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ing 30 ppm at maturity The copper content of leaves
and stem was slightly higher for abowt first 30 days
but remained at 13 ppm in steny, 12 ppm in leaves and
G ppm in fruiting pacts &l maturity

The dwarf and compact cuitivar 'PSH' on unit area
basis removed appreciably less quantities of nitrogen,
phosphorus, potash, calcium, magnessium, manganesc
and zinc except copper, with higher nitrogen efficiency.
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A new method for tracing nitrate mo-
vement in soil*

Sumarie. Se ilevaron a cobo investigaciones de compc
y de laboratorio para probar el ion tiocionate (SCN) come
trozoder pore el fon nifroie {NOJ en estudios de lixivia-
cién  los resuliados en los que se usd tiocianato fueren
relocionados o oquellos en que se usé nitrato en estudios
de lixiviacién y percolacién  Ademaés, el tiocionato podria
ser usado en estudios de movimients de aguo y de eva-
potranspiracian

Nitrate ion (NO*-) itself, chloride (Cl-) ion and
others have been used to monitor nitrate leaching in
soil. But these jons naturally seside in soil, which made
estimate of leaching more difficult. The present study
introduced the thiocyanate ion (SCN-) as a tracer for
nitrate in soil. Thiocyanate does not reside naturally in
soil It can be easily removed from soil after applica-
tion by water extraction and determined colorimetrically
by the addition of a drop of fesric chloride

Soil Colunni Tests.

The relative miscible displacement patterns of ni-
trate and thiocyanate were compared by adding a mix-
ture of the two ions to the tops of columns of soil.
The mixture was feached and equal volumes of effluent
were collected Thiocynate colour was developed by
adding a drop of 0.5 N ferric chloride to 5 ml of
effluent Nitrate was determined by the phenoldisul-
phonic acid method. Wavelengths on spectrophotometer
were set at 410 pm for nitrate determination and at
470 gun for thiocyanate determination.

Apart from the small amount of nitrate in soil and
errors of measurement, the concentrations of nitrate
and thiocyanate in successive volumes of effluent were

% The author is beholden to Professor W, V. Bartholomew. Visi-
ting professor from Noth Carolina University, Releigh U5 A
for his guidance during this study



82 TURRIALBA: VOL 29, NUM. 1, TRIMESTRE ENERO-MARZO 1979

similar. The results of a typical study ate shown in
Table 1 when the ions were applied at the top of a
dry soil columa

That thiocyanate was detected in the fiest effluents
collected in column experiments shows that like nitrate
(1), thiccyanate moves with water In similar trials
with horizontal soil colummns applied thiocyanate was
detected at the wetting fronts of sandy loam and fine
sand soils. Water was moved along the soil column
52 cm long and 3 cm wide Readings in absorbance
after water extraction for samples collected at 4 cm
mtervals varied from 0.315 near point of thiocyanate
application to 190 at the wetting front. The equivalent
values for a fine sand column were 028 and 2 00

Freld Locations and Procedures

Two fieid sites at about 180 km apait were employ-
ed during the 1975 cropping season. One situated at
Ibadan was on Alfisol of the Iwo series, and the other
situated at Tkenne, was an Ultisol (oxic) of the Iju
series. At the onset of the study both sites were planted
to maize in the early season. During the late season
beans were planted at Ibadan and cowpeas at Ikenne
The textute of the soil within the first 30 cm of the
sites is a sandy loam, although it was coarser at Ibadan

In the movement studies given volumes (2-3 mi)
of thiccyanate solution were placed at 10, 20 and 30
cm depths in the soil at weekly intervals at two sites
selected at random in each field Slow placement of
thiocyanate was petformed using 0164 cm  plastic
pipettes that were left in the field to mark the points
of entry. The initial mean points of distribution were
somewhat below the points of entry, the distances below
in each instance being related to the soil water contents
at the time of injection.

Movement observation were made at the end of
each week by opening a shallow pit adjacent to the
injection sites. Small samples of soil were taken at and
in sequence below and above the points of injection

Table 1 —Relative concentration of SCN and NOQ, in
effluent solutions.

. Relative absorbance
Ity successive
20 mil velumes
of efffuent for for
SCN NOz
1st - e 088 087
2nd } . . 083 091
3rd . e 082 092
dth e 073 074
5th e 042 043
Gth A ‘ 030 028
7th _ R 024 0.27
8th e . 022 0.21
otk o 0.21 019

by using a 16 cm diameter cotk to remove about 6 cc
of soil. Soil samples were extracted with water and
thiocyanate colour was developed.

