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Estimating Soil Moisture for Field Studies 
Of Plant Growth. 

ROBERT S. CAMPBELL AND ROGER W. RICH 

Southern Forest Experiment Station, Forest Service, U.S. 
Department of Agriculture, New Orleans, La., and Na- 
cogdoches, Texas. 

This paper reviews and illus- 
trates a method of estimating 
moisture in the surface foot of 
soil from daily precipitation and 
certain other readily ascertain- 
able weather and soil factors. 
Such estimates may aid field 
studies of plant growth where 
actual measures of soil moisture 
are lacking. As an example, esti- 
mated soil moisture is used to in- 
terpret variations in grass pro- 
duction on a longleaf pine forest 
of south Mississippi. 

Many of the major relation- 
ships of soil moisture to plant 
growth are understood, but the 
details remain largely to be 
worked out. In field studies of 
range, forest, and crop plants, 
lack of time, funds, and equip- 
ment often precludes adequate 
soil-moisture measurement. Pre- 
cipitation is usually recorded but 
generally affords a poor indica- 
tion of the moisture available to 
plants. The reasons are that 

small storms do not measurably 
increase soil moisture, and that 
considerable water may run off, 
be intercepted, or move to soil 
layers below the root zone. Ac- 
tual measurements of soil mois- 
ture are of course preferred, but 
where they are lacking consis- 
tent estimates should be superior 
to precipitation as an index of 
available moisture. 

The method of estimation il- 
lustrated here was developed 
from 1951 to 1959 by the South- 
ern Forest Experiment Station in 
cooperation with the U. S. Army 
Engineer Waterways Experi- 
ment Station at Vicksburg, Miss. 
At present, it is applicable only 
where rainfall is the principal 
source of precipitation, and to 
the surface foot of soil. Means 
may be found later to extend the 
method to other forms of precipi- 
tation and to the full root zone. 
In specific cases, other methods 
of estimating soil moisture 

(Smith, 1959) may prove more 
applicable. 

Soil Moisture 
Prediction Method 

The moisture prediction 
method requires a record of 
daily rainfall and six additional 
factors of soil and weather (Carl- 
son et al., 1956) : 
1. 

2. 

3. 

4. 

5. 

Field maximum, or the maxi- 
mum recurring average mois- 
ture content of the soil in situ 
(Carlson, 1959) . 
Field minimum, or the mini- 
mum recurring moisture con- 
tent of the soil in situ. 
Minimum storm. The small- 
est storm that contributes to 
soil moisture. The minimum 
used for the study in south 
Mississippi was 0.1 inch of 
rain in one day. 
Soil moisture accretion curves, 
or linear regressions computed 
for the O-6 and 6-12 inch soil 
layers for each accretion class. 
Accretion is related either to 
rainfall (Class I accretion: 
total rainfall is less than avail- 
able storage) or to available 
storage (Class II accretion: 
total rainfall is equal to or 
greater than available storage 
in the surface foot). 
Seasonal soil-moisture deple- 
tion curves, or curves of soil 
moisture content against time 
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Table 1. Soil-moisfure esGmafion, McNeill, Miss., 1947 
- ____ ~- 

Moisture Moisture 
Days of content content 

Date depletion before Available Rainfall Accretion Accretion after 
storm1 storage class storm 

O-6 6-12 O-6 6-12 O-6 6-12 - O-6 6-12 
Layer Layer Layer Layer Layer Layer Layer Layer 

April 
15 
20 

May 
7 

10” 
18 
20 
24 

4 

---- (Inches) - - - - _--- (Inches) - - - - 
1.56 1.49 

1.32 1.34 0.28 0.26 1.68 II 0.16 0.14 1.48 1.48 

16 .85 1.11 .75 .49 .79 I .36 .16 1.21 1.27 
2 1.13 1.23 0 
8 .73 .86 .87 .74 .25 I .lO .04 .83 .90 
1 .78 .86 .82 .74 .97 I .44 .20 1.22 1.06 
3 1.01 .95 .59 .65 1.95 II .39 .36 1.40 1.31 

1 Field maximum = 1.60 inches for each 6-inch soil layer. 
2 Transition date from spring to summer season. 

for periods of no accretion for 
a given site by soil layers and 
seasons. 

