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Summary 
An experiment was initiated in 

the Lower Rio Grande Valley 
Weslaco, Texas, to study the effects of 
and amendment treatments on yields 
vegetables over a 4-year period. 

Yield data indicated that poor 
good management can be used to 
supplies of good quality water on soils 
acy fine sandy loam. Because poor 
causes a deterioration of soil structure 
decreases yields of salt-sensitive crops, 
tionable quality should be used with 
caution. 

Cotton yields were not OJ·L5"H".aul~1 
poor quality well water during a 
cropping with lettuce and cabbage. 

Lettuce and cabbage yields were 
duced by poor quality well water. 

A cropping system of continuous 
tuce (or cabbage) caused marked 
yields, where both good and poor 
used. It seems imperative that 
should be grown periodically on soils 
acy fine sandy loam to maintain their 

Well water caused accumulation of 
changeable and soluble sodium in the 
cumulations were investigated and 
of 5 feet. 

Amendments did modify the 
ical properties of the Willacy 
Amendments influenced soil crusting 
able and soluble cations in the soil. 
fur, krilium and gypsum failed to 
ence of well water on lettuce and 
This is probably because lettuce and 
salt-sensitive crops. Amendments did 
influence salt accumulations in the soil 
well water. 

Modulus of rupture, an index of 
positively correlated with exchangeable 
water, which increased the <o"'u .. "'/;,,, ....... 

the soil, increased soil crusting and 
ally decreased the infiltration of water 

The relationships between estimated 
centages and. exchangeable sodium 
the soil are discussed. The 
centages are calculated by the formula 
the U. S. Salinity Laboratory, Riverside, 
The applicability of this formula seems 
soil depth and climatic conditions. 
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CROP YIELDS AND PHYSICO-CHEMICAL PROPERTIES OF THE SOIL 

C. J. Gerard, C. A. Burleson, M. E . Bloodworth, W. R . Cowley and J. W. Biggar* 

OF WATER IN THE LOWER RIO GRANDE VALLEY 

ted in the development of many wells 
of questionable quality. Economic con

force the use of such waters in the pro
crops. Many wells were developed during 

of 1952-54; some had water of exception
, but many were of poor quality water, 
both in total salt content and soluble sod

well may be a valuable source of water 
)J'Odlucti'c In when the water supply from the 

is limited. It is, therefore, important to 
influence of water from these wells of 
quality on crop yields and soil produc-

al 0 is important to investigate possible 
'ng or minimizing the effect of undesir
ition which may develop from the use 

ity water. 

o( alinity in agric:ulture have re
attention of research workers for many 

ion of salinity and related problems 
in the U. S. Department of Agriculture 

60 (5). Thi publication and Texas Agri-
. Station Bulletin 87h (3) review 

work which has been done on saline and 

was initiated in October 1954 at the 
Grande Valley Experiment Station in 

good and poor quality waters were used 
oil amendments in the production of 

purpo e of the experiments was to: (1) 
h, quality and yield of field crops and 

affected by irrigation water quality and 
of uHur, gyp um and krilium when used 

; (2) study the effects of these fac
chemical and physical conditions of the 

period of 3 to 5 years. Cotton, a highly 
and warm-season crop, and lettuce, a 
tolerant and cool-season crop, were used 
crops in the study. 

vegetable crop was changed in 1957-58 
because lettuce often was infected ser

mildew which made it difficult to obtain 
data. 

tc soi l physicist, associate agronomist, Sub
Weslaco. Texas: associate professor, Department 
Collcj!e tation , Texas; superintendent, Substa

, Texas, and associate soil scientist., Agri
tation, Davis, California. 

Procedure 
The experiment was located on the Lower Rio 

Grande Valley Experiment Station near Weslaco, 
Texas. The soil type was a Willacy fine sandy loam. 
The exchange capacity of the 0 to 6-inch depth aver
aged 7.36 milliequivalents per 100 grams of soil and 
8.36 milliequivalents per 100 grams at the 6 to 12-
inch depth. The experimental design was a 4 x 4 
Latin square with columns split for two water quality 
treatments-well and canal water. Canal water re
fers to the water pumped from the Rio Grande and 
supplied through Hidalgo and Cameron Counties 
Water Control and Improvement D istrict No.9. The 
salt content of the canal water varied from 650 to 
1,200 p .p.m. with an average of approximately 800 
p.p.m. Well water was obtained from a well which 
was 600 feet deep and located adjacent to the experi
mental area. The salt content of the well water rare
ly varied and averaged 2,400 p.p.m. Th~ amendment 
treatments consisted of sulfur, gypsum, krilium and 
no-treatment (check). Each plot consisted of six 38-
inch rows, 25 feet in length. Three increments of 
1,000 pounds per acre of each amendment (sulfur, 
gypsum and krilium) were applied in the fall of 1954 
and in both spring and fqll of 1955. 

LETTUCE 

The preceding cotton crop was shredded, and 
the soil was disked, bedded and fertilized. In the 
fall of 1954, 1955 and 1956, lettuce (A36 variety) 
was planted two rows per bed. In the fall of 1957 
cabbage (Gloria Enkhuizen YR) 1 was seeded two 
rows to the bed. The lettuce or cabbage crop was 
uniformly fertilized with 60 pounds of nitrogen and 
60 pound.., phosphoric acid per acre. Additional nitro
gen was' supplied in the form of one or two top-dress
ings of 60 pounds per acre, depending on the appar
ent need. Lettuce and cabbage plants were blocked 
off to space plants 12 inches apart. 

Lettuce and cabbage crops were surface irrigated 
with several applications of water during the grow
ing season. The timing of irrigations, amount of wa
ter in inches per application and rainfall for the re
spective crop by years are listed in Table 1. Water 
was conveyed to the p lots in aluminum gated pipe. 
The time to irrigate was based on the apparent need 
of the vegetable crop. However, the plots were 

lCabbage was substituted for lettuce in the .fall of 1957. 
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sampled periodically to a depth of 5 feet to de
termine the amount of moisture in the soil. A Sparl
ing flow meter was used to measure the quantity of 
water applied to each treatment. The quality of the 
canal and well waters varied slightly with years. The 
average parts per million (p.p.m.) of total salt for 
the respective water sources and crop year are indi
cated in Table l. 

