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Studies in Moisture Relationships 
and Irrigation of Vegetables 

ViCTOR N. LAMBETH 

IN TRODUCTION 

The clim ate of Missouri is regarded as humid. Nevertheless, the dis
tribution of rainfall is generally such that "drouths" of variable intensity 
occur during the growing season and many crop yields are severely limited 
by moismre deficiencies. Supplemental irrigation of vegetables under these 
conditions should be considered an essential cultural practice co "make the 
crop" in much the same way as the application of fertilizer, cultivation, or 
pest comrol. Onl y in this way can the calculated risks of moisture limita
tions in production Ix: reduced to a satisfactory level consistent with other 
cultural practices and the economics involved. This objective has been 
adequately summarized by Mitchell (37) who states: 

"The general purpose of irrigation is nO!, ~s it is in the Hid regions, (0 

supply a normal deficiency in rhe annual rainfall of the locality; it is, nther 
to insure that sufficient moisture is always available when wanred, in order 
that m:.lximum profits may be obtained from crops under inrense culriv:ollion." 

OcCAsionally as in 1952, 1953, and 1954 drouths of very serious propor-
tions occur in the so-called "humid sraces" when irrigation is absolutely 
essential to save the crop. 

Studies of precipitation patterns in a localized area which cover an 
extended period of time have been helpfUl in estimating the long-range 
needs for irrigation. But excessive seasonal and localized variations in the 
distribution of rainfall, together with inade<Juate weather forecasting pre
el udes any reasonable possibility of basing frequency and amounts for a 
specific crop on rainfall records alone. Such a guide may be insufficiently 
applicable in a humid area because the soil moisture reservoir-a function 
largely of the soil texture and extent of the plant'S functional root system
is not usually known. Earlier investigations have demonstrated the funda
mental objective in controlled irrigation is the maintenance throughout the 
season of an adequate moisture supply in the "effective rooting zone" of the 
plant. Knowledge of the reserves available in the root zone and the rate of 
depletion by the crop ~rmits a more direct and satisfactory guide as to 
"when" and "how much" to apply. This approach also provides a better 
basis for managing the moisture reserves with greatest efficiency when the 
water supply is inadequate. 
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The development of practical, npid methods for fidd measurement of 
lvailablc soil moisture has intensified investig2cions in (1) correlating crop 
response with soil moisture, (2) in determining rues of water utilization, 
:l.nd (3) in tracing relative moisture movement. To date, much of the re
S(::l. rch has been directed towud fi nding how wet to keep the soil, with 
relativdy li ttle consideration of the depth of effe<:tive rooring and how d~ 
the soil should be Wetted. Failure to consider chis roOt-soil rduionship m:l.y 
result in W1lsreful irrigation pn.crices. H eavy irrigation frequently results in 
oxygen deficiencies for roots on heavy textured soils or excessive losses of 
W1lter by deep percolation on sandy soils. On the other hlond, shallow irri82-
dons when subsoil moist ure is low, will nOt provide an ad~u:ue supply of 
water for beSt crop development of deep rooted vegetables during advanced 
stages of development. 

These investigations were conduCted for the purpose of defining more 
precisely these relat ionships in order to arrive at a bet ter basis for irrigation 
of vegetables in humid areas. 

REVIEW OF LITERATU RE 

The Objectives of Irrigat io n in Hum id Areas 

T h annual rain fall in Missouri ranges from 35 to 50 inches per year. 
In Missouri, however, as in orher humid srates, the seasonal distribution of 
rainfall becomes the critical consideration with respect to irrigat ion needs. 
Rubey (42) states that one-fourth of the 78 years between 1870 and 1947 
were very dry and often close enough together to cause an accumulation of 
crop losses. According to another survey, the average precipitation for the 
ten driest summers in 40 years for the entire state was 6 inches (54). T his 
means that for one year OUt of every four there was 6 inches or less. Since it 
is known that many long season vegetables require about 18 inches of water 
per season for maximum development, and In lverage soil mly store 5 or 6 
inches of available W:lter, it is obvious that supplementll irrigltion of veg
eublcs is required most years in Missouri. 

The practical benefits of supplemental irrigation in promoting seed ger
minarion, in reducing injuries and losses to seedlings and trlnsplants, in 
promodng the continuous growth necessary for higher qUllity products, in 
permitting double cropping, and in increlsing yie:lds life widely recognized. 
These are praCtical benefits resulting from the primuy objective of supple
mental irrigation in humid areas-that of maintaining at all times sufficietlt 
avaibble moisture for efficient produCtion. 

With the recurrent drouths oflong duration the past 4 years and the 
increased awareness of the need for wlter, the reasoning stared by Bradley 
and Pratt of New York ( 12) " Irrigate to Make a Crop , N ot to Save I t" is 
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foremost in the grower's mind. \'Ui th ste:1dily incrosing COStS of production, 
the g teuer jn vestm~ncs and th~ hi.gh fisk involved with vegetables, this 
re2soning takes on stili greater slgOi/lcance. 

F2crors Associated with Irri g2tion Req uirements 

Irrigation requirements depend upon such factO rs as climatic condi
tions, soil texture and depth, the root zones o f the plant and the topogn.phy 
of the land. Climatic factors such as temperarure, rainfall, relative humidity, 
and wind affect tc2nspirarion by plants and evaporation of water ffom the 
soil. Investigations (16 and 56) have shown that evapora tion from the soil is 
confined to the top foot, whereas extraction of moisture from lower depths 
is largely due to transpira tion losses. Since the soil reservoir makes a signifi
cant contribution to the total seasonal supply, and is so directly associated 
with tr:1nspirarionallosses by the plant, it deserves more th2n c2sua[ con
siden.tion in irrigation pr2ctice. 

T he 2moum of W2ter retained by soils at field cap2city varies considen.
bly with texture. Since chis water C2n be removed only by eV:1pon.tion from 
the surf2ce and by the plam roots, the reserve supply becomes an important 
consider2cion in determining the freguency and r2ces of application of irriga
tion W:1cer. Occasionally the water relationships of the soil, and consequent
ly the rooting ch2racceriscics of the plam, 2re modified by hard-pan layers. 
Here excessive irrigllt ion m2y cause a water-logged condition, a restricted 
rOOt system, and:1 very limited reserve moisture supply. 

There is much experimental evidence to indic:ue that in cases where no 
shallow free-wa ter table exists, the capill ary movement from moist to drier 
soil is very limited. In this respect, Bouyoucos (7) states; 

"From the sl~ndpoinJ of {he plantS, the rate of movement is more impomnl 
{h1n diS[1nce of movement. This is because the wlter reCJuirements of pilotS 
are immediate, luge and continuous. While in rime. Wlter may rise to con· 
sidenble distances in the soil. the rue of rise is tOO slow ro benefit the im· 
mediue and luge demands of [he planes for water. The condmion is, there
fore, that npillary movement of the "'atet, especially from [he deeper "-':ater 
tables. supplies little, if 1ny. water to the growing pbnes during the short 5e:\. 

son of growth. Anually, the water that is the greatcst determining factOt in 
pl:UH growth, is that which the soil is 1ble to retain from rainfall and irriga. 
tion, or the aV1il~ble opillaty water." 
The amount o f soil moisture avaibble to planes depends upon the 

2mounc of water retained at field capacity, the amount of this moisture that 
[he soi l will release to the plant roocs 2nd the soil volume tapped by the 
roots. 

H owever, more consideration should be given to methods that deter· 
mine the available soil moisture supply continuously, at different depths in 
the rOOt zone, Exposure of plant roOtS, even for a few hours, to soil that is 
at t he permanent wilting percentage may seriously reduce their absorptive 
area. 
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Moiscure Requirements of Vegetables and Wuu Loss 

The amount of m ter required to produce a given crop will vary from 
area ro area depending upon the temperature, light conditions. humidity, 
lind the amount of wind. In this conneCtion M1cGillivary (3:5) states: 

"the water requirements of different plams vary; there are also differences be. 
tween the water requirements of the same kind of plmr frowlh in different 
ciim:ltic aren, Many plants use from }50 to 600 pounds 0 water to produce: 1 
pound of de}' malter. Since these: large: amounts of wIter are supplied to the: 
plant by the soil, it is convenient to consider the soi l as a r(servoir of WUe!, 

which net-cis to be replenished pcriodinlly by rainfall or irriguion." 

W hen considering the frequency of irriguion and the derth of soil 
wetting for a crop, it is hel pful to know the approximate rare 0 water use 
for various stages of plant growth, especiall y during the critical su mml':r 
months. For example, the frequency of irrigation will depend upon the rate 
of water use by the plants and [he amount of readily available moisture [hat 
can be stored in the soil within the effective root zone of the crop. Similarly, 
the amount of water that should be applied at each irrigation depends upon 
the depth of rooting of the crop and the amounc of warer needed to Wet 

each foot of soil to its field capacity. These values mUSt be modified to take 
into account the effective preci pitation. 

Thus, Campbell in Mississippi (14 ) states that shallow rooted crops 
require 1.:5 inches of water every - aek (0 10 days; moderately deep rooted 
crops require somewhat more, 1. J co 2 inches every week or 10 days; and 
deep rOOted crops require .t. :nches for the S2 me period. 

Loss of water from the soil occurs by evaporation from the land surf.la: 
and by transpiration of the vegetative cover. This combi ned process is 
known as evapotranspiration. 

Ashcroft and Taylor (1), after a two-year study of the water needs of 
alfalh, barley, sugarbeets and Irish pOtatoes, reponed a real possibility of 
calculating water needs from weather d:ua. They scated that solar radiation 
an~ ~pen rank eva~ra~on appeared to show the greatest promise in deter
mining evaporransp,raClon rates. 

Blaney and Criddle (3) ru.sed their formula for evapotranspiration on 
the monthly temperature and monthly daytime hours. T hey 21so made use 
of a consumptive-use coefficient which was used to adjust for vegetative 
cover and stage of crop growth. 

Thornthwaite (49, 50) based his form ula on latitude and average tem
perature of the air. H e calculated th2t at R2leigh, N. c., the average daily 
eV2potranspiration for J uly was 0.21 inch. 

Penman (40) developed a for mula t hat could be used for p lants that 
completely covered the soil and were well supplied with water. The formula 
was complicated and needed weather data obtainable only in a few areas. 
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Sanderson (43), working in Canada, reported that there was a close 
agreement between measured and computed rates of evapotranspiration. His 
study showed there was lirtle difference between co mputations based on 
long term average temperatures and computations based on actual occurring 
temperatures. 