6. Transition dates on which av- 
erage depletion rates change 
from winter to spring, spring 
to summer, etc. 
The soil moisture estimates are 

made by a bookkeeping proce- 
dure that begins with a known 
or assumed moisture content, us- 
ually the field maximum or field 
minimum. For each drying day, 
the amount of moisture lost, as 
indicated by the appropriate sea- 
sonal curve, is subtracted. For 
days with more than the mini- 
mum storm the amount of mois- 
ture gained is read from the ap- 
propriate accretion curves or 
tables and added. Carlson et al. 
(1959) have published accretion 
and depletion tables based on 
various data from 131 sites and 
tested on more than 600 sites 
throughout the United States: 
average deviation of predicted 
from actual soil moisture con- 
tents for 178 southern sites was 
0.28 inch per 6 inches of soil. 

Table 1 illustrates the predic- 
tion method for the location in 
southern Mississippi, near Mc- 
Neill. The rainfall station was 
about 0.7 mile from the grass 
plots, close enough for soil-mois- 
ture estimates, according to 
Thames (1959). The soils were 
Orangeburg deep fine sandy 
loams with a field maximum of 

about 3.20 inches of water in the 
uppermost 12 inches and a field 
minimum of about 0.8 inch. From 
data of Broadfoot and Burke 
(1959) wilting point was calcu- 
lated to be about 1.50 inches. The 
average transition date from 
spring to summer was set at May 
10. 

cause it was less than total avail- 

To illustrate the method, we 
will follow the sample calcula- 
tions in Table 1 for the O-6 inch 
soil layer. The record starts on 
April 15, after rains had in- 
creased moisture for this layer to 
1.56 inches, near the field maxi- 
mum of 1.60 inches. There fol- 
lowed 4 days of depletion (April 
16-19)) which according to aver- 
age spring-autumn rates for 
sandy soils (Carlson et al., 1959, 
table A7) reduced the soil mois- 
ture 0.24 inch, to 1.32 inches. This 
l.eft available storage of 0.28 inch 
(1.60-1.32). The rain of 1.68 
inches on April 20 was more than 
available storage in the entire 
O-12 inches of soil: hence a Class 
II accretion. It resulted in accre- 
tion of 0.16 inch (Zoc. cit., Table 
A4), and increased the moisture 
content in the O-6 inch soil layer 
to 1.48 inches. Next came 16 days 
of depletion-April 21 through 
May 6- during which moisture 
decreased to 0.85 inch and avail- 
able storage increased to 0.75 
inch. The rain of 0.79 inch on 
May 7 was a Class I accretion be- 

able storage of 1.24 inches in the 
upper foot of soil. 

The calculations continue sim- 
ilarly except for the change from 
the spring to the more rapid 
summer depletion rate on May 
10. For each date of record, the 
moisture contents of the O-6 and 
6-12 inch layers are totaled to 
yield the O-12 inch soil moisture 
content. 

An IBM 650 program (WES 
1012) has been developed for 

Average 

handling these estimates by ma- 

28.25 

chine if the quantity of data jus- 

765 

tifies. 
Applicafion of Estimated Soil 
Moisture fo Grass Producfion 

Dafa 
Grass yields on the longleaf 

pine area near McNeil1 were 
published by Smith et al. (1958). 
The paper included a brief but 
inconclusive discussion of the ef- 
fect of rainfall on grass produc- 
tion, based in part on the follow- 
ing data: 

Maximum 
Rainfall grass 

April (Air-dry) 
Year August per acre 

Inches Pounds 
1947 30.43 585 
1948 24.22 474 
1949 38.75 1,375 
1950 23.75 910 
1951 30.67 619 
1952 19.85 690 
1953 30.08 702 
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FIGURE 1. Daily rainfall, estimated moisture in surface foot of soil, and cumulative 
grass production by months, on open forest land at McNeil1 Experimental Forest in 
south Mississippi for 1948 and 1949. 

The regression of grass pro- 
duction on rainfall is not signifi- 
cant. The data raise the question 
as to why the 1947 and 1951 sea- 
sons had above-average precipi- 
tation but low grass yields, while 
the 1950 season had above-aver- 
age grass growth with below-av- 
erage rainfall. 

After the moisture-prediction 
method was developed, the soil 
moisture in the surface foot was 

estimated for the McNeil1 study 
as a possible means of explaining 
some of the differences in yields 
between seasons and years. The 
grasses were principally Andro- 
pogon scoparius, A. tener, and 
other bluestems, along with sev- 
eral panicurns, dropseeds, and 
threeawns. These species, when 
growing in a fine sandy loam 
(Ruston), have most of their 
feeding roots within 4 to 10 

inches of the soil surface (Pessin, 
1939) . 