Lettuce and cabbage plants were dusted and 
sprayed to control insect and disease infestations at 
regular intervals. Heads of lettuce and cabbage were 
graded with the exception of the crop obtained in 

TABLE I. AMOUNTS OF IRRIGATION WATER APPLIED 
TO LETTUCE OR CABBAGE 

Water applied, inches 

Item Canal Well 

Year, 1954-55 
10/ 26/ 54 1.9 3.0 
II / I / 54 1.1 1.1 
II / 24/ 54 1.1 1.0 
12/ 20/54 1.9 1.9 
1/ 4/ 55 1.3 1.1 
1/ 20/ 55 0.9 0.9 
Total water applied 8.2 9.0 

Rainfall 1.43 1.43 
Total water - 9.63 10.43 

Average p.p.m. salt 740 2400 

Year, 1955-56 
10/ 17/ 55 2.6 2.4 
10/ 26/ 55 2.6 2.4 
II / 23/ 55 1.9 1.4 
12/ 20/ 55 1.6 1.4 
1/ 9/ 56 1.7 1.4 
1/ 23 / 56 1.4 1.1 

" 2 / 17/ 56 1.2 1.3 
Total water applied 13.0 II.4 

Rainfall 1.45 1.45 
Total water 14.45 12.85 

Average p.p.m. salt 740 2400 

Year, 1956-57 
II / 9/56 3.4 3.5 
II / 16/56 2.0 2.0 
12/ 18/ 56 1.8 2.0 
1/ 10/ 57 2.0 1.9 
2 / 12/ 571 1.7 
3/ 8/ 57 4.0 4.0 
Total water applied 13.2 15.1 

Rainfall 4.54 4.54 
Total water 17.74 19.64 

Average p.p.m. salt 1230 2400 
Year, 1957-58 
10/ 1/ 57 2.6 2.4 
10/ 14/ 57 3.2 3.4 
10/ 24 /57 2.2 2.4 
II / 4 /57 2.1 2.0 
12/ 5/ 57 2.1 2.0 
12/ 20/ 57 2.0 2.0 
2 / 19/ 58 2.0 2.0 
Total water applied 16.2 16.2 

Rainfall 9.55 9.55 
Total water 25.75 25.75 

Average p.p.m. salt 740 2300 

lBecause of a shortage of canal water and a 2-inch rain on 
February 15, 1957, the canal water plots were not irrigated on 
this date. -
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TABLE 2. YIELDS OF MARKETABLE 
CABBAGE AS INFLUENCED BY WATER 

SOIL AMENDMENT TREATMENTS 

Amendment 

Year treatment 

Yields in tons per acre 

Water sourcel 

1955 No treatment 
Gypsum 
Krilium 
Sulfur 

Average 
Water treatments, L.S.D. 

1956 No treatment 
Gypsum 
Krilium 
Sulfur 

Average 
Water treatments, L.S.D. 

19572 No treatment 
Gypsum 
Krilium 
Sulfur 

Average 
Water treatments, L.S.D. 

19583 No treatment 
Gypsum 
Krilium 
Sulfur 

Average 
Water treatments, L.S.D. 

Canal 

II.8 
10.1 
II.8 
9.8 

10.9 
(0.05) 

13.3 
14.2 
12.5 
5.2 

II.3 
(0.05) 

II.3 
II.5 
11.4 
8.2 

10.6 
(0.05) 

24.0 
20.6 
21.7 
20.7 
21.8 
(0.05) 

Symbols: N .S. = Not significant. 

Well 

9.3 
9.1 
8.9 
9.2 
9.1 
1.4* 

10.8 
12.5 
11.4 
3.0 
9.4 
1.7* 
8.9 
9.0 
9.1 
6.2 
8.3 
0.7** 

19.4 
15.4 
18.4 
15.0 
17.1 
2.9** 

* = Significant at (0.05). 
** = Significant at (0.01). 

lCanal water had an average of 800 p.p.m. salt. 
Well water had an average of 2,400 p.p.m. salt. 

2'J'he 1957 data represent total rather than 
The number of marketable lettuce heads was 
mildew infestation. 
3The 1958 data represent marketable cabbage 
lettuce. 
4The overall influence of amendment treatments 
a significant influence. However, a comparison 
tailled from the no-treatment and krilium 
sulfur and gypsum treatments showed that the 
candy reduced cabbage yields. 

1957. Mildew infestations in 1957 made 
possible and only the total yields are 
2. 

COTTON 

After the lettuce was harvested, the 
plants were shredded as near to the soil 
possible without damage to the shredder 
preplanting irrigation for the cotton crop 
a few days prior to shredding the 
were broken open by 20-inch sweeps and 
was seeded in the furrow opened by the 
area was fertilized uniformily with 60 to 
of nitrogen per acre. An early appl 
50 pounds of nitrogen per acre usually 
by a sidedressing application of the 
later in the season. Cotton plants were 
a 6-inch spacing. 



crop had several applications of wa
the growing season. The time to irrigate 
on the apparent need of the cotton crop. 
the plots were sampled periodically to a 
feet to determine the amount of moisture 

The timing of irrigations, amount of 
and water qualities for the respective 
are listed in Table 3. Insects were 

dusting and spraying the cotton at reg-

AND PHYSICAL ANALYSES 

Soil Preparation 

were obtained from the water qual
various chemical and physical analyses. 
were air dried, ground by hand and 

mixed before analyses. Generally, most 
required that the soil be ground to 

a 2 mm. sieve (5). Soil samples from 
collected once or twice a year. The 

takcn just after the lettuce or cabbage 
or after the cotton crop in August or 

In this way it was possible to evaluate 
of the treatments and climate during 

AMOUNTS OF IRRIGATION WATER APPLIED 
TO COTTON 

Water applied, inches 

Canal Well 

2.3 2.9 
2.9 2.9 
2.6 2.5 
2.4 2.2 
2.2 2.2 

12.4 12.7 
3.3 3.3 

15.7 16.0 
650 2400 

2.9 2.8 
2.8 3.1 
5.7 5.9 
4.0 4.0 
9.7 9.9 

800 2430 

2.0 3.4 
5.9 4.6 
5.3 5.4 

13.2 13.4 
9.6 9.6 

22.8 23.0 
720 2400 

2.8 2.7 
2.7 2.2 
3.1 3.1 
8.6 8.0 
6.5 6.5 

15.1 14.5 
720 2180 

the vegetable or cotton crop upon the physico-chem
ical properties of the soil. 

Chemical Analyses 

Chemical analyses determined on the soil samples 
were pH, electrical conductivity, organic matter, ca
tion exchange capacity, exchangeable sodium and po
tassium, and soluble sodium, potassium, magnesium 
and calcium. Analyses were made according to meth
ods outlined in USDA Handbook 60 (5). Determi
nations of pH and electrical conductivity were made 
at least once a year, usually after the cotton harvest. 
However, in 1955 the plots were sampled also after 
the lettuce harvest in March. Sampling dates are 
reported in Tables 4 and 8. Organic matter analyses 
were made in September 1955 and August 1958. Ca
tion exchange capacities, exchangeable sodium and 
potassium, and soluble sodium, potassium, magnes
ium and calcium determinations were made on soil 
samples collected in March 1957 and September 1958. 