Van Bave1and Wilson (55) stated that as a result of an irrigation ex· 
periment conducted at Raleigh, N. c. , the dates of irrigation as determined 
by mercury tensiometers closely coincided with data computed from long 
term averages of evapotranspiration for which no correction was made for 
actual weather conditions. 

u.nd and Carreker (32), working in Georgia, reported the following 
ev2potranSplIatlon rates: 

Crop Da~ Awragt DaiLy Raft Dalt Maximum Daily Ratts 
Tomatoes 613-8126 .187 7/16-24 .310 
Beans 6/3-7124 .185 7/ 18-24 .320 
Com 6/1~7126 .220 .280 
Cotton 6/9·8126 .196 7/}4-24 .310 

Davis, Evans, and Hazen (21 ) made a number of observations in North 
Dakota to determine the water requirements of different crops. By the usc 
of the consumptive use coefficient, these workers found the following water 
~equirements : beans-9.62 inches ; peas· lO.98 inches ; potacoes·19.n inches 
and small truck crops 1055 inches (or the: growing season. Likewise, Houston 
(25) in Nevada found the following moisture requirements during the 
growing season: potatoes 16.65 inches; Beans 13.6 inches; onions 18.4 inches. 

Relat ionship Between Soil Moisture level 
and G rowth of Vegetables 

From the foregoing discussion, it is aprarent that the real objective 
of supplemental irtigation is to mainrain at al times a "moist" soil through. 
out the so·called "effective root zone" of the plant. However, th is termi· 
nology must be defined in terms of actual soil and plant characteristics. 

Optimu m Soil MoiSlUre 

Krimgold (30) states that the "effective root zone" is the zone contain· 
ing the ma jority of the fine roots and root hairs plus:1.O additional tributary 
zone through which moisturt: moves fast enough to kttp up with the nor· 
mal use of water by the plant. He also states that [he optimum range of soil 
moisture for rlanc growth is 50 percent of field capacity for lighter soils and 
70 percent 0 field capacity for heavier soi ls. He defines the practical opti. 
mum range as 50 perCt:nt of field capacity fo r light soils and 30 percent of 
field capacity for heavier soils. 

During 1952 and 1953, Bradley and Pratt (12) applied irrigation watt:r 
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to onions and POC2.tQes when the soil moisture dropped to ~O, nand 5 per
cent of field capacity. Another plot was set up as a control (non-irrigated). 
The moisture level was determined by plaster of paris blocks and an electri
cal moisture meter. The yield differences between these crops at SO percent 
and 2:5 percent available moisture were g reuer than the differences berwem 
the concrol (non-irrigated) plots :and those irrigated when the avaibh1e 
moisture dropped co :5 percent. From these results Bradley points out the 
value of timely irrigation (starr ing when about half the available soil mois
ture has been uS«!) over the "emergency" type of irrigation. 

Bowers. Benedict and Watts (9) irrigated All Gold sweet pOt2t~ 
when the moisture level fdl to 50 p=rcem 2nd 20 p=rcem of 2v2i12ble mois· 
ture. Other plots were unirrigued. I n this study, the best results were ob
t2ined when 1 inch ofirriguion w2ter W2S :applied when the soil h2d 50 p=r· 
cent :avail2hle moisture. 

Bloodworth, M:axwell , Ross 2nd Cowley (4) conducted experimencs 
with letruce when the moisrure levd dropped to 75, 50, :and 25 p=rcent :avail· 
:able moisture. The high moisture level produced more lenuce by weight, 
:although the percent:age of m:arkruble heads w:as lower th:an in the mediwn 
:and low moisture level ,plots. The p=rCent2ge of cull he:ads :and their weight 
did not change to :I. great extent :among the moisture levels. They concluded 
that lettuce should be grown under conditions of medium to high soil mois
ture le,·ds. 

Lan:a and Peterson (31) reported that the highest SW~t potll. tO yield on 
a coarse sand in Iowa w:as obtained whe n the 2vailable soil moisture was 
kept 2t 2bout 50 percent and :a three to four day irrigation schedule was fol· 
lowed. MacG illivC2Y (36), working with c2ntaloupes on a decp 10:l.m soil 
that W'-S wetted to 6 fefi before plan ting, teported th2t there w:as :a signifi. 
C2nt increase in yields when 2dditional water W'-S 2pplied during t he grow. 
ing season. H owever, there W2S no signific2nt difference in yields between 
eight irrigation tre2tmentS which c2nged from 2.8 to 17.8 inches of warer. 
He concluded thu there W2S a wide t2nge over which w2ter could be applied 
to a pl2nt without either injuring or benditing it. H e further stated that 
maximum yidds could be obtained from cantaloupes with properly spaced 
irrigations totaling 6 to 10 inches of water. 

Taylor (46) fo und the greatest yield of Irish potatoes was obtained at 
0.4 uffiosphere of soil moisture tension. Wadleigh (60) Hued that al· 
though soil moisture tension was about 0.1 atmosphere at field capacity and 
increased to about 15 atmospheres at the wilting point, soil moisture ten· 
sian did not exceed 1 atmosphere in most soils until 50 (0 n percent of the 
available W2ter was removed. As soil water was decre:ased, stresses resulting 
from increased concentration of salts in the soil solution were likely co be 
incre2sed much more rapidly than stresses from physical forces. Thus, in 
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saline soils, plants might suffer from the water being unavailable even 
though the soil appeared to be quite moist. 

Root Growt h and Depth of Rootiog 

Root growth in a perme2ble soil is dependent on several factors: sugars, 
hormones, and other constituents which are received from the shoot; water, 
minerals and oxygen which are obtained from the soil. 

Below field capacity, capillary movement of water in a soil is so slow 
(2,7) that the rootS must continually be "searching" for water co supply the 
planc's moisture requirement. Shantz (45) observed that roots cou ld not ex
tend into dry soil. He found thac elongation ce2sed bur (he roOtS remained 
turgid. Hunter and Kelley (27) and Volk (59) demonstrated thar roots of 
corn planes were capable of penetrating several centimeters into dry soil that 
was below the wilting point when pan of their roots were in moist soil. ~ 
roars extended slowly on a common front and nised the moisture content 
of the soil into which they penetrated. 

Weaver 2nd his co-workers (61-62) concluded from their investigations 
thn ch2nges in the brer:.!1 spre2d of roars, depth of penetr2tion 2nd branch
ing 2re correlated with ch2nges in the water content of the soiL They found 
thn the root system could be varied by the application of water. Conrad 
and Veihmeyer (16) concluded from their studies t hat if the soil was wee 
deeply to the maximum extention of t he rOOt system early in the season, 
then irrigation during the summer had little influence on the extent or dis
tribution of the roots. Furthermore, planes could not be made to keep their 
roOtS in the up~r byers of soil if those at lower depths had an available 
supply of water and if no other adverse conditions (or root development 
were present in the lower strata. 

Veihmeyer and Hendrickson (58) reported that a compacted soil of a 
volume weight of 1.46 for some days and l.n for sands would nOt allow 
roots to penetrate even though air and water were adequace. 

Crist and Weaver (19) found that crops grown in soil of high fercility 
had roots that were shorrer, more br:lnched and more compact than those in 
similar but less fertile soil. Jean and Weaver (29) working on a fi ne sandy 
loam in Colondo conduded that crops with the most extensive root sYStems 
pve the greatest yield. There was a dose correlation between the growth 
of underground and aerial plam parts. They believe root development often 
explains the reason for differences in crop yields that are otherwise obscure. 

MacGillivray ()6) found that cantaloupes in a deep perme2ble soi l with 
a moisture coment of field capacity to a depth of 6 feet, rooted to 6 fw 
whether they were ircipted or unirrigated. Other California studies showed 
that sweet pot2toes rooted to 6 feet or beyond. 

Corey and Blake (18) found that tomatoes extended their roots to 48 
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inches within eight weeks in 2 102my sand and 36 inches in a loam, both of 
which ~re perme2ble soils. 

We2ver and Bruner (63 ), working in a deep silt loam in Nebrash, 
found that romuo plants grown from seed developed t:l.proots which pen
etrated 22 inches imo the soil within three weeks. Tr2nsplanted tomatoes 
reached a depth of 2 feet within one momh, 4 feet at tWO months, and 5 
to 6 feet at maturity with a lateral spread of some 6 feet. The same invest
igators found that cantaloupes at Norman, Okla., rooted to 2 4-foO( depth 
a.t maturity on July 24 , but thar the bulk of the roots were in the tOp foot. 
Sweet potatO plants rooted to 17 inches within 23 days, 41 inches a month 
I:Her, 2nd 69 inches by Ocro~r 3. The "potatoes' were found in the surf2Ce 
6 to 9 inches of soil. 

D ep t h to I rrigate 

The two guides to follow in dctcrmining how deep to wet the soil are 
the depth of tooting of the crop and the physica.l propcnies of the soil. They 
must ~ considered together in fo rmul2ting an irrigation plan. The inherent 
rooting habits and the structure of the soi ! determine the depth to which 
a plant will root in a moist soil. It has been stated (33) that the ideal soil 
for root growth coma.ins 50 percent solids and 50 percent pore space, with 
the pote Sp2CC c<jua1!y divided berwecn water and air. Such a soil would 
allow for the escape of carbon dioxide and for the entrance of oxygen. To 
make this possible, there must be some luge pores containing continuous 
2ir columns from the root zone to the soil surface. 

The oxygen supply is fre<juently a limiting factor for root growth. 
Boymon and Remhcr (11) working with fruit trees, found that the oxygen 
concentration in a sandy loam soil stayed at 20 percent oxygen at a depth 
of 3 feet, while in a heavy soil during the wet winter months, the oxygen 
concentration W2S near 1 percent. Trees did poorly on the heavy soil and 
while there were a few rootS at this depth they were not long lived. Osbmp 
2nd Batjer (39) reported that rhe temporary depletion of oxygen during 
periods of high moisture resulted in de2th of apple tree roots. Boynton (to) 
reported that although old apple roots would rem2in alive or even grow 
slowly at oxygen concentrations between 5 to 10 percent, levels of 10 to 1:) 
percent were needed for the initiation of new roots. D evill ier! (23) noted 
that apple [ree seedlings grew poorly when oxygen was decre2scd below 10 
percent. 

The supply of oxygen to roots may be depleted by filling soil with 
irrig2tion W2ter, such as would occur if a permeable soil was underlain by 
2 hudpan or a day-pan. Cannon (1:» found tbat raising the water-table 
even temporarily caus(:d death of {he deeper roots of so me plant species. 
When the absorbing area of the root system had been reduced by lack of 
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oxygen, the shoot adjusted itself by shedding some of its leaves and fruits, 
thereby reducing its transpiring area. Howard (26) found that the amount of 
shedding was often in direct proportion to the degree of injury ro the root 
system. 

Veihmeyer and Hendrickson (57) stated that an important objective 
in irrigating was to wet the soil only to the maximum depth to which the 
roOtS of a particular plam could be expected to penetrate. If no more water 
was applied until the available water in the soil was nearly exhausted, these 
roots would obtain sufficient oxygen to extend to theif maximum depth. 
Root systems wete most extensive in their tests when the moisture content 
approached a critical maximum from time to time bur the soil was never 
water-logged. 

Krimgold (30) suggested that irrigation ptactices in humid regions 
should take into consideration the "effective root zone." He maintained 
that the effective roOt zone would not be deeper [han 3 feet for most veg
etable crops and deeper irrigation would be unrealistic since 70 percent of 
the roots and 90 percent of the root hairs for most crops are found in the 
upper 18 to 20 inches. 

Use of Instruments in D etermining Soil Moist ure 

The most commonly used instruments at this time for determining soil 
moisture and the time [Q irrigate arc tensiometets and gypsum moisture 
blocks. 