An understanding of the ef- 
fects of soil moisture or weather 
on grass yields may be gained 
by considering in some detail the 
year of lowest production, 1948, 
and the year of highest produc- 
tion, 1949. Precipitation, esti- 
mated soil moisture, and grass 
production for these very differ- 
ent years are shown in figure 1. 

In 1948 moisture was adequate 
during March and April, but the 
last killing frost was so late 
(March 13) that grass was slow 
in starting and April growth was 
below average. From mid-May 
until June 20, soil moisture hov- 
ered near the wilting point with 
no appreciable recharge until 
June 21 and 22. For this reason, 
weight of grass on the plots in 
June was slightly less than in 
May. On July 4-6, and again on 
July 27, soil moisture approached 
the wilting point briefly, but re- 
mained sufficiently high during 
the rest of the month to permit a 
small gain in grass weight. The 
modest gains continued through 
August and September, but the 
season’s maximum was less than 
for any other of the seven years. 
Thus, although rainfall for the 
growing season was 86 percent 
of average, grass growth was 
only 61 percent of average be- 
cause soil moisture remained 
near or below the wilting point 
for 24 days in late May and June. 

In 1949, the last killing frost 
was on February 2 and soil mois- 
ture was ample through March 
and April. Hence grass growth 
started early and the April yield 
was well above the 7-year aver- 
age. During the rainless period 
in May, soil moisture depleted 
below the wilting point for 7 
days. It was recharged by the 
series of rains from May 28 to 
June 1, but May grass production 
was almost negligible. There- 
after the rains were so well dis- 
tributed that soil moisture stayed 
above the wilting point except 
on June 23 and for a few days 
in early August. Grass continued 
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to grow exceptionally well 
through August. The total was 
1,375 pounds per acre, the high- 
est for the 7 years of the study. 

A more specific explanation of 
the differences in grass produc- 
tion between years was found in 
the number of days that soil 
moisture in the surface foot was 
at or below the wilting point 
during the grand per i o d of 
growth. This period was con- 
sidered to include May, June, 
and July because 85 percent of 
the average year’s grass produc- 
tion is complete by the end of 
July. The regression of maxi- 
mum annual grass production 
over number of days at or below 
wilting point is shown in figure 
2. The relationship is highly 
signif icant, with a correlation 
coefficient of -0.89. Days with 
rain were not included in the 
tally of days below the wilting 
point. The effect expressed by 
the linear regression is an aver- 
age reduction of 36 pounds of 
grass per acre for each day at or 
near the wilting point during the 
grand growth period. Timely 
rains and ample soil moisture 
cause a succession of g r e e n 
grasses that provide a long sea- 
son of good grazing. A short 
period near or below wilting 
point may temporarily curtail 
grass production, as in May 1949. 
Longer periods may seriously 
damage the grass and reduce 
subsequent productivity, as in 
June 1948. 

Discussion 

Estimated soil moisture offers 
considerable improvement over 
rainfall in correlation with grass 
growth, both within and between 
years, at least in the South 
where rainfall is relatively high. 
The length of time the moisture 
in the upper foot of soil is at or 
below the wilting point during 
the grand growth period corre- 
lated well (inversely) with max- 
imum grass production. Prob- 
ably other measures of both soil 
moisture and grass growth 
would improve the correlations 

1,400 
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20 25 

FIGIJRE 2. Regression of maximum annual grass production over number of days at 
or below the wilting point in upper foot of soil during the grand growth period. McNeil1 
Experimental Forest in south Mississippi, 1947-1953. 

suggested here. For example, the 
data on monthly grass weights 
and days below wilting point 
(figure 2) suggest a curvilinear 
regression. With adequate data, 
statistically significant multiple 
relationships might be es- 
tablished between weekly or 
monthly herbage production and 
soil moisture, date of last frost, 
temperatures, etc. 

The way in which the grass 
overwinters appears important, 
but this study provided no ade- 
quate test. Several grass species 
produce basal rosettes of green 
leaves in the fall, and during 
mild moist winters these survive 
to provide a running start for 
new growth in the spring. The 
winter of 1948-49 was just such a 
season, and the initial measure- 
ment in April 1949 showed 410 
pounds of green grass per acre. 
During a very cold or dry 
winter, few green leaves survive. 
Following the severe winter of 
1947-48, for example, green grass 
in April 1948 weighed only 213 
pounds per acre. 

Another way in which mois- 
ture-estimation should p r o v e 
useful is to interpolate missing 
or incomplete data in actual 
records. 