Physical Analyses 

Physical analyses determined on soil samples 
from water quality plots were modulus of rupture, 
aggregate stability, 15-atmosphere percentage, field 
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Figure 1. Influence of water quality and number of years 

of a cotton·vegetable cropping system on cotton yields. 
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TABLE 4. THE INFLUENCE OF THE USE OF WATER QUALITY AND AMENDMENT 
AT DIFFERENT SOIL DEPTHS AND SAMPLING DATESl 

Soil amendment 
treatment 

Soil 
depthin------------~~~~~---------------

Canal water 

Sampling dates 

Well water 

Sampling dates inches 

3/ 3 / 5~ 9/ 29/ 55 9/ 18/ 56 9/ 17/ 57 8/ 26 / 58 3/ 3/ 55 9/ 29/ 55 9/ IS /56 
0·6 6.5 7.5 7.4 6.6 7.7 6.5 7.7 6.9 
6-12 7.4 7.2 7.0 7.3 7.3 6.5 7.4 6.5 

No treatment 12-24 7.5 7.7 7.1 7.6 7.1 7.4 7.8 6.S 
24-36 7.4 7.2 7.3 7.3 7.2 7.5 7.1 6.9 
36-48 7.8 7.2 7.3 7.8 8.0 7.7 7.4 6.9 
48-60 7.7 7.5 

0-6 6.1 7.6 7.4 6.9 7.6 6.7 7.8 7.2 
6-12 7.4 7.1 7.3 7.3 7.2 6.8 7.5 7.0 

KriHum 12-24 7.6 7.7 7.2 7.3 7.2 7.4 7.5 7.2 
24-36 7.6 7.3 7.3 7.2 7.3 7.5 7.1 7.1 
36-48 7.8 7.4 7.1 7.7 7.9 7.8 7.3 7.2 
48-60 7.6 7.5 

0-6 6.5 7.4 6.7 6.7 7.5 6.5 7.5 7.5 
6-12 7.2 7.1 6.6 7.3 7.2 6.9 7.2 7.3 

Gypsum 12-24 7.5 7.6 6.8 7.5 7.3 7.4 7.7 7.2 
24-36 7.6 7.4 7.2 7.1 7.2 7.5 7.3 7.2 
36-48 7.8 7.4 7.3 7.5 7.8 7.8 7.3 7.5 
48-60 7.6 7.5 

0-6 5.9 4.1 3.7 4.8 5.9 6.2 4.0 3.S 
6-12 7.0 6.2 4.3 5.9 6.5 5.7 5.8 5.4 

Sulfur 12-24 7.6 7.4 5.7 6.3 6.8 7.4 7.5 6.5 
24-36 7.4 7.2 6.8 6.9 6.9 7.4 7.1 7.0 
36-48 7.5 7.1 7.4 7.6 7.8 7.5 7.1 7.0 
48-60 7.6 7.4 

lAver age of four replications. Three increments of 1,000 pounds per acre of the amendments were applied on October 
2, 1955 and October 14, 1955. 

capacity, bulk density, penetrometer and infiltration 
rates. 

Modulus of rupture and 15-atmosphere percent
age analyses were determined on the soil samples 
which were prepared as described in the section on 
"Soil Preparation." 

Aggregate stability was determined according to 

the method proposed by the Committee on Physical 
Analyses (1951-53) (9). Soil samples were ground 
by hand to pass through an 8 mm. rather than a 2 
mm. SIeve. 

Field capacity determinations were obtained in 
the field before the experiment was initiated in the 
fall of 1954. Field capacity was determined by 
sampling the plots by I-foot increments to a depth 
of 5 feet, 2 or 3 days after an irrigation. 

Bulk densities were determined to a depth of 5 
feet with a 2 x 2-inch core sampler in 1954. In 1958 
they were determined by obtaining a soil core with 
the soil sampling machine described by Kelley et. al . 
(I) . 

An attempt was made to evaluate the effect of 
treatment on soil hardness and compaction. The 
method used was a modification of a technique used 
by Swanson and Jacobson (7). The number of 
strokes2. required to drive a soil sampler a foot in 

20ne stroke was equal to a I5-pound hammer raised I foot and 
allowed to fall free on a 4-foot Viehmeyer (9) soil sampling 
tube (11A! inches outside diameter) . 

6 

depth was recorded. Determination 
by I-foot increment to a depth of 4 

Infiltration rates for the variou 
obtained in March 1958, with metal 
described by Richards, et. al. (5). 

Results and Disc 
LETTUCE 

Yields of 
Table 2. Results indicate that well 
p.p.m. of salt) significantly reduced 
1955, 1956 and 1957. Cabbage, which 
for lettuce in 1958, showed similar 
age yield reductions due to well water 
l.8 tons per acre in 1955, l.9 tons per 
2.3 tons per acre in 1957 and 4.7 tons 
1958. Continued use of poor quality 
cause greater reductions in yields. 
bage yields in 1958 should not be 
lettuce yields in the 3 previous year. 
bage produces approximately one-third 
per acre than lettuce. 

Amendme~t treatments had an 
tuce and cabbage yields, Table 2. In 1 
no significant influence due to the 
ments, but applications of sulfur and 
canal water plots seemed to decrea e 



5. AVERAGE DAILY EVAPOTRANSPIRATION 
INCHES PER DAY BY LETTUCE OR CABBAGE 

VENeED BY CANAL AND WELL WATER 

Water quality 

Canal Well 

0.10 O.ll 
0.14 0.16 
0.24 0.18 
0.15 0.10 

0.17 0.15 
0.10 0.10 
0.09 0.09 
0.14 0.15 
0.09 0.06 

0.18 0.17 
0.15 0.14 
0.15 0.17 
0.22 0.23 
0.12 O.ll 

and 1957, sulfur treatments significantly in
yields. In 1958 the overall amendment treat

did not significantly influence yields. How
comparison of yield results obtained from the 
and krilium treatments versus sulfur and gyp

KClI,UU:;lll;) indicated that sulfur and gypsum sig
reduced cabbage yields. 

were reduced in the sulfur plots primarily 
of the drastic change in pH of the soil. In 

were only slightly reduced by applica-
1,000 pounds of sulfur per acre. However, 
nds of sulfur had been added prior to the 

crop. As indicated in Table 4, the pH 
soil treated with 3,000 pounds of sulfur had 

and were in a more desirable range for plant 
in 1958. This is reflected by the 1958 yield 

ned from the soil treated with sulfur. Gyp
to cause slight decreases in yields in 1955 

The reasons for the yield behavior of soil 
with gypsum are not known but will be dis

under "Physical Analyses." 

evapotranspiration by lettuce or cabbage 
influenced by canal and well waters in 1955, 
1958 are shown in Table 5. Irrigation with 

well water did not seem to influence evapo
. n rates. This is probably because the let

rabbage crops were irrigated before severe 
tress conditions occurred. Evapotranspira
increased during the head formation stage 
uce or cabbage plants. 

of cotton in bales per acre for different 
indicated in Table 6 and Figure 1. Water 

and soil amendments did not significantly in
the yield of cotton. Yields in 1956 seemed to 

no treatment are used synonymously in this paper. 

be slightly reduced by well water but not signifi
cantly. It is suspected that cotton yields were not 
greatly influenced by the use of well water and amend
ment treatments because cotton is a salt tolerant crop 
and is adaptable over a wide range of soil environ
ment. In 1957 and 1958, it was difficult to obtain 
reliable yield data because of root-rot infestations. In 
1957 root-rot infestation on the sulfur plots was al
most negligible. However, sulfur treatment in 1958 
did not seem to influence cotton root-rot. The pH 
on the sulfur treated soil was probably in a more de
sirable range for root-rot infestation in 1958. The 
pH of the surface 6 inches of soil after the cotton 
crop in 1957 was below 5; the pH of the surface 6 
inches of soil after the cotton crop in 1958 was nearly 
6. 