Tensiometers have been found useful (48) for indicating the need for 
irrigation at tensions of less than 0.85 atmosphere. In many soils, 0.85 
atmosphere indicates that 40 to 90 percent of the available moisture has been 
depleted. When the moisture content of a soil is to be kept high, the ten
siometer is of most practical value. Several workers have reponed difficulty 
in making tensiomerers work satisfactorily. 

Gypsum moisture blocks have been found to have a low sensitivity in 
the upper moisture range of less than one atmosphere, but better accuracy 
at higher tensions (48). Ashcroft and Taylor (1) found that while there was 
a variation within gypsum blocks that reduced accuracy below field samp
ling, variability of blocks was not as great as rhe variation in location. Also, 
since block data were much faster ro rake than direct soil sampling data, the 
number of samples could be increased thus reducing [he location variability. 

Bouyoucos (8) stated in regard to the theory of the Bouyoucos alternat
ing current impedance meter and gypsum blocks, that when the blocks were 
firmly in contact with the soil, they, for all practical purposes, became a pan 
of the soil and their moisture content tended ro stay in equilibrium with 
their environment. The electrical resistance of the blocks varies wirh their 
moisture content. The meter measures soil water directly in the range 
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from field capacity to the wilting poine, or from 0.3 atmosphere (Q 20 atmo
spheres of pressure. Furthermore, according co the free energy concept, soils 
ae any given electrical resistance level hold their water with the same force 
or tensio n. As a result, at a gi yen resistance a sandy soil is JUSt as wet as a 
clay soil and the percent:l.ge moisture for each can be read directly from the 
scale on the merer. Therefore, the meu:r 2nd blocks could be used on any 
soil eype without lif$[ a.libr:tting the instrument to the soiL 

In regard ro excess Slllts in the soil, Bouyoucos (6) found salt etrec~ 
were more pronounced in the higher moisture levels and were negligible :1.[ 
lower levels. At readings below 85 to 95 in he3.vier soils and 60 to 75 in 
s:l.ncis, exa:ss saltS ce:ased to be :an import:ant f:actor. Around 2(X)() ppm s:alrs 
were nOt a problem. 

MATERIALS AN D M ET H O D S 

The irrigation experiments were conducted:at the Veget:able Field Sea
cion of the University of Missouri :ac Campbell , Mo., during the :abnorm:ally 
dry ye:ars of 1951-1954. 

Q imaric Characteristics o f the Sou theast Lowl:and Area 

The following information has ~n condensed J:a rgely from " Climatic 
Summary o f the ,United Stues," Section 55 -Southeastern Missouri by the 
U.S.D.A. Weather Bure2u (52). 

The Southe2st Missouri lowland area comprises less than 1/ 12 of the 
:are:a o f the st":ol.te. r r h:as the highest annual rainfall of any part of the st":ol.te. 
D rouths are experienced occasionally. Serious drouths during the principal 
crop growing season occurred about eight times in the 61 year period, 1870-
1930. T he drourhs of 1901 and 1930 were prob:ably the mOSt severe. Preeip
it:arion is most frequent in the spring :and e:arly summer, when it occurs on 
:about 11 days a monch on the :avenge, and it is lcut frequent in September 
:and October, when it occurs on :about 8 d:ays:a month. 

T he summers :are long and usually h:ave several periods of high tem
peruure, more often than not tOuching 100" F. or higher on one or more 
loc:ations at stations of lower elevation. On a normal day in July, the tern
perature r:ange is from:a minimum of :about 70" F. to a maximum of about 
92" F. 

W eather Data D u r ing Experime nts 

A United Srares Weather Bure2u st:and:ard r2in gauge and a self-record
ing hydrothermogr2ph were p1:aced neu the growing crops to rne2sure r2in
f:all, temper:ature, :and humidity. This was considered essenti:al bec:ausc: of 
high local variation. 
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Soil Characteristics 

The soil on ll:hich rhese investigations .... :('re conducrC'd was a Linmni2 
fin(' s:mdy loam. Accordi ng to the V.S. D.A. "Soil Survey of Dunklin Coun
ry" (51), this soil as typically devdopcd is a brown fine sandy loam or loamy 
fine sand underlain ae about 15 to 30 inches by light.brown line sandy loam 
or heavy fine sandy loam. Frequently, ae about 30 inches, yellowish.brown 
heavy lin(' sandy loam to fin(' sandy clay is f('ached . Within :I. f('w inches, 
this passes into yellowish.brown. rather plastic, silty clay containing a small 
quantity of fine sand. 

The t('xtural and moisture characteristics of this soil as determined for 
different soil depths and locations are reported in the Results. 

Determination of Available Soil Moisture 

Because of the numerous determinations required and the necessity 
of reducing the local variabilities in sa mpling, it was desirable to employ 
gypsum moisture blocks and an electrical resistance meter. For the in iti21 
work the Bouyoucos equipment (Fig. 1) was used as it gives the percen~ 
available moisture directly on most soils. For the last year's work (19H) 
the Delmhorst Moisture Detector and gypsu m blocks were used and the 
meter readings calibrated against the available moisture as dercrmin('d by 
difference in weight by oven drying. 

Figure 1. Bouyoucos Equipment 
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EXPERIMENTAL PROCEDURES AN D RESULTS 

Evaluation of Irrigation Treatments 
Based on Preceding Rainfall ( 195 1) 

In the initial stages ofthe investigation, it was desirable to determine 
more specifically the normal seasonal precipitation pattern of the area and 
to evaluate several irrigation treatments based upon previous rainfall for 
best crop response and irrigation efficiency. 

Experiment Plan 
Eight plots lOOfeet long and 100 feet in width were layed out in a 

randomized arrangement to provide the following i[[igadon treatments: 
Plot I: 1.5 inches each week minus the effective rainfall in the 

previous week. 
Plot II: 0.5 inches when the previous week's rainfall was between 

0.5 and 1.0 inches, and 1.0 inches when the previous week's 
rainfall was below 0.5 inches. 

Plot III: 2.0 inches each two weeks minus irrigation and effective 
rainfall during the previous two weeks. 

Plot IV: 
Plot V: 

Non-irripted (check plot). 
1.0 inches each week minus effeCtive ninfall in the previous 
week. 

Plot VI: The balance of the amount of water required to bring the 
major part of the root zone to Field Capacity. 

Plot VII: 3.0 inches each three weeks minus i[(iption and effective 
rainfall during the three previous weeks. 

Plot VIII: 1.0 inches whenever the available soil moisture dropped to 
50% of field capacity as determined by gypsum soil blocks. 

The available soil moisture was determined daily by the method of 
Bouyoucos (5) employing an electrical resistance meter and gypsum soil 
blocks. Triplicate sets of blocks were buried in each plot at depths of 6, 12, 
18,24, and 30 inches in the row. As a check, periodic determinations by 
difference in weight by oven drying were also made. 

Top Crop bush beans, Flagship sweet corn, and Cubit cucumbers were 
planted in each treatment plot on J une 6. All cultural operations except 
irrigation were consistent for all plots. Periodic harvests were made accord
ing to the demands of the crops and the products were graded to market 
standards. 

Weather and Irrigation 
The maximum temperatute on most days ranged between the 80's and 

low 90's and the minimums between the 50's and low 60's. Neither the 
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temperature nor che humidity was sufficiencly high or low to be critical or 
to produce any noticeable detrimental effects on the plants. 

Table 1 indicates that the precipitation for both J une and July was 
above average. 

TABLE I - - RAINFALL IN 1UNE, J ULY, AND AUGUST, 1951 AND AMO UNTS 
RECEIVED BY THE CROPS IN THOSE MONTHS 

s. Corn 
Seasonal '0' 

There were, however, five dry periods during the 1951 season of suf-
fici ent duration to significantly affect crop growth: 

May 20-June 2 ..... ......... ............ 14 days 
J une 9-)une 18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 days 
J uly 10-July 22 . . . . . . . . . . . . . . . . . . . . . 13 days 
July 28-August 9 . . . . . . . . . . .. . . . . . . 13 days 
August ll-August 31 . . . . . . . . . . . . 21 days 
Since the three crops w!':r!': planted on June 6 and harvested hefor!': 

August 15 the only "drouths" that could hav!': affected them mat!':rially were 

TABLE 2 --

JLlne 20 
J o,me 27 0.' 0.' 0.' 0.< 
J 'lly 4 
July 11 
July 16 '.0 
luly 18 L5 LO 0. ' LO LO 
luly 25 
August 1 0.' 0.' 0 .. U 
August ~ LO 
August 8 L' LO U LO L5 
irrigation fo r 

snap beans ... L' 0. ' 0.0 L5 U 0.0 '.0 
irr igation for 

cucumbers and 
sweet corn ... 3.0 L8 0.0 , .. .., 0.0 '.0 

irrigation and 
rainfall for snap 
beans 17.3 16.4 15.3 14.9 16.4 16.3 14.9 15 .9 

irr igation and 
rainfall for 
cucumbers and 
sweet corn 21.2 19 .4 18.2 16.4 19 .3 20.6 16.4 18.4 
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the July 10 ro July 22 period for the snap beans and the periods July 10 to 
J uly 22 and July 28 to August 9 for the cucumbers and sweet corn. 

The moisture determinations showed the available soil moisture drop
ped ro approximately the permanent wilting percentage for all three crops 
during the July 10 to July 22 dry period and for che cucumbers and sweet 
corn during the July 22 to August 9 dry period. The critically low moisture 
supply was also confirmed by the plant symptoms-rolling of the sweer 
corn leaves, and drooping of cucumber and sunflower leaves. 

Table 2 gives irrigation dares and amounts for the various treatments 
and the toral amount of water received by each plot through irrigation and 
rainfall. 

Results and Discussion 

Green Beans (Top Crop) 
As shown in Table 3, the treatments giving highest yields were I, II, 

VI and VIII which received from 1 to 1.S inches of water during the July 
10 to July 22 dry period. The available moiscure in the unirrigated ploc was 
very low for this period. Treatmem I II , although receiving 0.4 inch of 
irrigation water on July 18, gave a smaller increase in yield. Apparemly, this 
application was insufficient to replenish the moisture in the root zone. 

Ploes IV and VII which were not irrigated, resulted in the lowest yields 
and rhe beans were delayed in maturity approximately 3 days. The low 
yield of Plot VII indicates tOO much risk in timing irrigations on the previ
ous 3 weeks' precipitation. Based on this guide, Plot VII received no irriga
tion. Treatment Plot V was discarded because of water· logging. 

The percentage marketable yield by weight was close under the various 
treatments. No significant effect of irrigation on the market quality of the 
pods was indicated. On the orher hand, the great increases in the number 
of pods per plam indicate a very definite effect of irrigation on pod set. This 
confirms previous findings of other investigators. 