Summary 

T h e soil-moisture prediction 
method developed at the Vicks- 
burg Research Center of the 
Southern F o r e s t Experiment 
Station offers one means of using 
rainfall records to estimate mois- 
ture in the surface foot. It should 
prove useful in field studies of 
plant growth and production 
where soil moisture measure- 
ments are lacking or incomplete. 
This possibility was tested with 
monthly data on grass weights 
at the M c N e ill Experimental 
Forest in south Mississippi. Es- 
t i m a t e d moisture correlated 
much better than rainfall with 
cumulative g r a s s production. 
Furthermore, a highly signifi- 
cant negative regression was 
found for maximum annual grass 
production over number of days 
that moisture in the upper foot 
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of soil was at or below the wilt- 
ing point during the grand 
period of growth. 
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Seeding Response and Soil Characteristics on 
Adjacent Sagebrush and Desert Molly Soils 

C. WAYNE COOK’ 

Research Professor of Range Management, Utah Agri- 
cultural Experiment Station 

Vegetation of the shadscale 
and sagebrush zones in the Great 
Basin area commonly display a 
mosaic pattern. Vegetation of 
the sagebrush zone in north- 
western Utah appears to be a 
homogeneous expanse of sage- 
b r u s h (Artemisia tridentata) 
but close observation reveals the 
presence of islands of dense halo- 
geton (Halogeton glomeratus) 
and a few desert molly (Kochia 
vestita) plants without sage- 
brush. Vestiges of root crowns 
indicate that these islands once 
supported mainly desert molly 
with an occasional winterfat 
(Eurotia Zanata) plant. 

Seeding experiments on these 
areas in northwestern Utah 
showed that areas formerly occu- 
pied by sagebrush supported 
dense stands of Russian thistle 
with a fair stand of crested 
wheatgrass following plowing 
and planting. However, the 
areas formerly occupied by des- 
ert molly and winterfat sup- 
ported dense stands of halogeton 

1The author is indebted to James 
Thorne for chemical analyses of 
soil, to Raymond Miller for soil 
descriptions, and to Robert Mar- 
quiss for field assistance. 

with an extremely poor stand of 
grass following tillage and seed- 
ing (Figure 1). 

At first it was believed that 
halogeton presented more com- 
petition for grass seedlings than 
Russian thistle because there 
was a poorer stand of grass 
where halogeton predominated. 
Later, established vegetation 
type lines showed that sagebrush 
and Russian thistle were re- 
stricted to certain areas and des- 
ert molly and halogeton to 
others. 

These differential responses in 
areas lying adjacent to one an- 
other led to a study of some of 
the soil and moisture conditions 
favoring growth of various plant 
species in the two vegetation 
types. The study was conducted 
during 1957 and 1958. The pre- 
cipitation was 12.6 inches during 
1957 and 10.2 inches during 1958. 

Methods and Procedures 
Areas displaying sharp con- 

trasts between pure stands of 
sagebrush, and mixtures of halo- 
geton and desert molly were 
studied at three separate loca- 
tions. Both sagebrush and des- 
ert molly areas were plowed and 
seeded to crested wheatgrass at 

each location, and compared to 
undisturbed vegetation in each 
case. 

During the spring of 1958, 
while the soil was moist, bulk 
density was determined on both 
plowed and unplowed areas on 
both vegetation types. The bulk 
density samples were collected 
by use of steel cylinders 2 inches 
in diameter and 6 inches high. 
Twelve paired samples were 
taken, one on each side of the 
ecotone between types on both 
plowed and unplowed conditions. 
The top inch of soil was re- 
moved to eliminate trash, there- 
fore, the core for determining 
bulk density included the soil 
6 inches below the surface inch. 

During the late summer of 
1958, when the soil was dry, in- 
filtration tests were made on 
each vegetation type and on both 
plowed and unplowed areas. The 
tests tiere made with steel cyl- 
inders 8 inches in diameter and 
18 inches high. They were 
driven into the soil 4 inches. 
Twelve paired samples were 
taken on opposite sides of the 
ecotone between sagebrush and 
desert molly on both plowed and 
unplowed areas. One sample of 
each pair was taken on opposite 
sides of the ecotone. 

Precisely 9000 cc of water were 
poured into each cylinder on a 
baffle plate to avoid disturbing 
the soil surface. The rate of 
infiltration was measured dur- 
ing the first three 5-minute in- 
tervals, during the next three 
15-minute intervals, followed by 