It is interesting to note the influence of the vege
table-cotton rotation on cotton yields over a period 
01 years on the vVillacy fine sandy loam soil. Yields 
were drastically reduced from 2-%' bales in lY55 to 
three-fourths of a bale in 1958. Cotton yields pro
gressi vel y decreased each year the ro ta tion was in ef
feet as shown in Figure 1. Deterioration of soil struc
ture by the rotation was probably the main cause of 
the reductions in cotton vields. However, root-rot in
festation caused yield reductions in 1957 and lY58 
crops. 'field results from this crop rotatioll empha
size the need for growing soil improving crops to pre
vent the deterioration of soil structure. . It further 
emphasizes the fact that high-organic residue crops 
such as reci-top cane, crotalaria or others should be 
grown periodically on the coarse-textured soils in 01'

(ler to maintain a desirable phvsical condition. The 

TABLE 6. YIELDS OF LINT COTTON AS INFLUENCED 
BY WATER QUALITY AND SOIL AMENDMENT 

TREATMENTS IN 1955-58 

Yields in balesl of lint cotton per acre 

Amendment Water source 

Year treatment Canal Well Average 

1955 No treatment 2.60 2.81 2.71 
Gypsum 2.68 2.64 2.66 
Krilium 2.61 2.78 2.70 
Sulfur 2.77 2.66 2.72 

Average 2.67 2.72 

1956 No treatment 2.14 1.94 2.04 
Gypsum 2.43 1.77 2.10 
Krilium 2.26 2.07 2.17 
Sulfur 1.94 1.76 1.85 

Average 2.19 1.89 
1957 No treatment 1.16 1.05 1.11 

Gypsum 0.99 0.90 0.95 
Krilium 0.96 0.93 0.95 
Sulfur 1.09 1.31 1.20 

Average 1.05 1.05 
1958 No treatment 0.85 0.87 0.86 

Gypsum 0.68 0.68 0.68 
Krilium 0.78 0.70 0.74 
Sulfur 0.68 0.66 0.67 

Average 0.75 0.73 

lOne bale = 500 pounds of lint cotton. 
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TABLE 7. AVERAGE DAILY EVAPOTRANSPIRATION 
RATES IN INCHES PER DAY BY COTTON AS 

INFLUENCED BY CANAL AND WELL WATER 

Water quality 
Period Canal Well 

1957 

4/ 2/57 to 5/ 7/ 57 0.08 0.07 
5/ 7/ 57 to 5/ 23/ 57 0.07 0.09 
5/ 23/ 57 to 6/ 12/ 57 0.33 0.33 
6/ 12/57 to 6/ 28 / 57 0.20 0.19 
6 / 28 / 57 to 7 / 15/ 57 0.31 0.32 
7/ 15/ 57 to 8/ 15/ 57 0.20 0.18 

1958 
3/ 17/ 58 to 4/ 21 / 58 0.07 0.11 
4/ 21 / 58 to 5/ 15/ 58 0.18 0.12 
5 / 15/ 58 to 6/ 9/ 58 0.04 0.03 
6/ 9/ 58 to 7/ 24/ 58 0.27 0.28 

influence of this rotation on the physical conditions 
of the ''''Illacy fine sandy loam will be discussed in 
the section on "Physical Analyses". 

Daily evapotranspiration by cotton as influenced 
by canal and well waters in 1957 and 1958 are inui
cated in Table 7. Irrigation water quality did not 
seem to influence evapotranspiration rates. This is 
probably because the cotton was usually irrigated be
fore severe moisture stress conditions were evident. 
As indicated by the evapotranspiration rate from May 
15, 1958 to June 9, 1958 the cotton probably should 
have been irrigated before June 10, 1958. Soil mois-

ture stress conditions during this period 
contributed to the low yields in 1958. 
pirations rates increased during the 
fruiting of the cotton plants. 

CHEMICAL AND PHYSICAL ANAL 

Chemical Analyses 

Results of chemical analyses are 
Tables 4 and 8 through 12. Climatic 
ticularly rainfall, profoundly infl 
chemistry of the various plots. 

The changes in soil pH, as inn 
source, amendment treatments and 
ported in Table 4. Water source did 
pH appreciably nor was there much 
year to year. Sulfur was the only 
caused changes in soil pH. An add 
pounds of sulfur caused the surface 6 
to change from a pH of approximately 
The 6 to l2-inch layer also showed a 
in pH as shown by analyses made on 
in March 1955. An additional 1,000 
fur which were applied in March 1955 
reductions in soil pH. The soil pH of 
inch layer was reduced to approximately 
tember 1955. The 6 to 12-inch layer had 
soil pH of 6.0 An additional 1,000 
fur applied in October 1955 caused 

TABLE 8. THE INFLUENCE OF THE USE OF WATER QUALITY AND AMENDMENT TREATMENTS 0 
CONDUCTIVIT-Y (MILLIMHOS/ CM.) OF SOIL SOLUTION AT DIFFERENT SOIL DEPTHS AND 

Soil amendment 
Soil Canal water Well water 

depth in 
treatment inches Sampling dates Sampling dates 

3/ 3/ 55 9/ 29/ 55 9 / 18/ 56 9 / 17 /57 8 / 26/ 58 3/ 3/55 9/ 29/ 55 9/ 1S /56 
0-6 1.2 0.6 0.9 1.6 0.8 3.2 0.7 2.4 
6-12 0.8 0.5 1.4 1.2 1.1 2.0 0.6 3.4 

No treatment 12-24 0.4 0.2 1.1 1.1 1.4 0.9 0.4 3.3 
24-36 0.3 0.3 0.9 0.9 1.4 0.5 2.7 3.0 
36-48 0.4 0.7 1.5 0.9 1.3 0.6 2.0 3.4 
48-60 1.1 1.5 

0-6 0.8 0.6 0.9 1.1 0.8 2.9 0.6 3.S 
6-12 0.7 0.5 1.4 1.0 1.0 2.0 0.7 3.6 

Krilium 12-24 0.4 0.4 1.2 0.9 1.1 1.5 0.5 3.6 
24-36 0.4 0.3 1.2 1.1 1.4 0.5 1.7 2.4 
36-48 0.5 0.6 2.5 1.0 1.1 0.6 2.9 4.4 
48-60 1.2 1.2 

0-6 1.7 0.9 2.1 1.1 0.8 2.8 0.8 1.9 
6-12 1.1 0.5 2.0 1.2 0.9 2.0 0.7 3.3 

Gypsum 12-24 0.7 0.3 1.3 1.1 1.2 1.3 0.4 2.S 
24-36 0.5 0.4 1.1 1.2 1.4 0.4 0.9 2.7 
36-48 0.6 0.7 1.9 1.3 1.3 0.7 2.2 2.S 
48-60 1.4 1.6 

0-6 1.6 1.7 2.6 1.5 0.7 3.4 1.7 3.1 
6-12 0.9 0.9 2.0 1.3 1.0 2.4 1.5 3.5 

Sulfur 12-24 0.4 0.7 1.5 1.3 1.3 1.0 0.5 2.S 
24-36 0.5 1.1 1.6 1.4 1.8 0.4 1.8 2.5 
36-48 0.6 1.5 2.0 1.8 1.2 0.5 2.7 3.0 
48-60 1.6 1.4 

lAver age of four replications. Three increments of 1,000 pounds per acre of the amendments were applied on October 21, 
2, 1955 and October 14, 1955. 
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THE EFFECT OF SOIL TREATMENT AND SOURCE OF IRRIGATION WATER ON THE EXCHANGEABLE 
AND POTASSIUM CONTENT AT TWO DEPTHS OF A WILLACY FINE SANDY LOAM SOIV 