Sweet Corn ( Flagship) 
As with the green beans, Treatments J, II , VI and VIII resulted in the 

largest yields of marketable ears. Again, these were the plots thac received 
the most total irrigation water (2.0-4.8 inches) and received some of it 
through the dry po::riods of July 10 to July 22 and July 28 to Aug. 9 T ro::at
ment Plots IV and VII which did not receive irrigation during these periods, 
and Treatment III which recdvo::d only 1.8 inches, produced vo::ry low yields. 
Treatment III did not receive sufficient water onJuly 18 and did not re
ceive any during the July 28 to August 9 dry period. 

As shown in Table 4, irrigation affected plant height, number of ears 
per stalk, average sizo:: of ears, and percentage of marketable ears. This con
firms the findings of other investigators (34,44). 



Application (Inches) 2A 1.5 OA 0.0 1.4 0.0 1.0 
Average Number of Pods 
Per Plant 8.68 9.30 6.84 5.74 8.80 5.85 8.83 

% Increase 51.3 62.1 19.2 53.3 1.92 53.7 
Average Weight of 
Plant (lb.) 0.194 0.220 0.178 0.1 53 0.226 0.158 0.223 
Average Marketable Yield 
Per Plant (lb.) 0.058 0.062 0.045 0.034 0.058 0.035 0.060 
A",erage Non-Marketable 
Yield Per Plant (lb.) 

Total (lb.) 
% Marketable Yield by 
Weight 62.4 63.5 63.7 59.4 60.5 58 .7 63.0 
% Increase in Marketable 
Yield 70.5 82.9 31.6 70. 5 2.0 76.2 
% Increase in Total 
Yield 62.2 71.1 22.6 67.3 2.1 66 .0 
Market Yield in 
Ib./acre 2320 2480 1800 1360 2320 1400 2400 

-~ 
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Cubit Cucumbers 
As with the sweet corn and green beans, Treatments I , II, VI, and VIII 

gave the best yields, although those of Treatments I and VI were considera
bly lower than II and VIII. (S~ Table :5.) T hese treatments also gave a 
higher percentage marketable yield than treatments IV and VII which re
ceived no irrigation water. The unmarketable fruit in the unirrigated plots 
included a high percentage of nubbins. 

Est£mates of Consumprive Use _ 
The method used in determining the consumptive use of the different 

crops under the climatic and soil conditions of these experiments was devel-
oped by Blaney and Criddle (3). . 

In Missouri, as in other humid regions of the country, litrle work has 
been done to determine water requirements of various crops. It was thus 
necessaty to assume a consumptive-use coefficient for the purpose of these 
experiments. A preliminary estimation was then made of the consumptive 
use of the snap beans, sweet corn, and cucumbers during these experiments. 
T his method of estimation of the consumptive use is shown in Tables 6 
and 7. 

As a check, another approximation of the consumptive-use needs of 
the three crops was made from Fig. 2 which shows the moisture level in the 
soil, rainfall, and irrigation for Plot VIII. This pIer was irrigaeed 1 inch 
whenever the soil moisture meter read around :50 percent available moisture. 
T he soil moisture curve gives the total amOunt of moisture ( in inches of 
depth) for the top 15 inches of soil as determined by periodical soil sampl
mg. 

Fifteen inches of this soil at field capacity contained approximately 3 
inches of total water. Since most of the roots were confined within a depth 
of 1:5 to 18 inches, any water beyond chat required to wet to field capacity 
the top 1:5 inches of soil was considered excessive (lOSt through runoff and 
d~p percolation). In addition, all precipitation below 0.2:5 inches was con
sidered ineffective and thus discarded. The precipitation during June 29 and 
30 was also discarded since that on June 28 was sufficient to replenish the 
soil moisture (bring it up to field capacity). The consumptive use estimated 
by this method compared favorably with that obtained by the Blaney and 
Criddle method (Tables 6 and 7) . The following gives the estimated con
sumptive use of the three crops by analysis of rainfall, irrigation , and soil 
moisture for Plot VIII : 

Snap Beans: 
7.5 inches for a growing season of7 weeks. 

Cucumbers: 
9.7 inches for a growing season of 9 weeks. 



~ 

TEMPERATURES AND PRECIPITATION AND CALCULATED CONSUMPTIVE-USE 
-- - - - - . - ---LL, MISSOURI {LATITI 

Jan. 
Feb. 43 .6 6.83 2.98 3.18 
Mar . 50.4 8.33 4 .18 5.53 
Apr. 59.7 8.87 5.30 4.31 
May 68.0 9.85 6.69 4.34 
June 74.0 9.88 7.31 4.09 5.85 3.26 5.85 3.26 5.85 3.26 
July 79.4 10.03 7.94 4.26 7.94 4.26 7.94 4.26 7.94 4.26 
Aug. 76.8 9.'1.3 7.23 4.80 3.61 2.40 3.61 2.40 
Sept. 71.5 B.37 5.98 4.53 
Oot. 60.2 7.82 4.72 3.11 

46.9 6.89 3.23 3.53 
38.3 



TABLE 7 -- ESTIMATION OF CONSU MPTIV E USE AND IRRIGATION REQUIREMENT FOR BEANS, SWEET CORN AND 
lOURI, AREA. 

F 

tive-Use Irri-
Con sump
the-Usc 

Coelfi- gation Irrigation 

Growing 
Crop Season 

Be-iu ii> -------- June 6-Juiy- rr 
Sweet Corn June 6-Aug. 15 
Cucumbers June 6-Al!K. 15 

u .. kf " mon thly consumptive use 

Factor 
(F) 

13.79 
17.40 
17.40 

k .. monthly consumptive use coefficient 

cient Consump- ef- r equire-
(Assumed) tive- Use fici eney ment 

(K) (U) U-I{ (E) (1) 
0.65 8.9 5 1.43 80% 1.80 
0.75 13.00 3.08 75% 4.11 
0.65 11.30 2.38 75% 3.18 

f • monthly consumptive as factor = t x P • mean monthly temperature x monthly percent of daytime hour s 
U = KF" consumptive use of growing o r ir riga tion season 
K " Empirical consumptive use coeffiCient dete r m ined experimentally (in above table assumed. Needs veri fica tion by 

r esearch or by further· analysts of existing temperature, humidi ty , evaporallon, and Inflltration data befor e being 
accepted for genera l use). 

F " sum of monthly consumptive use factors, (f), for the g rOWi ng or irrigation season 
R '" s um of monthly precipitation for growIng or Irrigation season 
I " U I{ = Irrigation requirement a t head of field , 

" 

~ -
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Sweet Corn: 
11.2 inches for a growing season of 9 weeks. 

Planning Irrigation Practice on the Basis oJRainJal! Data 
The consumptive use estimates suggest that each of the crops need 

about 1 inch of watet per week (eit her from rainfall or irrigation). How
ever, during the carly spring, the water utilization by crops is not great be
Douse the plants are small, the temperature is low, and the length of day is 
short. It would therefore be safer to apply during this pcriod 0.5 inch of 
water whenever the previous week's effective rainfall is less than 0.5 inch. 
In the latter pan of summer and early part of fall, however, water require
ments of crops are higher and the incidence of rains below 0.5 inch is greatcr, 
as seen in Table 8. Late in the season it would be safe to apply 1 inch of 

TABLE 8 -- THE INCIDENCE (P ERCENT BY FOUR WEEK INTERVALS) 
OF VARIABLE PRECIPITATION AT FOUR SOUTHEAST 

MISSOURI STATIONS· 
Week5 PreCipitation (Inches) 

(Mar. 1 Lm Less 

" than 0.25 _ 0.50- ,"" 
Seet. 12) 0.05 0.49 0.99 1.00 

First Four 26.4 15.0 24.6 66.0 
Second Four 30.4 13.7 18.5 62.6 
Third Four 33.0 11.0 19.6 63.6 
Fourth Four 37.4 15.1 15.8 68.3 
Fifth Four 47.5 14.4 16.5 78.4 
Sixth Four 49.7 11.8 14.4 75.9 

More 
'ho, 
'.00 
31.2 
37.2 
36.4 
31.6 
21.7 
24.2 

separately for nch PreCipitation 
below 0.25 Inches was conSidered Ineffective. The figures In the were derived from 
data proVided by W. L. Decker, Climatologist at the University of MissourI. 

water whenever rainfall during the previous week is less than 0.5 and 0.5 
inch when the.rainfall is between 0.5 and 1.0 inch. 

In humid areas, there is always the possibility of excessive water due to 
irrigation followed by rainfall. To examine the possibility of such a condi
tion, Table 9 was derived from Table 8. An accumulation in twO weeks of 
morc than 2.5 inches of water from irrigation and rainfall was considered 
excesslVC. 

Table 9 applies particularly to Treatment II where 1.0 inch of water 
was applied when~vcr the rainfall in the previous week was below 0.5 inch 
and 0.5 inch whenever the rainfall was between 0.5 and 1.0 inch. Since Treat· 
ment II in this experiment showed very favorable resulrs, an examination of 
the probability of exccssive water received by the crops due to the accumu
lated effect of irrigation and rainfall would be helpful. 

In a of Table 9, wh~re rainfall in the week preccding irrigation is in
effective (below 0.25 inch), there is a 20 to 35 percem probability of hav-
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OF EXCESSIVE SOIL MOIST URE RESULTING FROM 

1., 
1.0 Inches 

- 0.5 ).0 
in. 

than 
) 

~) 
1.0· 1.5 Inches 

tllan 0.50 
0.25 in. 

ing morc than 1 inch of rainfall in the following week. making a toral of 
more than 2.0 inches received by (he crop in (he 2 weeks ( thc week preced
ing and chat following irrigation). The incidence of excessive water during 
rhe 2 weeks (more than 2.5 inches) would evidently be less. In b. where ef
fective rainfall during the week prior to irrigation is below 1.0 inches, the 
percent probability of 2.0 to 2.5 inches of accumulated water during the 2 
weeks is 15 to 20. The probability for morc than 2.5 inches is 20 to 35 per
cent. This probability, as can be seen in Table 8. is highest in April and May 
and lowest from mid-June ro mid-St:ptember. If the crops are planted in 
March, May, or early J une, the probability of excessive water is lessened 
during: this period by applying 0.5 inch of water only when the rainfall 
in the week prior ro irrigation is less than 0.5 inch. 

From these experimems, it was found that a dry period of more than 10 
days could affect crop yield appreciably on Limonia tine sandy loam. There
fore, any irrigation practice based on rainfall data of the 2 or 3 previous 
weeks is nor advisable since the crop may not receive effective rainfall for 
more than 10 days. In addition, any praceice based on the application of 
more warer at lesser frequency than in Treatment II, would increase the risk 
of ex~essive water. This was the case with Plots III and VII during these 
expenments. 

Effects of Prolonged Dry Periods 011 Differellt SInges of Plal1t Growth 

Plantings of Top Crop green beans and Cubit cucumbers were made 
at weekly intervals and continued into a relat ively long dry period during 
which each stage of plant growth was represented. After the dry period, all 
the plamings were irrigated sufficiently by furrow irrigation until maturiry. 
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Table 10 shows that lowest yields of be2ns were produced by the ~th, 

6th, and 7th plantings which were blooming :lnd setting most during the 
dry period, July 10 to J uly 22. It (hus seems that the time of blooming, ferti
lization, :lnd setting is (he m.gc most affected by a prolonged dry period. 
Other factors such as high temperature, wind vel ocity and low rebtive hu
midity have been found ro C'2use an increase in blossom drop :lnd thus affect 
[he yield ofbcans (47). The fact that the percent marketability did not vary 
appreciably among these pbntings suggests that once (he plant has set, a 
deficiency of soil moisture for shon periods does not affect the marketability 
of the pods. However, no conclusion can be drawn on the effect of longer 
dry periods. 