Revults and Discusiion

At Tkenne there were 42 movements chservations at
cach placement depth during a period of 21 weeks.
At Ibadan site there were 48 movement observations
for each depth of placement during 2 period of 24
weeks At both field sites the differences in movement
were not statistically significant among the three depths
of placement.

The weekly measurement of distance of thiocyanate
movement for each depth at each site were added, and
the means for the two sites and the three depths were
found. The distances of thiocyanate movement under
seasonal crop production are shown in Table 2 for

Table 2 -—Vertical movement of thiocyanate tracer at different situation and rainfall regimes

Lacation T rentoment Periad (1975) Rainfall Dirainage® Vertical Movement

fem) {cm} water (cm)
toadan. .. .. Maize May to Aug 499 376 1343
Ibadan...... Beans Sept to Nov 297 12.6 45.1
thadan ... Bare fatlow Sept to Nov 297 183 63.5
Ikenne .. .. . Maize May to Aug 46 i 163 96 0
lkenne . Bare fallow May to Aug 6.4 196 1152
Ikenne . Cowpea Oct. to Dec 188 635 39.2

* Caleulated by uwsing respective field copacity {96) .
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the two field sites. The results could have been exag-
gerated since the depths of measurement did not em-
brace ail of the root zone of the cereal crops which
sometimes extend to 1 m (for maize) Evapotranspira-
tion due to roots would certainly reduce leaching

However the data shown agree with the few sea-
sonal distances of downward movement of nitratc
already in literature. It has been suggested that appre-
ciable amount of nitrate could be leached below a depth
of 120 cm in a cropping season in East Africa (4).
Generally evidence in literature (6) indicates that under
rainfall regimes 50 - 100 cm in the tropics nitrate
nitrogen will be moved downward between 50 - 100
cm.

Regression of the weekly distance (Dem) of thio-
cyanate movement on weekly rainfall (Rem) was per-
formed for each depth at the two field sites. On several
cceasions the rainfall data could not be accurately re-
conciled with the time petiods for movement observa-
tion. In those instances biweekly values were employed
in the regression analyses The regression coefficients
tor 10, 20 and 30 cm depths at Ibadan were respec-
tively 396, 3.33 and 2 54, while r (correlation coef-
ficient) values were 0.87, 0.76 and 076 The equi
valent r values for Ikenne were 091, 0.88 and 0 90.
Bates and Tisdale (2) bad recorded a correlation of
0.96 for rainfall and nitrate movement. The combined
regression equations for Ibadan and Ikenne were res.
pactively,

Do 339R — 573 (x = 078)
D = 310R — 560 {r = 089)

The above equation indicate a strong relationship
between thiocyanate leaching and rinfall. It is shown
that 2 1 cm rainfall above threshold amount could move
thiocyanate (as « tracer for nitrate) by 3 cm.

The threshold fainfall (when upward or zero thio-
cyanate movement was recorded) at Ibadan was avera-
gely 1.69 cm/week. Upward or zero nitrate movement
in soil would normally occur when evapotranspiration
exceeds water supply at a point in soil The mean
weekly potential evaporation recorded at Ibadan (3)
for the experimental periods in 1975 (9/5/75 to
24/10/75 and 5/5/75 to 29/9/75) were respectively
237 and 221 cm/week Smith and Montgomery (5)
provided monthly means for Ibadan covering a number
of years. Tor the season of the experimental work, May

through September, the weekly average was 2 59 cm.
If the above figures are compared, it could be said
logically that 75 per cent or more of water loss by
evapotranspiration occuried from the 0-30 ¢m depth
under cereal Most of the rools of cultivated crop reside
in the upper 10-20 ¢m horizen (1)

Apart from being a good tracer for nitrate, thio-
cyanate could be used also in evapotranspiration and
water movement studies It should be possibie to dis-
tinguish and evaluate the root zone characteristics of dif-
ferent soils and climatic regions and of the several
kinds of crop plants.

Sorranary

Positive field and laboratory investigations were
carried out to test thiocyanate fon (SCN-) as a tracer
for nitrate ion (NO,~) in leaching studies. Results
using thiocyanate were related to that using nitrate in
leaching and percolation studies. Thiocyanate could in
addition be used in water movement and evapotranspi-
ration studies.
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