Sampled, March 1957 Sampled, August 1958 
Water 
source 

0-6 inch depth 6-12 inch depth 0-6 inch depth 6-12 inch depth 
Na+ K + Na+ 

Canal 1.01 1.03 0.45 
Well 1.88 1.10 1.41 

Canal 0.97 1.03 0.62 
Well 1.88 1.12 1.78 

Canal 1.15 1.15 0.57 
Well 1.51 1.20 1.68 

Canal 0.74 0.85 0.33 
Well 1.35 0.72 0.92 

The pH of the surface 6 inches was re
pH below 4.0 by September 1956. Slight 
pH to a depth of 3 feet was indicated by 

the samples taken in September 1956. The 
oil pH continued to be apparent in 

1957. However, the pH of the surface 6 
had changed from below 4.0 to almost 
of samples taken in August 1958 indi-
values were still lower than normal to 

of 3 feet, but the pH values were in a 
range for plant growth. Lettuce and 
from the sulfur-trea ted plots indicated 

effects of very high acidity on yields. This 
ly true in 1956 and 1957 as indicated 

conductivity values of the soil solution 
extract) for various years as influenced 

amendments treatments are listed in 
values are indicative of low salt con
values are indicative of high salt con-

use of well water caused increases 
tion of the soil solution. Often the 
tivity values of the soil solu tion from 
well water were twice the electrical 

values of soil solution from plots receiv
Electrical conductivity measure-

K + Na + K + °Na + K + 

0.69 0.29 0.59 0.43 0.59 
0.78 0.79 0.58 1.18 0.54 

0.80 0.27 0.66 0.42 0.61 
0.73 0.83 0.67 1.07 0.62 

0.71 0.26 0.60 0.40 0.63 
0.95 0.67 0.57 1.08 0.61 

0.84 0.25 0.56 0.36 0.74 
0.76 0.75 0.55 1.06 0.71 

ments of samples taken in September of 1955, 1956 
and 1957 indicate that sulfur caused increases in the 
soluble salt concentrations of the soil solution. From 
March 1955 through September 1955, 18 inches of 
rain were effective in leaching the salts to lower soil 
depths. Considerable amounts of salts accumulated 
in the soil surface by September 1956. Heavy rains 
from September 1957 to August 1958 caused reduc
tions in the salt concentrations of the surface 6 inches 
of soil. However, the use of well water caused ac
cumulations of fairly large quantities of soluble salts 
at depths below 6 inches, Table 8. 

A number of soil chemical analyses were made 
on soil samples taken in March 1957 and August 
1958. Analyses consisted of exchangeable sodium and 
potassium and soluble sodium, potassium, magnesium 
and calcium. The results are reported in Tables 9-
11. The percentage of -exchangeable sodium and po
tassium at 0 to 6 and 6 to 12-inch depths for the two 
dates are reported in Table 12. 

The exchangeable sodium In the soil was sig
nificantly increased from the use of well water in 
1957 and 1958. Additions of sulfur caused decreases 
in exchangeable sodium and potassium by March 
1957. The influence of sulfur on exchangeable sod
ium and potassium in 1957 was no longer apparent 
in 1958. 

EFFECT OF SOIL TREATMENTS AND SOURCES OF IRRIGATION WATER ON THE SOLUBLE CATION 
CONTENTS OF THE 0 TO 6 INCH DEPTH OF THE WILLACY FINE SANDY LOAM SOIL 

Water 
Soluble cations meq. per liter 

Sampled, March 1957 Sampled, August 1958 
source 

Ca++ Mg++ Na + K+ Ca ++ Mg++ Na + K + 

Canal 12.1 6.7 11.9 2.6 3.3 0.2 4.0 0 
Well 5.9 4.8 20.1 2.1 2.6 0.1 9.9 0 

Canal 2.8 2.7 5.2 1.3 2.1 · 0.9 4.8 0 
Well 4.4 4.4 22.9 2.4 2.8 0.6 8.1 0 

Canal 11.4 6.0 8.1 1.5 2.4 0.2 4.2 0 
Well 2.8 5.0 22.5 2.4 1.8 0.3 8.1 0 

Canal 40.2 11.6 5.4 3.5 2.7 0.0 4.3 0 
Well 23.2 12.1 23.5 3.6 2.4 0.3 U.8 0 
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TABLE 11. THE EFFECT OF SOIL TREATMENTS AND SOURCES OF IRRIGATION WATER ON THE 
CONTENT OF THE 6 TO 12 INCH DEPTH OF THE WILLACY FINE SANDY LOAM 

Soil Water 
Soluble cations meq. per liter 

treatment source 
Sampled, March 1957 

Ca++ Mg++ Na+ 

Canal 15.8 7.9 11.7 
No treatment Well 5.8 3.1 21.6 

Krilium 
Canal 4.1 3.9 7.5 
Well 8.6 2.9 27.9 

Gypsum 
Canal 17.5 8.2 ll.8 
Well 7.4 3.1 25.6 

Sulfur 
Canal 15.6 9.0 7.8 
Well 10.0 5.0 18.0 

The soluble sodium, potassium, calcium and mag
nesium in the soil at the 0 to 6 and 6 to 12-inch 
depths, as influenced by water sources and amend
ment treatments in 1957-58 are reported in Tables 
10 and 11. Well water caused increases in soluble 
sodium and decreases in soluble calcium and mag
nesium in the soil. In 1957 the soluble cation con
tents of the soil solution were much greater than in 
1958. 

In March 1957 soil treated with krilium and 
canal water appeared to contain less water soluble 
cations. An explanation for this is not known. How
ever, the krilium molecule may have absorbed cations 
that would normally be in the soil solution. Increas
ed microbial activity due to krilium may have caused 
a decrease in the - soluble cation content of the soil. 
It is possible that the decrease of surface crusting by 
krilium may have accelerated the leaching of soluble 
salts from the top foot of soil. 

By March 1957 sulfur had caused an increase in 
soluble calcium and magnesium of the soil and usu
ally a decrease in soluble sodium; however, in Au
gust 1958, chemical analyses of the sulfur plots show-

Sampled, August 1958 

K + Ca+ + Mg+ + Nat 

1.9 8.7 0.7 6.6 
1.5 3.3 2.1 22.1 

0.9 2.4 0.4 5.3 
2.1 8.4 2.0 19.0 

1.6 2.7 1.8 5.3 
1.5 2.7 1.0 19.3 

1.6 1.5 3.2 5.3 
1.7 6.0 2.7 25.7 

ed an opposite trend from the trend in 
use of sulfur caused an increase in 
content. This indicates the complex 
soil chemistry which took place in this 
ularly the plots receiving 3,000 pounds of 
acre. In 1957, the hydrogen ion from 
acid formed by sulfur oxidation 
calcium and magnesium on the soil 
might explain the high contents of 
and magnesium in the soil solution. 
chemical equilibrium of the plots wa 
sodium, calcium and magnesium were 
displace the hydrogen ion. The imp!" 
possible changes on the physical properti 
are discussed under "Physical Analy e ." 