Similarly, in the case of cucumbers, (he time of blooming, fertilization 
and setting seems to be the stage most sensitive to deficiency of soil mois
ture. Undoubtedly, as with the beans, most, if not all, other suges were af
fected in some way and ro a certain degree by a prolonged dry period. Un
like the beans, however, the percent marketabili ty of the cucumbers was 
also appreciably affected by a prolonged deficiency of soil moisrure as evi
denced by a decrease of neady 2~ percent in the most seriously affected plant
ings. This reduction in percent marketability was largely accounted for by 
an increase in percentage of fruit showing constrictions. 

TABLE 10 ·- A COM PARiSON OF THE EFFECT OF A PROLOt-;'GED DRY PERIOD 
ON DIFFERENT STAGES OF PLANT GROWTH 

Total Market 
Age in Yield. Yield. 'I 

Bun Weeks on Harvest Per Plant Per Plant Market 

, 
3 

• S 

s • , 
• , 

" " Aug_ e 
Aug. 13 
Aug. 20 
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Evaluation of Soil Resen'oir MoiSture \V hen Irrigating 
Deep-Rooted Vegenbles ( 1952) 

The investigations in 1951 suggested the desirability of evaluating the 
available moisture held in rhe soil reservoir when considering the amount 
:lnd frequenc y of irriguion for deep-tooced vegetables. In chis series, one 
treatment was included in which the available moisture was maintained 
above 45 percent of field capacity to:l depth of 12 inches. 

Replicated and randomized plots 40 fett by 50 feet were ser up to pro
vide v:lr!able irrigation treatments as follows: 

A. Control, unirrigaced. 
B. Applied 1 inch of wacer when rhe available soil moiSture was de

pleted to 45 percent of field capacity lIS determined by the Bouyou
cos method. 

e Applied approximately I inch of water per week - 0.5 inch when 
previous week's rainfall was 0.5-1.0 inch, 1.0 inch when previous 
wee:k's r:linfall W:l.S 0.0-0.5 inch_ 

D. Applied 1.5 inches of water per week (Ill.! inches -effective rain
hll). 

The gypsum moisture blocks were placed at the 6-inch and 12-inch 
depths in the row at two random locations in each treatment block. Read
ings were raken every ocher day and the average of the four blocks was used 
as a representative of the available moisrure in the rOOt zone. Any daily pre
cipiution below 0.25 inches was considered ineffective and was disreg:l.rded 
in the determination of irrigation requirements. 

Top Crop gretn be2.ns and Cubit cucumbers were seeded on April 16, 
and Unit I Porco Rico sweet potatOes were transpi:lnted on May 15. The 
period of harvest for the green beans ~ June 18 to August 6; for the cu
cumbers, J une 2, to July ,0; for the sweet potaroes, September 26. All creat
ment plots "t>,,·ere irrigated on May 15 and again on June 10. After that date, 
water was applied according to treatments. 

Weather Conditions 

The growing season was characterized by a drouth of unusual dur:Hion 
:lnd intensity. Alrhol.!gh rhe rotal rainfall fot the growing period was 9 
inches che distribution was such thar only approximately 1 inch of effective 
precipitation fell in the period M:ly 25 (0 July 22 during which time the 
beans and cucumbers We(e flowering and fruiting heavily. The deficiency of 
soil moisture was also accompanied by very low atmospheric humidity, 
dessicating winds, and high temperatures. 

Results and Discussion 

Table 11 shows (he effecrs of different amountS and frequenCies of irriga
cion on yields. 



TABLE tt -- YIELD RESPONSE OF TOP CROP BEANS, CUI3IT CUCUMBERS, AND UNIT I PORTO RICO SWBET POTATOES 
TO VARIABLE lRR1GATION-,---~~MPDELL. MO.~ 1952 

'.0 

'.0 
'.0 

'.0 

1.0 

1.0 

seed and secure good ptant stand of a ll three crops. 

5.96 

5.96 

5.96 

5.96 

9. 19 

9.19 

2 ,149 

1,882 

Marketable Yleldii 

16,503 

16,950 

462 

'" 

!OJ 
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By far rh<= most strilcing response shown by these data is between the 
irrigated versus unirrigated treatments. It should be noted that in ccear
rnents B aod C, which received equivalent amounts of water but at different 
times, [he yields did not differ significandy. The application of 11,7 inches 
per week for a seasonal total 0£9.5 inches, however, was mOSt effective, ap
parently because it maintained a favorable moisture level co a greater soil 
depth. 

The block readings indicated that the 1 inch per week treatment was 
not sufficient to maintain the available moisture above the 45 percent level 
in the upper 12 inches during extended periods of drouth. Even in the case 
of rh(': deeper-rooted crops (cucumbers and sweet potatoes) where the deple
tion in this zone may not be as rapid due co the larger soil reservoir, it would 
appear that applicat ions of llh inches per week or more are necessary on 
light soils such as Lintonia fine sandy loam during prolonged drouths and 
advanced stages of development. 

This suggeStS futther that benet results might have been obtained with 
applications based upon the 45 percent moisture level had irrigation amounts 
been applied to maintain a favorable moisture level to greater soil depths. 

Optimum Range of Soil Moisture for Irish Potatoes, 
Tomatoes, Sweet Potatoes (1953 ) 

A study was made during the summer of 1953 to determine the opti
mum range of soil moisture for the production of three importan t vegetable 
crops- Irish potatoes, tomacoes, and sweet potatoes. Since t his required 
frequent measurements of the available soil moisture throughout the season, 
it also permitted an estimate of the daily water use at different stages of plant 
development and under variable weather and soil conditions. 

Experiment Plan 

Treatment plots 50 feet by 200 feet were established to provide four 
irrigation treatmentS as follows: 

Unirrigated 
Available moisture maintained above 25 percent of field capacity (F.e.) 
Available moisture maintained above 50 percent of field capacity (F.e.) 
Available moisture maintained above 75 percent of field cap~city (F.e.) 
Plaster of Paris moisture blocks ( Bouyoucos) wete placed at 6,12,24, 

and 36-inch depthS in the rows. D u plicate sets of blocks were established 
in each treatment plot and readings of the moisture were made three times 
weekly. The blocks at the 12-inch depth were used as the "guide" until 
August 7 at which time it was evident that large masses of fibrous roots had 
reached the 24-inch depth and were depleting the subsoil moisture. T he 
blocks at the 24-inch depth were then used as the "guide" for the remainder 
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of the season. When the available moisture by meter reading dropped to 
the minimum prescribed by the treatment, sufficient irrigation water was 
applied to bring the soil moisture to field capacity w the depth of the 
"guide" block. 

Certified Rutgers tomato plants were transplanted on May 25 using a 
4}[ 3 foot spacing and periodic harvests made on approximately 250 plants 
in each treatment. Unit I Porto Rico plants were transplanted on May 15 
using a 3.5 x 1 foot spacing. The tOOtS were harvested on Ocwber 16 and 
yields of graded roOtS taken for six replications. Certified Northern-grown 
Red Pontiac Irish potatoes were planted on February 28 using a 3 x 1 foot 
spacing and weights of graded tubers taken on June 30. All crops received 
the recommended cultural treatment which was consistent among all irriga
tion plots. 

Estimate of Average Daiil Water Use 
for Different Periods oj Plant Development 

The available moisture, expressed as a percentage of field capacity 
averaged for a depth of 3 feet , was calculated at the beginning and the end 
of different periods of the plant's development. Care was exercised in 
choosing intervals of several days duration in which the moisture was slowly 
being depleted. The percentage differences (averaged) multiplied by 5.7 
(inches of available moisture for this volume of soil at F.e.) gave a fairly 
reliable estimare of the wtal moisture used during a given period. Dividing 
by the number of days involved gave the approximate daily use of water. 

Weather Conditions 

The total rainfall from June 8 uneil September 11 was 3.96 inches. There 
were five periods of a week or longei during which no rain fell: 

Date Length dry period (days) 
June 8-22 16 
J une 26-July 3 7 
July 8-16 8 
July 20-Aug. 18 29 
Aug. 22-Sept. 11 20 

The ccmperacuse was unusuall y high in Jun e and July. For example, 
there were nine days in J une when the temperature was above 100° F. The 
average temperature for June was 80.40 F. This is only 0.4° less than the 
record high farJune, established in 1952 (54, 22, 53). These unusually high 
day and night temperatures were unfavorable for the setting of wrnaco 
flowe-s and best development of Irish potato tubers. 

The tomato yields according to irrigation treatment are given in Table 
12. The dates and amounts of water applied, the rainfall and the moisture 
levels at various depths in the rOOt zone are shown graphically in Figure 3. 
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TABLE 12 __ EFFECT OF MOISTURE LEVELS MAWTAINED BY IRRIGATION 
ON YIELD OF RUTGERS TO~IATOES, CAMPBE LL, MO. , 1953 . 

25'l>o! F. C. 
SQ%ofF.C. 
75%ofF. C. 

moisture ~:~~~: 
3.5 
3.0 

12.5 
3.96 
3.96 

11 .6 
12.0 
15.0 

La 
>.9 
>' 9 

• Increase 
over 

265.6 
275.0 
368,7 

As indicaeed by {he 75 percent treatment, the tomatoes responded favor
ably to very h_e~vy irrigation. While this may have been the result of the fre
quent applications maimaining a higher relative humidity and favoring bet
ter set it also stimulated heavier vine growth and abundant flowering lace 
in the season. 

Molenaar and Vincent (38) found chat 20 inches of water produced 
larger fruits than 11 inches of water bue the smaller number of fruits contrib
uted to a lower yield per acre. The poorer set may have been due to an over
vegetative condition brought about by heavy irrigation on a nitrogen-rich 
soil sinc~ it _has been. established t~ar high nitrates stimulate rank growth 
at the expense of ininal flower setting. However, Corden (17) found that 
light irrigations were detrimental to fruit set. Thus, it appears that either 
extreme in moisture supply may interfere with proper flower set. 

In this study, maintenance of the available soil moisture above 50 per
cem of field capacity was necessary for favorable vegetative reproductive 
balance. Since no actual flower counts were made, further investigation is 
needed to confirm the effect of moisture level on flower SCt . 

As shown by the moisture curves, the available moisture in the roOt 
zone (to a depth of 3 feet) in the unirrigared plot was almost depleted by 
the last of July and the precipitation in August and the first part of Sep
te mber was insufficient to replace it. 

Variation in the moisture level in the upper 2 feet followed the rainfall 
and irrigadon applications closely, especially in the 75 and 50 percem treat
mems. Fluctuations were more violent in the 25 percent treatment due to 
the smaller moisture reservoir. It should be nared that where the moisture 
was maintained-above 50 percent to a depth of 2 feet, the moisture at greater 
depths was never depleted to a poim where root damage from drying would 
occur. 

