

Moisture readings in per cent by weight were converted 

to per cent by volume by the following formula: 

Per cent by volume per acre inch = per cent by weight X 
apparent density. 

The moisture readings in percent by volume per acre 

inch were converted to inches of water per foot of depth by 

multiplying by 12, 

Monthly consximptive use coefficients for the Blaney 

and Crlddle method was determined from the formula: 

U = KF 

U ̂  Consumptive use of the crop 

K - Monthly consumptive use coefficient 

F = Sum of the monthly consumptive use factors for 

the period !E^ 
100 
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T = Means monthly temperature 

P - Percentage of daylight hours 

The mean monthly temperature and the percentage of 

daylight hours were obtained from the Lubbock Weather Bureau. 



CHAPTER III 

FINDINGS AND INTERPRETATIONS 

Yield Data Information 

A summary of the yield per acre in pounds, test 

weight in pounds per bushel, threshing percentage, and head 

number per ten-pound sample for the four replications of each 

treatment is shown in Table III, page 26. 

Yield in Pounds Per Acre 

The yield in pounds per acre varied from a low of 

3i699 pounds per acre in the first replication of treatment 

D to a high of 5*549 pounds per acre in the fourth replica

tion of treatment A, Treatment A had a variation of 4,6o8 

to 5,549 pounds per acre among replications with am average 

of 5*026 poimds per acre. An analysis of variance was run 

to check for significance in the wide variation in treatment 

A. The various plots in treatment A were significant on the 

1^ level. Two possibilities for explaining this variation 

were the irregular stand amd the lack of uniformity in irri

gation. Replications in treatment B had a variation in 

yields of 4,324 to 4,910 pounds of grain per acre with an 

average of 4,718 pounds per acre. The variation between 

replications in treatment C was 4,320 to 4,803 pounds per 

acre. The average was 4,602 pounds of grain per acre. Re

plications In treatment D had the least variation in yields. 

25 
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The replications varied from 3,699 to 4,192 pounds per acre 

while the average was 3*932 pounds of grain per acre. Al

though treatments B, C, amd D did have variation within repli

cations of the same treatment, the amalysis of variamce did 

not show any significance in this vairiation of yields. 

An analysis of variance to determine the effects of 

the four moisture levels on yields is shown in Table IV. 

TABLE IV 

ANALYSIS OF VARIANCE OF THE 
YIELDS OF THE FOUR DIFFERENT 

MOISTURE LEVELS 

Source of Degrees of Sum of Mean 
Variation Freedom Squares Square 

14,3405 
3.4914 

49.0979** 
6,3692--

*• Indicates significance on the 1 per cent level 

There were no significant differences in the yields of the 

replications so the previously mentioned significance between 

plots in treatment A was not considered of importance. The 

analysis of variance showed significance at the 1 per cent 

level among the yields of the treatments, 

A T-test was made to determine where the significant 

difference occurred, A difference of 533 pounds per acre 

was required for slgniflcamce at the 5 per cent level and 

761 pounds per acre was required at the 1 per cent level. 

Totals 
Replications 
Treatments 
Error 

15 
3 
3 
9 

215,1061 
10.4891 
147.2938 
57.3232 
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Prom Table II, page 22, it is noted that the mean yields of 

treatments A, B, C, and D were 5*026, 4,718, 4,602, and 3,932 

pounds per acre respectively. The difference between treat

ments A amd B was 308 pounds per acre; between A and C, 424 

pounds per acre; amd between B and C, II6 pounds per acre. 

These differences were not significant. The difference be

tween B and D was 786 poimds per acre, amd between A and D, 

1,094 pounds per acre. Both of these differences were highly 

significant. Treatments C amd D had a significant difference 

of 670 po\mds per acre. A comparison of the differences of 

the four levels of moisture shows that the only signiflcamt 

difference in yield occurred between the plots receiving the 

low level of pre-planting moisture with irrigations at 20 

per cent available moisture and the other three treatments. 