Formulas proposed by the US Sa 
tory (5) were used to determine the 
tion ratios (SAR) and estimated 
changeable sodium percentage (ESP). 
used to determine the SAR and ESP 
saturation extracts also were used to 
SAR and ESP value of irrigation water. 
calcium, magnesim and sodium 

TABLE 12. THE EFFECT OF SOIL TREATMENT AND SOURCE OF IRRIGATION WATER ON THE 
OF EXCHANGEABLE SODIUM AND POTASSIUM AT TWO DEPTHS OF A WILLACY FINE SANDY 

Sampled, March 1957 
Soil Water 

0-6 inch2 6-12 inch3 0-6 inch2 

treatments source 
Na + K + Na + K + Na + K + 

Canal 13.72 13.99 5.38 8.25 3.95 8.02 5.84 
No treatment Well 25.53 14.94 16.86 9.33 10.73 7.88 14.11 

Canal 13.17 13.99 7.42 9.57 3.67 8.97 5.03 
Krilium Well 25.53 15.21 21.29 8.73 11.14 9.10 12.79 

Canal 15.62 15.62 6.82 8.49 3.53 8.15 4.78 
Gypsum Well 20.51 16.30 20.09 11.36 9.10 7.74 12.91 

Sulfur 
Canal 10.05 11.54 3.95 10.05 "3.40 7.61 4.31 
Well 18.33 9.78 11.00 9.09 10.19 7.47 12.67 

lThe estimated sodium percentage, according to the formula pr(Jposed by the U. S. Salinity Laboratory (5), for canal 
and 17.0 for well water. 

20 to 6 inch depth-exchange capacity is equal to 7.36 milliequivalents per 100 gms. 
36 to 12 inch depth-exchange capacity is equal to 8.36 milliequivalents per 100 gms. 
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13. SODIUM ADSORPTION RATIO (SAR) VALUES, 
TED EQUILIBRIUM EXCHANGEABLE SODIUM 

_1'&'.r''T'II.1 (ESP) AND ACTUAL EQUILIBRIUM EX-
SODIUM PERCENTAGES (ASP) AS INFLU-

BY SOIL AND WATER TREATMENTS AT 0 TO 
6 INCH DEPTHS 

Sampled, March 1957 Sampled, August 1958 
Water 0-6 inch depth 0-6 inch depth 
source--------

Canal 3.88 4.27 13.72 3.03 3.11 3.95 
Well 8.70 10.37 25.53 8.53 10.17 10.73 

Canal 3.13 3.25 13.17 3.93 4.34 3.67 
Well 10.90 12.91 25.53 6.23 7.35 11.14 

Canal 2.75 2.72 15.62 3.68 4.00 3.53 
Well 11.42 13.48 20.51 7.94 9.46 9.10 

Canal 1.00 0.22 10.05 3.71 4.04 3.40 
Well 5.58 6.52 18.33 10.17 12.08 10.19 

Sodium adsorption ratio (5). 
Estimated equilibrium exchangeable sodium percent-

Actual exchangeable sodium percentage. 

.,U UIIVll.lI:Uts per liter of the saturation extracts 
tion water were used for these determina

The average estimated sodium percentages for 
and well water are 4.5 and 17.0, respectively. 

and ESP values for the saturation extract 
o to 6 and 6 to l2-inch depths are shown in 
13 and 14. The actual exchangeable sodium 

(ASP) , as determined by chemical analy
compared with the estimated exchangeable 
percentage (ESP) values in Tables 13 and 

March 1957 the ASP values of the 0 to 6-inch 
were much higher than ESP values. Differ-
between ASP and ESP values were obtained 

the 6 to l2-inch depth. However, the mag
of the differences between ASP and ESP values 

14. SODIUM ADSORPTION RATIO (SAR) VALUES, 
TED EQUILIBRIUM EXCHANGEABLE SODIUM 

(ESP) AND ACTUAL EQUILIBRIUM EX
SODIUM PERCENTAGES (ASP) AS IN FLU

BY SOIL AND WATER TREATMENTS AT 6 TO 
12 INCH DEPTHS 

Sampled, March 1957 Sampled, August 1958 
Water 6-12 inch depth 6-12 inch depth 
source--------

Canal 3.39 3.61 5.38 3.04 3.12 5.84 
Well 10.24 12.16 16.86 13.48 15.70 14.11 

Canal 3.75 4.10 7.42 4.49 5.09 5.03 
Well 11.63 13.71 21.29 8.33 9.93 12.79 

Canal 3.29 3.47 6.82 3.53 3.80 4.78 
Well 11.18 13.22 20.09 14.19 16.44 12.91 

Canal 2.22 1.97 3.95 3.46 3.70 4.31 
Well 6.57 7.77 11.00 12.30 14.44 12.67 

Sodium adsorption ratio (5). 
Estimated equilibrium exchangeable sodium percent-

Actual exchangeable sodium percentage. 

of the 6 to 12-inch depth was not nearly as great as 
the 0 to 6-inch depth in 1957. 

The relationship between ASP and ESP for the 
o to 6 and 6 to l2-inch soil depths in 1957 are indi
cated in Figures 2 and 3. The slopes of the two 
equations for the 0 to 6 and 6 to l2-inch soil depths 
in 1957 are a little greater than one. This means 
that a change in the ESP of the soil was followed by 
a corresponding change in the ASP. However, when 
the ESP was zero, the ASP of the 0 to 6-inch depth 
in 1957 was approximately 10.5. When the ESP of 
the 6 to l2-inch soil depth in 1957 was zero, the ASP 
was approximately 2.0. The correlations between 
ASP and ESP in 1957 were relatively high and highly 
significant. 

In 1958 the magnitudes of ASP and ESP values 
were comparable, even though differences were ob
tained. The relationship between ASP and ESP for 
the 0 to 6 and 6 to l2-inch soil depths in 1958 are in
dicated in Figures 4 and 5. The slope for the two 
equations indicated in Figures 4 and 5 for the 0 to 
6 and 6 to 12-inch soil depths in 1958 are over 0.5 . 
This means that changes in ASP were approximately 
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?ne-half the changes in the ESP. The ASP is approx
Imately 2 or 3 when the ESP is zero, according to 
Figures 4 and 5. The r values between exchangeable 
and estimated exchangeable sodium percentage in 
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1958 were not nearly as high as in 
highly significant. 

Obviously, the relationships 
ESP of soils in 1957 and 1958 were 
dicated previously. Rainfall 
March of 1957 were different from the 
ditions in 1958. This probably had a 
fluence on the exchangeable sodium 
the soil. The year preceding March 
dry. This may explain the great d' 
the ESP and ASP values. On the 
time between March 1957 and A 
period of heavy rainfall. 