The amount of water used by the plam increased with vegetative 
growth and rapid developmem of the fruit (Table 13). Considerable daily 
variation occurred, toO, dependent upon the rate of transpiration as affected 
by day temperatures and relative humidity of the air. T he moisture level of 
the soil affected the rate of water'use of the plant since more water was used 
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at the higher moisture levels than at the lower moisture levels. This was 
probably due to a higher loss from evaporation as well as a higher transpira
tion loss. Considering an average water use of 0.166 inch per day for the 
season, more than 1 inch per week was necessary to maintain the moisture 
reservoir. This is also shown by dividing the tOtal water received (irrigation 
plus rainfall) by the duration (weeks ) of the experiment. 

TABLE 13 - - ESTIMATED DAILY WATER ''''T PERIODS OF 

0.159 
0.319 0.1430 
0.1175 0.0734 
0.2465 0.196 
0.376 
0.2115 
0.242 
0.222 Average/day 0.160 Average /cay 0.115 

Avenge number of inches of water used per day (all plots) .. 0.166 In. 

Porto Rico Sweet Potatoes 

Table 14 shows that 6.5 inches of irrigation water increased the yield 
of sweet POtatoes from 201 bushels co 280 bushels per acre -a 39 percent 
increase. Eight inches of irrigation water increased the yield 213 bushels per 
acre or 106 percent and 11.5 inches of irrigation water increased the yield 
226 bushels per acre or 112 percent. 

TABLE 14 · - EFFECT OF MOISTURE LEVELS MAINTAINED BY mRIGATION 
ON YIELD OF PORTO RICO SWEET POTATOES AT VEGETABLE 

EXPERIMENTAL FIELD, CAMPBELL, MO., 1953. 

Total 

Available moisture mainta ined above 
25% F. C. 6.5 3.96 151.9 
50% F. C. 8.0 3.96 240.0 
75% F. C. 11.5 3.96 226.0 

128.5 
174 .3 
201. 7 

280.4 
414.3 
427.7 

Increase 

39 .43 
106.01 
112 .68 

Since there was no significant difference in total yield between the 75 
and 50 percent treatmentS and a slightly lower percentage of No.1 rOOtS in 
the 75 percent treacment there was no advantage in maintaining a moisrute 
level above 50 percent in the "effective roOt zone". Bowers, Benedict, and 
Watts (9) also obtained bettet results at SO chan ac 20 percent. Thus it ap-
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pears irrigation should start when the moisture drops to :l.bout 50 percent. 
Although no su.tement W1lS made as to (he depth of block pbcement in 
thei r work, the 1 inch application W1lS problbly insufficient to wet the full 
depth of the root system. 

The roots in the" percent tre:ltmenc were stringy (long, narrow) , ap
parently due ro lin over-veget:l.tive condition of the vines. 

The moisture EOdings graphically illustrated in Fig. 4 indicate the. levels 
of aVlilable moisture at variable depths throughout the season for each it
riguion tre2tment. The moisture in the unirrigated plot was almost deple~ 
to a depth of3 feet by the laSt of July, and rhe r;1infall in August lnd the 
first put of &ptember was insufficient to replace it. 