The fact that there were no significant differences among 

the other three irrigation levels would seem to indicate 

that if grain sorghum gets either a heavy pre-irrigation or 

is Irrigated when 50 per cent of the available moisture has 

been used, a high yield will be obtained. Such a yield will 

compare favorably with the yield obtained when the crop re

ceives both high pre-planting and post-planting supplies of 

moisture. The low yield obtained when the level of moisture 

was low in both the pre-plamtlng amd post-planting irrigations 

indicates the Importance of having a high level of moisture 

in either the pre-planting or post-planting irrigations. 
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An analysis of variamce to check for interaction of 

the times of irrigations and for the effect of pre-plamtlng 

and post-plamtlng irrigations on yields is shown in Table V, 

TABLE V 

ANALYSIS OF VARIANCE TO CHECK FOR INTERACTION 
AND FOR THE EFFECT OF PRE-PLANTING AND POST-PLANTING 

IRRIGATIONS ON YIELDS 

Source of 
Variation 

Totals 
Replications 
Pre-planting 

Irrigations 
Post-planting 

irrigations 
Interaction 
Error 

Degree of 
Freedom 

15 
3 

1 

1 
1 
9 

Sum of 
Squares 

215.1061 
10,4891 

93.0742 

48,8950 
5.3246 
6.3692 

Mean 
Square 

74.3405 
3.4964 

93.0742** 

48.8950* 
5.3246 
6.3692 

• Indicates significance on the five per cent level. 
** Indicates significance on the one per cent level. 

There were no significant differences in yields due to inter

action. 'Die pre-plamtlng irrigations were significant at the 

1 per cent level, whereas the post-planting Irrigations were 

significant only on the 5 per cent level. The greater sig

nificance due to pre-planting irrigations would seem to in

dicate that such irrigations affect the yields more tham the 

post-planting irrigations. 
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Test Weights 

The test weights in po\mds per bushel were also very 

close for all replications of all treatments. The weights 

varied from 59.2 poimds per bushel in the first replication 

of treatment D to 60,9 pounds per bushel in the second repli

cation of treatment D. The average for treatment A was 60.2 

pounds per bushel; for treatments B and C, 6O.3 poimds per 

bushel; amd for treatment D, 60.I pounds per bushel. The 

test weights were so nearly the same that an analysis of 

variance was not determined to check for significance. 

Threshing Percentage 

The threshing percentage varied from 79 per cent in 

the fourth replication of treatment B to 82 per cent in re

plications one and two of treatment C. The average of the 

threshing percentages for the four replications in treatment 

A was 81 per cent, 8O.5 V>er cent for treatment B, 81.1 per 

cent for treatment C, and 8O.8 per cent for treatment D. 

The threshing percentages were so close for all treatments 

that no analysis of variance was made to check for a signi

ficant difference. 

Number of Un threshed Heads Per Ten Poimd Sample 

There was wide variation in the number of heads per 

ten pound saunple. In treatment D, for instance, the niomber 
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of heads in the replications varied from 78 to 118 per ten 

pound saonple with a meam of 95 heads. Replications in treat

ment A varied from 60 to 95 with an average of 70 heads per 

ten pound saimple. Another treatment which had wide variation 

between replications was treatment C, which varied from 78 

heads to IO8 heads per ten pound sample with an average of 

92 heads. Treatment D had variations between the replica

tions from 78 heads to 91 heads with a mean of 82 heads per 

ten pound sample. This wide variation was due in a large 

pau?t to an irregular stand of grain sorghum which existed in 

all treatments. As the wide variation existed in all treat

ments, the number of heads could not be correlated with the 

yields. An analysis of variance was not made to check for 

significance as there was a variation due to the Irregular 

stand. 

Growth Habits 

The entire field of grain sorghum had approximately 

the same growth habits amd characteristics until booting time 

with no major difference occurring between the plots which 

received the two different levels of pre-planting irrigation. 

The plants which received the high level of post-planting 

irrigation water booted on July 23 and headed on August 6. 

The plants which received the low level of post-planting 

irrigation water booted August 4 and headed August 22. 
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Pictures taken September 6 of the different treatments 

are shown on page 33* It should be noted that treatment A 

has the largest heads and the darkest green foliage. Treat

ment C was about the same as treatment A except that it had 

smaller heads. Treatments B and D each had dried foliage 

but treatment B had larger heads than treatment D. 