The ESP for irrigation water 
ASP values in much the same 
values obtained from the saturation 

TABLE 15. PERCENT ORGANIC 
WATER QUALITY PLOTS AT DEPTHS 
6 TO 12 INCHES AS INFLUENCED B 

AND DATES OF SAMPUN 

Soil Water 9/29/ 55 
treatments source Depth 0-6 

inches 

Canal 0.85 0.83 
No treatment Well 0.99 0.84 
Average 0.92 0.84 

Krilium 
Canal 1.03 0.85 
Well 0.91 0.86 

Average 0.97 0.86 

Gypsum 
Canal 0.92 0.77 
Well 0.92 0.85 

Average 0.92 0.81 

Sulfur 
Canal 0.89 0.77 
Well 0.94 0.77 

Average 0.92 0.77 



TABLE 16. CORRELATIONS BETWEEN MODULUS OF RUPTURE (MILLIBARS) VALUES AND EXCHANGEABLE 
SODIUM (MEQ. PER 100 GMS.) AS DETERMINED BY STATISTICAL ANALYSES 

Sampling date - September 1956 
AlF 

0.45 
0.05 

No treatment 

0.85 
0.01 

Krilium 

0.74 
N.S.2 

Sulfur 

0.16 
N.S. 

Gypsum 

0.66 
N.S. 

Sampling date - September 1956 

0.63 
0.01 

0.84 
0.01 

0.64 
N.S. 

0.39 
N.S. 

0.47 
N.S. 

Sampling date - September 1958 

0.67 
0.01 

0.74 
0.05 

0.64 
N.S. 

0.90 
0.01 

0.84 
0.01 

Sampling date - September 1958 

0.82 
0.01 

0.90 
0.01 

0.87 
0.01 

0.86 
0.01 

0.83 
0.01 

Sampling date - September 1958 

observations or comparisons 

0.72 

0.01 
32 

to an average for all soil and water treatments. 
N.S. = Not significant. 

Organic matter analyses were made in Septem-
1955 and August 1958. The low organic matter 

of the Willacy fine sandy loam, which are 
in Table 15, suggest that soil structure prob-

could become important on this soil. Results 
that lettuce or cabbage followed by cotton 

significant reduction in the organic content of 
soil at both the 0 to 6 and 6 to 12-inch depths. 

differences were small but amounted to ap
ly 2,500 pounds of organic matter per acre 

6 inches of soil. This reduction, though small, 
have a significant influence on chemical and 

. properties of sandy soils. 

Physical Analyses 

of rupture determinations were made 
and 1958, and the results are shown in Fig-

6, 7 and 8. :Modulus of rupture is considered a 
of the degree of crusting (6). Factors which 

modulus of rupture values are (1) type of 
and/or orientation between soil particles, (2) 

texture, (3) type ancl amount of day, (4) amount 
kind of cations or anions in the soil and (.r)) or

matter content. Variables which seemed to in
these factors and modulus of rupture values 

in this investiga tion ,,,'ere source of water, 
ment treatments, soil depth, cropping system 

years. 

The use of well water caused significant increases 
modulus of rupture values. ' The force in 

required to break the hriquets formed from 
treated with well water was often greater than 

the force required to break briquets formed 
sod treaten with canal water. 

0.76 

0.05 
8 

0.92 

0.01 
8 

0.36 

N.S. 
8 

0.92 

0.01 
8 

Amendment treatments often had a profound 
influence on modulus of rupture values. Kriliurn 
ann sulfur signiticantJy decreased tne modulus of rup-
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sandy loam as influenced by water source and amendment treat· 
ments, soils depth 0 to 2 inches. 
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ture values of the 0 to 2 inch layer when measured 
in Septemoer, 1950. Soil crustIng was markedly de
creased by krilium. Sulfur also decreased soil crust
ing but not to the same extent. The influence of 
krilium was limiteJ to the 0 to 2 inch layer, whereas 
sulfur influenced modulus of rupture values to a 
depth of at least 18 inches in 1956. Modulus of rup· 
ture values were not obtained for lower soil depths. 

Krilium continued to be effective in decreasing 
modulus of rupture at the 0 to 2 inch depth in 1958. 
In the same year, the influence of sulfur in reduc
ing crusting was no longer apparent. In some in
stances it caused an apparent increase in the breaking 
strength of the briquets. The amendments caused 
changes in the amount and kind of cations on ~he 
exchange complex and within the soil solution. Ex
changeable and soluble sodium in the soil, as pointed 
out previously, was influenced by the additions of the 
various amendments. Sodium had a profound influ
ence on breaking strength. The correlations between 
modulus of rupture and exchangeable sodium are In

dicated in Table 16. 
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Figure 7. Average modulus of rupture of Willacy fine 
sandy loam as influenced by water source and amendment treat· 
ments, soil depth 6 to 12 inches. 
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Obviously, these two factor are 
However, the r values between 
and exchangeable sodium varied with 
and amendment treatments. The 
in r values occurred under the sulfur 
at the 0 to 2 inch depth. The soil 
o to 2 inch layer, which was treated 
changed from September, 1956, to 
as indicated by correlative value. 
modulus of rupture analyses also 
currence. 

Generally, gypsum seemed to i 
of rupture values. The reason for thi 
not known, but gypsum may have . 
face area in the soil due to its colloidal 
creased surface exposure between the 
fractions and fine gypsum particles may 
vated the hardpan that seems to develop 
acy fine sandy loam soil. This might 
reasons gypsum caused small reduction in 
cabbage yields in 1955 and 1958, 
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THE MEAN WEIGHT DIAMETERS IN MILLI· 
SOIL AGGREGATES TAKEN FROM THE 

AMENDMENT EXPERIMENT IN 
MARCH 19561 

Water source 

Canal Well 

0.16 0.18 
0.442 0.752 

0.19 0.20 
0.18 0.19 

weight diameter of soil 

system also seems to have an in
modulus of rupture values, but further 

are necessary to ascertain this relation
, during the course of this study, an 
and vegetable rotation for a period of 
a great increase in modulus of rupture 
ted in Figures 6, 7 and 8. Such fac

salt accumula ti9ns and a decrease 
matter probably contributed to this 

though the magnitude of the changes 
were not too great. Modulus of rup

strength changed many fold. Such 
may have been due to poor structure 

brought about by continuous cropping of 
cotton followed by lettuce or cabbage. 

by Khan (2) on the same type of soil 
couon-vegetable rotations caused de

in soil tructure. 

of rupture values increased with soil 
an increase may have been due to a de

. matter and an increase in clay with 
Soil textural changes usually occur at 9 
in the soil under study. 

treated Willacy fine sandy loam 
plots under study contained less than 2 

table aggregates. Therefore, this soil 
a ingle grain structure. The average 

of oil aggregates of the soil surface 
are shown in Table 17. Krilium sig

aggregate stability of the soil sur
, results do seem to indicate that ag

ty is probably not a good measure of 

'UI~K.J\.ljt FIELD CAPACITY, 15-ATMOSPHERE 
AND AVAILABLE SOIL WATER AT 

DIFFERENT DEPTHS 

Average Available 
15-atmosphere soil moisture, 

percent moisture inches 

5.3 1.71 
8.2 1.43 
9.1 1.27 
8.6 1.38 
8.6 lAO 

structural changes on soils such as the Willacy fine 
sandy loam. Studies of the influence of cropping sys
tems on soil physical properties of the Willacy fine 
sandy loam by Khan (3) also indicated that aggregate 
stability analyses was not indicative of soil structural 
changes. 

The 15-atmosphere percentage and field capacity 
of the Willacy fine sandy loam at this location are 
reported in Table 18. Available inches of water held 
by the soil did not change appreciably with depth. 
The surface foot of soil held slightly more available 
soil moisture, and soil moisture percentages at field 
capacity were almost equal at all depths. 