As indicated in Table 1~, the sweet potatoes showed generally about the 
sa me trends in daily water use as t he tOmatoes, although the daily average 
on all plots w~ 0.024 inch less for the sweet potatoes. There w~ also less 
variatinn in daily use bc:rwttn tre2tmen(S. 

~~~1,,';F3JOR DIFFERENT 

0.14~ 

Red Pontiac I rish Potatoes 

Because of the limited. duration of drouth before maturity of the Irish 
potatoes the effects of irrigation were not as apparent as for the long·term 
CtOpS (Table 16). 

One inch of irrigation water increased the yield 29 bushels per acre (25 
percent rre2tment). T he additional 1.~ inches of irrigation water added to 

TABLE 18·- EFFECT OF MOISTURE LEVELS MAINTAINED BY IRRIGATION 
ON 'fIELD OF IRISH POTATOES, VEGETABLE EXPERIMENTAL FIELD, 

T<>~I 
ll' rlpUon 

Watn 

CAMPBELL, MO., 1953. 

T<>~I 

Available molst\lre ma intained above 
25$ 1.0 0.88 128.2 
5[1$ 2.5 0.88 178.2 
n% 3.0 0.88 176.0 

28.11 
38.8 
4 1.8 

I SU 
216.8 
217.6 

• In~ reue 

over 
Control ..... 

23.50 
70.44 
11 .07 
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the 50 percent plot increas~ the yield an additional 59 bushels per acre but 
furthe r application of 1.5 inches of water (75 percent plot) was not benefi
cial. 

Although, as suggested by Hazen (24), the greatest need for w .. ter is 
when tuber growth is rapid, these results indicate late irrigations are .. Iso 
somewhat ben~ficial. Where a relatively constant moisture supply was mm
Dined, there was link cl1lcking and second growth. 

The shallow·rOOt~ness of the pol1ltO plam ~ readily shown by a com
parison of the moisture curves at the four depths. The greatest fluctuations 
in moisture occurred at the 6-inch depth with very little change beyond the 
12-inch depth. It is likely that the hard plow-sole layer confined most of the 
roots to the upper 6 to 8 inches. 

As with the sweet potatoes there w .. s no advantage in maint.aining the 
moisture in the principal rooc zone above 50 percent of field capacity. 

Response of Deep R ooted Vegetables to 
Depth of W etting (1954) 

A study was conducted during the summer of 1954 to determine the 
relationship of depth of soil wetting and response of cwo deep rooted vege
C2.bles-swCCt potatoes and cantaloupes. Ie W2S also desirable to establish the 
approximate fate of water ust by these crops at different stages in their de
velopment and at different soil moisture levels. This information, together 
with knowl~ge of the texture and moisture properties of the Lintonia soil 
was necessary ro determine the amounts and frequency of application for 
beSt irrigation effiCiency. 

The eleCtrical method of soil moisture measurement employing the use 
of gypsum soil blocks provided a satisfacrory means of tracing moisture 
changes in the root zone, the depth of wetting, and race of moisture deple
tion. Inasmuch 2$ the Dclmhorsr moisture dec«tor docs not read the per
cent2ge available moisrure directly on all soils, the metef readings were caJi
bl1lted against the moiSture percentages as determined by oven drying. 

Experiment Plan 
The moisture blocks Were buried in rhe roar zone, one each, at 1 foot, 

2.foor, and 3-fooc depthS, three repliC2tions of blocks to each plot. 
The irrigation tre .. tments were: 
Unirrigat~. 
AV2ilable Moisrure maintained above 40 percent of Fe. -

-to depch of 1-2 feer. 
-to depth of2-3 feet. 
- to depth of 3-4 feet . 
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When the averaged readings of the moisture blocks at a given depth 
indicau=d the moisture was 40 percent of field capacity, sufficient water was 
applied to wet the soil co that depth. 

Purdue 44 cantaloupes were planted on April 15. The first irrigation 
was on July 7 and the last on August 8. The harvest period extended from 
July 31 to August 8. 

Porro Rico and B4570 sweet potatoes were transplanted on May Sand 
all treatments immediately irrigated to reduce losses in stand. The next ir· 
rigation (to irrigated plots only) was on J une 30. Irrigation was discontin
ued on September 3. The B4570 variety was harvested on September 17 and 
the POrtO Rico variety on Occober 10. The roots were graded according to 
the U. S. Standard grades. 

M oisture Block Calibration 

A representative sample of soil was taken from the sweet potato plot 
at depths of 0-1 foot, 1-2 feet, 2-2M feet and 2¥1 -3Y.! feet, The soil from each 
zone was partially dried, sifted through an eight-mesh saeen and thorough
ly mixed, Bouyoucos and D elmhorsc moisrure blocks were then embedded 
in soil from each zone and the meter readings over the entire moisture range 
plotted against the moisture percentage as determined by oven drying. 

Three differenc techniques were used (13), two of which involved grow
ing plants. 

Field Capacity, Volume Weight, and Density Determinations 

The soil characteristics were determined for both disturbed and undis
turbed samples from the soil profile to compare their values. Standard lab
oratory techniques were used. 

E vapotran5piration 

Evapotranspiration, the amount of water evaporated from the soil and 
transpired by the planes during the season, was determined by two methods. 

Method I 
The first method entailed selecting periods from the soil moisture 

curves for the cantaloupes and sweet potatoes when the moisture blocks at 
the 1, 2 and 3-foot zones indicated t he soil was below field capacity and on 
the drying cycle. Then by converting block readings to percentage moisrure, 
the cotal inches of water used from the beginning of a period to the end of 
that period could be determined. T he periods were short since they were 
sandwiched in between irrigations or rainfalL 

Method II 
Longer periods of time were selected for che second method. Evapouan-
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spir:ltion [;ltes were determined by the following formula as described by 
Land and Carraker (3 2) : 

A-CB C+(D+E)-F 

G 
Where A = evapotranspiration rate in inches ptt day 

B = available soil moisture in inches at the beginning of the period 
C = available soil moisture in inches at the end of the period 
o = inches of runfall during the perioo 
E = inches of irrigation during the period 
F = inches of runoff during the period 
G = number of days in the period 

In both methodS it was assumed that the 12 inches of soil above a mois
ture block was at the same moisture percentage as that which the block in
dicated. No provision was made for the moisture tnnspired from below 3 
feet. 

Weather for the 1954 SeMon 

The summer of 19H was the honest and the driest in Southeast Mis
souri since accurate weather records have been taken. 

The severity of the drouth is apparent in the rainfall data, Table 17. No 
rain fell in June, only:a sm:allamount in July, and not until August 20 was 
there an effeCtive rain. 

'"" .. , 
My 31 
Allg. 3 
Alii. 11 
Alii. 14 
Allg. 16 
A.g. 18 
Sept. 3 

.33 
2.14 
.n 

2.40 
Total T.1J 

TABLE 18 - - FOR THE 

2.43 
3.25 

2.03 
2.71 

2.03 
1.35 1.35 1.35 

Total "" In< TiN 
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During the: period J une 18 to Sepccmtx:r 16. there were only 11 days 
when the maximum d:ti ly temperature fell to 90° F, or below 2nd then for 
not mo~ than twO consecutive days. 

The duc:s of irrigation and amounts of water applied at each irriguion 
are shown in Table IS. 

Six irrigations were applied at an average interval of 13 days. One ie· 
cigulan could probably have been eliminated if it had been known that the 
rain on August 20 was to occur. 

Results 
(;Q1'1'tlation Btlwttn Delmhorst Mtttr Reading! and A I'ailable Moisturt 

The percent2ge of available soil moisture, which is indicated by Delm
horse meter re2dings, is shown in Figure::; for each of the soil depths studied. 

100 

90 

80 

" 

30 

20 

10 

o 
o 10 20 

01.12 1 Soil 
12~-241 SOil 
24' -33 ~ Soil 
33 a -42 ' Soil 

30 40 50 60 70 80 
PERCENT MOISTURE 

90 100 

Figure 5 -. Correlation between Delmhorst meter readings and the perc ent 
age of available mOisture in Lintonla fine sandy loam soil. 
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Ddmhorst mctcr readings below 75 approximnely indicatc th~ percent
age: of available water in the soil. The heavi~st soil. at 33 to 42 inches, most 
closely approximates this tr~nd , and the 0 to 12-inch soil shows the mOSt 
deviation from it. As a result, iT follows that The Delmhorst meter readings 
were good enough for a practical irrigation study on this soil type without 
a calibration study being made. 

The data in Figu r.: 5 were used in the determin:i.tion of the evapotran
spiration rates reported for the cantaloupes and SWeet potatoes. 
Soil Textllre and Moist!!" CharacteJ7jlio 

Table 19 gives the: soil separates as determined bv the beaker method 
and classified according to tbe Soil Conservation Sen 'icc standards (28). 

TABLE 19 -- OF 

84.9 13.7 l.4 Loa.my Sand 
12 in. 63.0 30.7 .., Sandy Loam 
18 tn. 63.5 29.5 7.0 Sandy Loam 
24 in. 63.4 30.5 '.1 Sandy Loam 
30 in. 60.6 31.9 7.5 Sandy Loam 
'6 in. 19.6 .... 16.0 Slit Loam 
Disturbed soli sam21es 

0-12 In. 79.1 18.5 2.' Sandy Loam 
12- 24 In. 63.' 31.0 5.2 Sandy Loam 
24-33 In. 56.8 34.4 ••• Sandy Loam 
33-42 In. 37.6 48.S 13.9 !m.m 

Sand was determined as particles larger than 0.06 mm., silt between 
0.06 to O.(X)2 mm., and day less than 0.002 mm. The data for [rye undisturb
ed soi l samples indicate that the surface 6 inches of the soil is of a more 
sandy nature than th~ remainder of the profile. The 12 to 3D-inch portion 
is similar in texture throughout its depth. At 36 inches, considerable clay 
and silt are encountered. This silt layer evidendy is thin as the disturbed 
soil samples at 33 to 42 inches are classified as a loam. Iron concretions and 
grey mottlings were encountered at about 33 inches. This extended through 
the maximum depth sampled. 

As will ~ noted later, these textural characteristics can be associated 
with t he aeration and water relationships. and likely affected the rOOt de· 
velopment. 

Soil and waeer data on Linronia fine sandy loam are presented in Table 
20. These figures show that ae field capacity, there was only 9.08 percent of 
air space at the 36-inch depth. This indicat~s a wat~rlogged soil condition 
in which rOOt growth may be inhibited (20). 

Table 21 shows the relationship between field capacity, wilting percent
age, and moistur~ block readings. 



TABLE 20 -- DATA OBTAINED FROM SOIL SAMPLES TAKEN FROM LlNTONIA FINE SANDY LOAM, CAMPBELL, MISSOURI 
Water, % 

SoU Hygroscopic Volume W. P . F. C. Solids, % by Volume Air Space 
DeEth Moisture % Denslt:i Weight % b:i wt. % b:i wt. b:i Volume at F . C. % atF.C. 

Undisturbed soil samples 
6 In. .2840 2.6346 1.51 3.51 8.39 57 .31 12.61 30.02 

12 in. .471 5 2.6243 U8 4.87 11.02 60.21 17.41 22.38 
18 In. .4976 2.6346 1.42 4.98 11.15 53.90 15.83 30.27 
24 in. .5609 2.6362 1.44 6.38 12 .8& 54.62 18.50 26 .88 
30 In. .7931 2.6301 1.48 8.83 15.16 56 .12 23.32 20.56 
36 In. 2.1 620 2.6024 1.38 18 .20 21.46 53 .03 37.89 9.08 
OI.sturbed soil samp:1es 
0-12 In. 2.6295 1.58 3.81 8.91 60.09 14.08 25.83 

12-24 In. 2.6311 1.52 5.61 12.05 51.76 18.32 23.92 
24-33 IIi. 2.6334 1.47 7.59 14.18 55.82 20.84 23 .34 
33-42 in. 2.6166 1.21 13.94 22.16 46.24 26.82 26.94 
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TABLE 21 -- FIELD CA PACITY BY TWO 
METER READINGS AT EACH 

formed) 
readings 100 
readings .. 

FIeld Capacity 11.44 
(Soil columns) 
BouyoucoS block readings 80 
Delmhorst block readings " Wilting Points 3.81 
Bouyoucos block readings 0 
Delmhorst block r eadl ng:s , 

95 
83 
11.64 

75 
75 

5.67 
0 
1 

43 

100 100 .. .. 
14.15 22.63 

87 95 
80 85 

7.59 13.94 
0 0 
1 1 

The field capacities by the cwo methods were practically rhe same except 
for the rop foot of soil. The 8.91 percent value is believed to be more nearly 
correct rhan 11.44 percent since a study of the soil separates in Table 17 
reveals that a greater percentage of sand and a lesser percentage of silt and 
clay are contained in the upper foot of soil, compared to that in the second 
foot. Field capacities for the undisturbed soil samples in Table 18 at the 
same deprh also more closely agr~ with 8.91 percent. Therefore, the values 
obtained by drying soil in fronc of a fan were used in preference to the soil 
columns for the calculations. 

From these val ues o.lcularions were made to determine the inches of 
available water contained in the tOp 3 feet of the profile (Table 22). 

TABLE 22 - - ' 

"'" 
1-2 ft. 
2-3 ft. 

1.11 

FIELD CAPACITY AS 
LOCATION IN A 

The values are similar for both the disturbed and undisturbed soil sam· 
pies. The avaihble water per foot slighdy increased with soil depth. The 
values for the undisturbed soil samples were used in calculating the water 
relationships. 

&s~nst of B-4570 and Port() Rico Swett Potatoes to Depth of Irrigation: 
The sweet potato yields as related to irrigation treatments are shown 

in Table 23. 
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TABLE 23 -- YIELD OF SWEET POTATOES WHEN 

14.6 
11.0 
11.4 
II.S 

29.13 
39.21 
43.24 
43.65 

20.7 
11.1 
11.9 
12.0 

VARYING 

141.01 
352..24 
362.41 
363.79 

By fa r the gre2test respon~ shown by bOth sweet potam varieties was 
by irrigated versus non·irrig:ued ploes. There was no significant difference in 
yidd of grlldcd Porco Rico rOOts with depd) of weeting beyond 2 feet. With 
the 84570 vuiccy, however, yields decreased with deeper wetting. This ap
parent difference in response W2S attributed to irreguhc distribution of ir
rigation water and to unfavorable soil tex ture characteristics at approxi
mately the 3-foot depth. 

The 84570 plots were adjacent co the sprinkler l:nenls and receive<! 
morc W2tcr which penetrated to a gre:uer soil depth. Furthermore, on 
August 20, 2.14 inches of precipituion was received shortly after the plots 
were irrigated. The block readings in the B4'70 plot of the 2 to 3 and 3 to 
4·foot treatments indicated the soil profile was saturated to or above field 
opaciry to a depth of 3 feet until harvest on September 17. 

Analysis of the data on texture indicated a very h igh silt and clay per· 
cencage and a low ai r space percentage (9.08) below 36 inches. The iron 
concretions and grey mordings in this area also were evidence of low oxygen 
supply. It is suggested, therefore, that the lowered yield with the heavier 
irrigation rues was due to low oxygen supply to the roots. The Porto Rico 
v:uiety receiving less water and having more time to reduce the moisture 
content by reason of later maturity, was able to size its rootS under more 
favorable circumstances. 

It is apparent from these results there was no advantage in maincaining 
the available moisture above 40 percent of field capacity to a depth greater 
than 2 feet, although roOts penetrated to depths of 6 feet or more. Before 
irrigating deeper it should be established th2t subsoil conditions are favor· 
able for good drainage and adequue aention. 

EJtimaltJ of Daiiy Warer UH by Sweet PotattJtJ 
The amount of water utilized from the irrigation, rainfall , and soil 

rc:servoir sources and the averaged daily use for the growing season are sum· 
marized in Table 24. 



TABI,.E 24 --SO' 

8 _4570 
(6/ 19 -9/15) 