The fact that the plots which were irrigated at 20 

per cent of field capacity booted amd headed more slowly 

than the plots which received post-planting irrigations at 

50 per cent of field capacity indicates that a low level of 

moisture will retard maturity. 

The plots were harvested on October 15. 
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level of moisture be
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Treatment B - High 
level of moisture be
fore plamting and low 
level after plamting 

Treatment C - Low 
level of moisture 
before planting and 
a high level after 
planting 

Treatment D - Low 
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fore and after plant
ing 
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Consumptive Use Study 

Apparent Density Data 

As was previously stated \mder methods and procedures, 

the ohm readings taken in the field were converted to percent

age of moisture by weight. To convert percentage of moisture 

by weight to inches per foot, it was necessary to find the 

apparent density of the soil. The apparent density determin

ations are shown in Table VI. The averaige of the apparent 

densities of the one-and two-foot depths was 1.42, indicating 

that the soils at the two depths had approximately the same 

texture or compaction. The soil from the three-foot depth 

had an average apparent density of I.56 which indicated that 

it had a different texture or compaction. 

TABLE VI 

SUMMARY OF APPARENT DENSITY STUDIES ON 
SOIL USED IN THE EXPERIMENT 

Location Apparent Density Apparent Density Apparent Density 
at 1-ft. Depth at 2-ft. Depth at 3-ft. Depth 

1.69 1.62 
1.34 1.18 
1.82 1.43 

1 
2 

I 
5 
6 
7 
8 

1.39 
1.3? 
1.14 
1.60 
1.42 
1.70 
1.50 
1.92 

1.53 1.61 
1.34 1.50 
1.75 1.55 
1.54 1.55 
* 1,63 

Averages 1.42 1.42 I.56 

•The reading was dropped because it was not propor
tionate-to the other readings. 

file:///mder
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Water Use by Periods amd Total Water Use 

The apparent densities in Table VI were used to con

vert percentage of moisture by weight to Inches of water per 

foot of depth by the following formula: 

Inches of water -; per cent by v apparent y 12 
per foot of depth weight density 

These amounts were plotted on Charts 5* 6, 7* and 8, 

paiges 37* 38, 39* and 4o, A lag was noted in the response 

of block readings to moisture additions in all treatments. 

Where there was a laig, the curve was extrapolated from the 

point where the blocks showed a response to moisture addi

tions to the irrigation line. In the use of Bouyoucos blocks 

as am indicator, this laig should always be considered and 

allowamces made for it. The unmarked rises of the curves 

indicate the significant rainfall that was received during 

the experiment. The plots were too wet to check block read

ings during these periods, so the actual amo\ints received 

were plotted. In general, the drop in the curve was greater 

following the first irrigation than it was at the beginning 

of the period. This indicates a greater use of water by the 

grain sorghum after the first irrigation. The curve at the 

end of the period when the grain sorghum was ready to harvest 

also had a sharp drop. Significant rainfall of 2.78 inches 

was received at the beginning of October, so the grain sor

ghum probably had luxury consumption during this period. 
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Charts 5* 6, 7, amd 8 also show the total amounts of 

water used during the experiment. Treatment B was highest 

with 18.79 Inches of water used. Treatment A was next with 

18.36 inches of water used, while treatment C was the lowest 

with 14.72 Inches of water used. Treatment D used 16.49 

inches of water. 
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Grain Prouucbion Per Inch of Water 

The total amount of water used was correlated with 

the yield in Table VII. Treatment C utilized the water most 

efficiently by producing 313 pounds of grain per inch of 

water used. Treatment D had the least efficient utilization 

of water with 238 pounds of grain produced for each inch of 

water used. Treatment A produced 273 po\inds, and treatment 

B produced 251 pounds of grain respectively per inch of water 

used. It is noted that the treatments which were Irrigated 

at 50 per cent of field capacity after the crop was growing 

had a more efficient use of water tham plots Irrigated at 

20 per cent of field capacity. This would seem to indicate 

that a high level of moisture after the crop is growing is 

more important for efficiency than a high level of pre-

planting moisture. 