Bulk density determinations were obtained when 
the test was initiated in 1954 and following the cot
ton crop in 1958 as indicated in Table 19. The dif
ferences obtained were small and are probably due 
to chance and not due to treatments. 

Soil penetrometer measurements were made in 
1958 and are reported in Table 20. Sulfur seemed to 
cause a slight increase in the force required to pene
trate the soil at all depths. 

Water infiltration rates, using ring infiltrometers, 
were determined in 1958. The infiltration rates were 
slow under all treatments as indicated in Table 21. 
The use of well water significantly decreased water 
intake at the 10 percent level. Check plots irrigated 
with canal water usually had a higher infiltration 
rate than similar plots irrigated with well water. 

The slow infiltration rate, approximately 0.5 inch 
per hour, was probably due to the occurrence of a 
compacted layer in Willacy fine sandy loam. The 

TABLE 19. THE EFFECT OF SOIL TREATMENTS AND 
SOURCE OF IRRIGATION WATER ON BULK DENSITY, 

GRAMS PER CUBIC CENTIMETER 

Soil Water Depths in inches 

treatment source 0-6 6-12 12-24 24-36 36-48 48-60 

- - - - - Year - 1958 - - - - -

Canal 1.51 1.57 1.55 1.56 1.62 1.53 
No- treatment Well 1.45 1.60 1.55 1.66 1.69 1.74 

Krilium 
Canal 1.49 1.59 1.55 1.59 1.62 1.44 
Well 1.49 1.61 1.47 1.61 1.57 1.52 

Gypsum 
Canal 1.49 1.60 1.56 1.58 1.59 1.63 
Well 1.51 1.63 1049 1.62 1.60 1.60 

Sulfur 
Canal 1.59 1.52 1.55 1.53 1.62 1.57 
Well 1.45 1.60 1.53 1.58 1.61 1.58 

Overall average 1.50 1.59 1.53 1.60 1.62 1.58 

Average canal water 1.52 1.57 1.55 1.57 1.61 1.54 

Average well water 1048 1.61 1.51 1.62 1.62 1.61 

- - - - - Year - 19541 
- - - - -

Average 1.51 1.59 1.55 1.52 1.56 1.56 

1 Average bulk densities before starting the experiment. 
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TABLE 20. TOTAL NUMBER OF STROKES REQUIRED FOR VARIOUS AMENDMENT AND WATER 
MENTS IN 19581 

Depth, 
Soil amendments and water quality treatments 

feet 
No treatment Krilium Sulfur 

Canal Well Canal Well Canal Well 

0-1 6.1 5.9 6.1 5.9 7.2 7.2 
1-2 10.1 10.3 8.7 9.6 10.7 11.4 
2-3 14.9 13.2 13.1 14.5 16.6 18.1 
3-4 14.9 18.4 14.7 15.5 17.3 17.6 

lOne stroke is equal to a 15-pound hammer raised 1 foot and allowed to fall free on a 4-foot Veihmeyer soil sampliDc 
outside diameter). The soil was near field capacity at the time of determination. 

depth of the compacted layers in the Willacy fine 
sandy loam varies with locations but usually occurs at 
4 to 10 inches. The intensity of the compacted layer 
varies, but cropping system probably influences the 
intensity of the hardpan. The cotton and vegetable 
rotation probably intensified the hardpan which re
sulted in very slow water intake by the soil. Previous 
work by Khan (2) seems to indicate also that the 
hardpan in Willacy fine sandy loam is intensified by 
a cotton and vegetable rotation. 

TABLE 21. INFILTRATION OF WATER IN WILLACY 
FINE SANDY LOAM AS INFLUENCED BY WATER 

QUALITY AND SOIL AMENDMENTS TREATMENTS1 

Treatment9 
Intake in inches per hour 

Canal water Well water Average 

No treatment 0.67 0.43 0.55 
Gypsum 0.54 0.50 0.52 
Sulphur 0.64 0.68 0.66 

Krilium 0.49 0.45 0.47 
Average 0.58 0.51 

1Duplicate determinations and average from four replications 
obtained in March 1958. 

2Amendment treatments N.S. 

aWater treatments N.S. at (0.05) but at (0.10). 
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Definition of ~ 
A m endments refer to compounds 

added to the soil for the purpose of . 
ductivity. 

Bulk density is the mass per unit 
soil that has been dried to constant 
C.l 

Electrical conductivity is used to 
salt concentration in water solutions sin 
related to the amount of dissolved salt. 

Evapotranspiration refers to the 
used in evaporation and transpiration. 

Evaporation refers to the moisture 
free water surface or a fallow or barren 

Exchange capacity is the total 
changeable cations that can be held by 
is expressed in terms of milliequivalents 
of soil (meq./100 gms.) . 

lDefinitions prepared by the Soil Science 
Terminology Committee. D. G. Aldrich 
Proc. 20:430-440. 1956. 



ble cation is a positively charged ion 
which is attached to the surface of the 

which can be exchanged with other ca
oil olution. 

hie sodium percentage is the degree of 
..... ,,, ..... , .. of the soil exchange complex. 

capacity is the amount of water remaining 
. soil when the velocity of downward 

un aturated soil has become small. It is 
as a percentage of weight of oven-dry soil.1 

atmosphere percentage is the moisture 
of a soil sample which has been wetted 

to equilibrium in a pressure-membrane 
at a pressure of 221 pounds per square inch 

'on rate is the maximum rate at which 
a given condition at a given time, can ab-

. lent is the weight of an element or 
react with one milligram-atomic weight 

of rupture is a measure of the breaking 
materials expressed in force per unit area 

per million (p.p.m.) is the weight units per 
units of soil, oven-dry basis.! 

is the negative logarithm of the hydro
of a soil.1 

'c matter refers to plant and animal 
stages of decomposition, cells and 

organisms and substances synthesized by 
tion.1 

ure refers to the size, shape, stability 
arrangements of naturally occurring soil 

ASP 

Ca++ 

ECP 

Abbreviations 
Actual exchangeable sodium percentage as 
determined by chemical analysis. 
It is defined as follows: 

Exchangeable sodium (meq j 100 gm. soil) x 100 

Cation exchange capacity (meqj 100 gm soil) 

calcium ion 

Exchangeable cation percentage is the de
gree of saturation of the soil exchange com
plex with a cation. It is defined as follows: 

Exchangeable cation (meq j ] 00 gms of soil) x 100 

Cation-exchange capacity (meq j 100 gms of soil) 

ESP = Estimated exchangeable sodium percent
age (5). It is defined as follows: 

100 (-.0126 + .01475 SAR) 

I + (-.0126 + .01475 SAR) 

gm. = grams 

gm./cc. = grams per cubic centimeter 

K + = potassium ion 

meq. I 1 = milliequivalents per liter 

meq.flOO = milliequivalents per 100 grams 

Millibar = 1,000 dynes per square centimeter 

Mg+ + = magnesium ion 

Na+ = sodium ion 

p.p.m. = parts per million 

SAR = Sodium absorption ratio. (5) It is defined 
as follows: 

Na+ (meqjl) 

Ca++ (meqjl) + Mg++ (meqjl) , where 
2 

Na+, Ca++, Mg++ represent the concentra
tion in milliequivalents per liter of respective 
ions in the soil solution. 
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