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BY SWEET 

.152 

.184 

.184 

" 

The Porro Rico vuiety showed 2 smaller average daily warer consump
tion than the B·4570 v2riety, possibly due to itS longer growing period in 
the cooler days of September and October. The B-4570 variety had sized its 
roots in the houer days of August and early September. lliily consumpcion 
of the unirrigated plot was not calculated because water use from below} 
feet was nOt known. 

Moisture curves for the unirtigated plot are shown in Figure 6. These 
curves dramatically picture the extent of the summer drouth and the r:apidi ry 
with which the avai lable moisture in the top } fee t of che soil profile was 
exhausted. 

Figure 6. Soil mOisture curves for the unlrrigated sweet potato plot . 
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Table 25 shows the daily water use for short periods as determined by 
Method I and Table 26 chat for longer periods as determined by Method II. 
TABLE ZS -- DAILY OF WATER BY SWEET POTATOES 

J ... ly 
July 
AIlg.7-13 
Aug. 28-Sept. 2 
Sept . 9-15 

1;~~iE~iiJO~F:;W~A~TER (INCHES) BY SWEET POTATOES 
' I INCLUOED BOTH RAINFALL AND 

June 29-July 10 
J uly 10-July 20 
July 20-Ju1y 30 
July 30-Aug. 13 
Aug. 13-Sept. 2 
Sept. 2-Sept. 15 

Average .181 

.141 

.111 

.122 

.176 

A comparison of these tables reveals a difference in average daily water 
use of 0.035 inch. Since Table 25 covers periods when the soil moisture at 
a depth of 3 feet was below field capacity and on the drying cycle, it is logical 
chac evapotranspiration rates would be less than chose in Table 24 which 
included periods of irrigation and rainfall when soil water was held with 
less tension. 

The period of greatest water consumption occurred during the month 
of J uly when temperatures were high, days long, humidity low, and the 
plants were developing rapidly. Outing this period, applications of approxi
mately 2 inches every 10 days were necessary to supply the water needs in 
the plot giving the beSt yield. 

Response oj Purdue 44 Cantaloupes to Various Depth! oj Irrigation 
The dates and amount of irrigacion water applied in the various treat

ments are ,2;iven in Table 27. 

Do" 
July 7 
July 19 
July 31 
Aug. 5 
Aug. 17 
Aug. 19 
Sept. 8 

Total 

TABLE 27 •• DATE AND AMOUNT OF IRRIGATION FOR THE 
CANTALOUPE PLOTS 

Water (inches) ~u Indicated P lot 
[·2 ft. 2· It. 
1.74 1.14 
1.71 2.79 
1.45 

2.66 

1045 1.04 
1.45 1.45 
'rn" !rn" 

3·4 (t . 
1. 74 
1.71 
2.79 

3.29 

1.45 
TIm" 
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Five irrigations were applied ar an average interval of 12 days in July 
when the flowers were setting and melons were sizing. One irrigation could 
have been eliminated ifir had ~n known it would nin on August 20. The 
melons in the 1 to 2-foor plot could have been produced with irrigations 
totaling 6.35 inches. 

The [Oral yield for irrigated melons was approximately double thar of 
the unirrigated· (Table 28), but within irrigation treatments, yields were 

TABLE 28 ·· THE E FFECTS OF IRRIGATION TREATMENTS ON CANTALOUPE 

not signifiC2ntly different. The plot wetted above 40 percenc of field C2paO()' 
to a depth of 1 to 2 feet, produced slightly more melons but the melons were 
smaller than those produced by [he two deeper irrigation treatmencs. The 
unirrigated plot matured several melons a few days before the irrigated plors. 

Determi nations of the soluble solids content of the melons, taken on 
r:tndom samples 2t the full slip stage, indicated lowered solids content as 
the depth of irrigation was increased. This apparent association was not 
definitely established, however, because of the difficulty of maintaining the 
same degree of maturity in the samples teseed. 

EstimaltS of Daily Wattr USt by Canla/oupts 

The soil moisture readings in the root zone for the various irrigation 
treatments indicated that the 2.14-inch rainfall on Augusr 20, coming short
ly ~.fter irrigating , wet the soil profile co the }-foot depth, but apparentl}' 
had little effect on cantaloupe }'ields as the peak production had al ready 
passed. 

The amount of water utilized from the various sources is sum marized 
in Table 29. 

TABLE 29·· SOURCES OF WATER AND THE AVERAGE DAILY CONSUMPTION 

The average daily water use increased as the depth of irrigation was 
inCCl':2sed. 
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T2blc= 30 givc=s thc= daily W2tc=r usc= for short pc=riods as dc=tc=rminc=d by 
Mc=thod I 2nd Tablc= 31 givc=s rh2t for longc=r pc=riods as dc=tc=rminai by Mc=th
od II. 

9-11 .2Z4 .234 
14-11 .268 
21-30 .182 
28_Aug. 4 .'" , 21_29 .152 
6-16 .139 

Alii. 12_18 .186 
Aug. 26 -Sepl. . 3 .084 
Sept. 2-8 .'" 

TABLE 31 -- DAILY CO~""SUMPTIO:-.' OF WATER (INCHES) BY CANTALOUPES 
CALCULATED FOR PERIODS OF TIME THAT INCLUDED BOTH RAINFALL 

.192 

.2 15 

•• .161 

." . 132 .174 

" ., .. , . 101 .131 .245 ." 
The values for daily consumption arc= scattered bt:causc= thc=rc= were few 

pc:riods when the profile was below field npacity 2t a 3-foot depth 2nd on 
th~ drying cycle. 

A comparison of Table 30 2nd Tabl~ 31 shows 2 simii2r trend. Evapo
cranspif2tion rares w~re the highest during July when th~ melons were 
sizing rapidly and vin~ growth was vigorous. D uring August wh~n vifi(: 
growth h2d slowed 2nd fewer frui t were bdng produced, daily r2teS w~re 
r~duced. 
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SUMMARY AND CONCLUSIONS 

The experimental evidence appears t6 support an earlier contendon 
that supplemental irrigation of vegetables in Missouri and most "humid" 
states is an essential cultural practice for consistently profitable production. 
Only in a relatively few cases would the yield and quality obtained without 
irrigation in these tests have proven profitable on a highly competitive mar
ket. Even during years of average or above average rainfall, such as 1951, 
irrigation proved profitable on vegetables maturing in late summer and fall. 

Weather records for the southeastern Missouri lowland area coverin~ a 
period of 20 years indicate drouths of long duration and serious proportions 
can generally be expeCted in lout of 4 years. However, in these srudies, 
dry periods as short as 13 days were shown to have an adverse affect upon 
the yields of shallow rooted vegetables, especially those flowering and fruit
ing during periods of high water utilization. 

Precipitation in the lowland area of southeastern Missouri was shown 
[Q be heaviest and most frequent during the spring and early summer 
monchs and lightest and least fre<J:uenc in September and October. There
fore, there is a greater frequency of"drouths" during the laner stages of 
plant development when the rate of water utilization is greatest and the 
reserves of soil moisture are the lowest. 

Guides as to "when" and "how much" irription water to apply based 
upon previous precipitation of the season did not prove entirely satisfactory. 
D uring the early pare of the growing season when the soil reserves were 
high, the crop reguirement low, and effective rains frequent, there was 
danger of over-irrigating. For this reason, the usual recommendation of 
applying 1 inch of water when the preceding week's rainfall did not total 
1 inch, was modified to that of applying 0.5 inch when the previous week's 
rainfall was between 0.5 and 1.0 inch and 1 inch whenever it was below 
0.5 inch. But these data also show that with this practice an accumulation 
in 2 weeks of more than 2.5 inches of water by rainfall and irrigation (an 
excessive amount early in the season) can be expeCted in about 20 to 35 
percent of the weeks. This incidence is higher in April, May and J une, be
cause of higher average precipitation. 

During the laner part of the season, under conditions of high tempera
Nre, low humidity, and advanced stages of plant development, the I inch 
per week application was inadequate to maintain a favorable soil moisture 
supply within the roO(ing zone during periods of extended drouth. At this 
time, 1.5 inches per week proved more satisfactory. 

The risk of over-irrigating early in the season and under-irrigating late 
in the season from applications based upon the previous 2 to 3 weeks rainfall 
was found co be much coo great. In these experiments, basing the amoum 
and frequency of application upon the moisture available in the principal 
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rooting woe of the soil profile proved co be a morc direct and satisfactory 
guide. 

Previous studies of the soil moisture-plant relationship where the ir
rigation applications were made according to the judgment of the grower 
indicated a high percenrage were made "tOO late" and "tOO light." Studies of 
soil moisture availability and movement in the rooting zone suggests why 
this is frequendy the case. The rate of water depletion at critical periods of 
soil supply and plant development is generally much greater than expected 
with the result that plam development is affected before the grower is aware 
of the need of irrigation water. For example, under conditions of high mois
ture utilization as during the months of July and August, the reserves of 
available moisture in Limonia fine sandy loam may drop from a favorable 
level of 40 percent of field capacity to a point near the permanent wilting 
percentage within a period of 3 days. The soil moisture approach to irriga. 
tion-since it takes into account the soil's reserve, the plant's ability to 
forage, and the rate of depletion under existing crop and weather conditions 
-also contributes to more effici ent budgeting of water by deCreaSing the 
tendency to over-irrigate during the early part of the season when the rain
fall is heavier and the crop's requirement lower. 

The electrical resistance methods of moisture measurement used in 
this study proved to be simple, quick, and praCtical for collecting informa
tion that has bee:n difficult or impractical to obtain. By averaging the read· 
ings of several moisture blocks, randomly placed within the root zone with
in a uniform soil area, it was possible to determine the percentage of availa
ble moisture with enough accuracy to permie it to be used as a guide for 
irrigation applications. However it was found that the block readings indi
cated the moisture only within areas in dose proximity to the blocks; there
fore it seemed advisable co use 3 co S sets ofbJocks at each depth for repre
sentative sampling. 

Since periodic readings could be made quickly without disturbing the 
soil or plant root system after the initial installation, chis method was par
ticularly valuable in studying relative moisture movement, as well as in 
charting moisture changes after rainfall or irrigation. By placing the blocks at 
different depths in the rooting zone, it was possible to estimate dosely the 
size of the moisture reservoir and calculate when moisture would limit the 
proper functioning of the plant. Estimates of the approximate depth and 
extent of rooting could also be made as the season advanced. 

The importance of recognizing soil properties, particularly texture, for 
proper irrigation practice was demonstrated on several occasions. Considera
ble variation in texture and moisture properties was found with location 
and depth in Linconia fine sandy loam. On an averaged basis, the soil was 
found toconrain approximately 1.9 inches of available water per fooc of 
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depth. The presence of a thin but compact silt and day layer at the 36-inch 
depth slowed the percolation of moisrure to greater depths and reduced the 
air space at field capacity at this level to 9 percent. This suggested that re
duced yields of sweet potatoes under heavy irrigation treatment may have 
been due to an oxygen deficiency for the roots. 

Alrhough sweet potatoes and several other vegetable species were found 
to root to depths of 6 feet or more in this soil, there was no advantage in 
wecring the soil to depths greater than 2 feet. Deeper irrigations increased 
the likelihood of water-logging due to heavy rains following irrigation. This 
resulted in reduced yields when it occurred during "fruiting" stages of plant 
development. Furthermore, the saving of 2 co 4 inches of water could be 
important when the supply of irrigation warer is restricted m where pump
ing costS are high. With the soil profile at field capacity at the stare of the 
season, and the moisture maintained above 40 percent of field capacity in 
the upper 2 feet, the subsoil moisture at greater depths was not depleted to 
a critical level even during the extended drouths of 1953 and 1954. 

The responses of some vegetables to irrigation was limited by high 
summer temperatures. Thus the proper sizing ofIrish potato tubers in June 
and the flower set of tomatoes in July and August were suppressed by high 
temperatures. Vegetables directly seeded in June,J uly and August were 
found to reguire freguent light applications to maintain a moist condition 
in the upper 2 inches and to prevent excessive losses from drying by high 
transpiration rates. 

Data on tomatoes suggeSt the value of maincaining rhe available mois
ture well above 25 percent of field capacity in the upper 12 to 15 inches of 
the rooting zone. A favorable n.':sponse to the higher moisture levels was 
apparendy associated with the effect of higher humidity favoring better fruit 
set, as well as increasing the fruit size. Daily water use by tomatoes reached 
the maximum of 0.376 inch. At this rate the available moisture in the root
ing zone on Lintonia fine sandy loam would be depleted from field capacity 
to the 50 percenc level in approximately 8 days. These dara suggest irriga
tion to supplement rainfall and provide a good weccing at transplanting 
time, I-inch applications at approximately two-week intervals during late 
May and June, and 1.5 to 1.75-inch applications at approximately to-day 
intervals during July and August. 

The water utilization rates for sweet potatoes were found to vary from 
less than 0.1 inch per day at approximately one month after cransplancing to 
more than 0.25 inch during periods of rapid plant development, high tem
peratures, and low humidity. After the vines had completely covered the 
soil's surface, the evapotranspiration rates more closely corresponded with 
weather conditions than with the stage of development of the plane. The 
evapotranspiration rates of cantaloupes prior to June 15 were less than 0.1 
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inch per day. By July L5 during the period of muimum mdon sizing, O.}~ 
inch daily ntd were indicated. Under these conditions camaloupes and 
SWeet pocu(Xs would not normally require irrigation until July, except for 
the transpl:mt water given the sweet potatoes at scuing time. T his would 
hold [rue, providing the soil profile W:l.S <I.e field capacity [0 the depth of 6 
feet, before pbncing. During J uly and AugusI, l.n-inch irrigations at ap
proximately lO-day interv11s should furnish sufficient water for maximwn 
yields. During the early part of September, the applications for sweet pota
toes may be reduced and the plant aUowed to deplete the soil reservoir in 
prcpantion for turve5c. 
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