The plots which vfere irrigated at 20 per cent of field 

capacity tended toward dormancy when water tension increased 

and undoubtedly had to use part of the added water each time 

to regain normal growth again. This necessary recuperation 

by the sorghum plants reduced the efficiency in water use. 
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Consumptive Use Coefficient 

The consumptive use coefficients were determined for 

the grain sorghum by the formula U:stKF, U, which is the use, 

was obtained from Charts 5, 6, 7, amd 8. F represents the 

mean temperature and percentaige of daylight hours. This data 

was obtained from the Lubbock Weather Bureau, K, the unknown 

factor, was then calculated from these data for each treat

ment for each month. It should be noted that the totals amd 

averages of the consumptive uses are based on the entire 

months of June and October whereas the experiment did not 

cover the periods of June 1-15 and October 13-30. There was 

a wide variation in the consumptive use coefficients from 

0.26 in July in treatment D to 1.26 in October in treatment 

B, In general, larger coefficients indicate more water 

present in the soil. For instance, treatments A and C, which 

were irrigated in July, had coefficients of 0.71 and 0.57 

respectively. Treatments B amd D, which did not receive as 

much post-planting irrigation water in July, had coefficients 

of 0.43 amd 0.26. Before general recommendations cam be 

formulated for consiamptive use coefficients in irrigation 

water applications, the coefficients should be determined 

under the same conditions for several years. A more accurate 

general consumptive use coefficient could be determined by 

such an extended study. 
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CHAPTER IV 

SUMMARY AND CONCLUSIONS 

An experiment was conducted on the Agronomy Farm at 

Texas Technological College on Amarlllo fine samdy loaim to 

determine the effect of four different moisture levels on 

the production of grain sorghum. Bouyoucos blocks were used 

with a conductivity bridge to indicate the post-planting 

moisture levels. 

Plots receiving treatment A had a high level of pre-

planting moisture and were irrigated at 50 per cent of avail

able moisture during the growing season. Grain sorghum 

plants which received this treatment used 18,36 inches of 

water and yielded 5*026 pounds of grain per acre. Two hun

dred seventy-four poimds of sorghum grain were produced for 

each inch of water used. 

Although treatment A produced the highest yield, treat« 

ment C gave the most efficient utilization of water. Plots 

receiving treatment C were also irrigated at 50 per cent of 

available moisture, but received a low level of pre-planting 

moisture. Plants under this treatment produced 4,602 pounds 

of grain sorghum and used only 14.72 inches of water. Three 

hiondred twelve and six-tenths pounds of grain were produced 

per inch of water used. 

Plots receiving treatments B and D were irrigated at 

20 per cent of available moisture during the growing season. 

45 
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Plots under treatment B received a high level of pre-planting 

moisture, whereas plots under treatment D received a low 

level. Plants which received treatment B required 18.79 

Inches of water to produce 2,718 pounds of sorghum grain per 

acre. Two hundred fifty-one and one-tenth pounds of sorghum 

grain were produced per inch of water. With treatment D, 

plants required 16.49 inches of water to produce 3,932 pounds 

of grain per acre. Two hundred thirty-eight pounds of grain 

were produced per inch of water. 

Even though there was a variation between yields, 

the only significant difference that occurred was between 

treatment D amd the other three treatments. There was no 

significant difference between treatments A, B, and C, This 

would indicate that a farmer needs only to apply either a 

heavy pre-plamtlng irrigation or post-plamtlng irrigations at 

50 per cent of available moisture to obtain a yield which 

will compare favorably with yields received when high levels 

of moisture are present in both pre-plamtlng and post-

planting irrigations, 

Bouyoucos blocks are of practical value in determin

ing when to irrigate, but more research is needed to minimize 

experimental errors in relation to lag in block readings 

after irrigations before general recommendations can be made. 

Consumptive use coefficients may be of some value 

to the farmer, but the coefficients should be determined each 

year for severaOL years before general recommendations au?e made 
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