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THE INFLUENCE OF MINE WATER SPRINKLING ON POTATO YIELD AND QUALITY
AND SOIL pH
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A bstract In the years 1987-89 in Chelm Re-
gion, a field experiment was conducted on sprinkling pota-
to with salty water coming from a coal mine in Bogdanka,
with mine water diluted with drinking water (1:1) and fi-
nally with drinking water, compared to unirrigated object.
Potato sprinkled with mine water gave a significantly lo-
wer crop as well as dry matter content and starch. This
water type brought about increase in Na, K, P content and
Ca, Mg decrese in tubers as againts the control. Mine wa-
ter showed a high pH value in KC1 (8-8.5) and it signifi-
cantly affected (after 3 years, application) lowering of soil
acidification in 20 cm layer and in 20-40 cm interval. In
the first layer pH increased from 4.5 t0 5.5 while in the ot-
her from 4.5t05.1.
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INTRODUCTION

The problem of salty water used for culti-
vated plants sprinkling has still been a questio-
nable issue. The available literature offers
rather scant information dealing with this prob-
lem [5,6,9]. Mine water salinity results mainly
from Cl" and Na* ions content that limits its pra-
ctical use in plant production. According to the
Polish regulations, water in which chloride con-
tents exceed 400 and sodium 150 mg/1 can not
be used to irrigation in agriculture (Government
Gazette, 1991, No 116, entry 503).

However, chloride ions compared to so-
dium ones, undergo faster washing out of soil
complex, yet, they cause unfavourable yielding

of plants like cucumber, tomato, tobacco and
potato [11].

Sodium is an essential macroelement in
animal feeding. Na content in dry matter feed
should range from 0.15 to 0.25% [7,12].
Sprinkling with salty water of high amount of
Na* can have a disadvantageous impact on soil
processes. Higher sodium content in sorption
complex deteriorates the physical properties of
soil, incites its compactness due to crumb structu-
re destruction resulting from dispergation of col-
loids that bind cloddy agregates [3,11].

In the Bogdanka mine about 3.154 min m>
salty water is obtained annually. Owing to pre-
cipitation deficiency during the vegetative se-
ason in this region, there were some researches
undertaken on agricultural usuability of mine
water. Their objective was to compare yielding
and potato quality (Solanum tuberosum L.) un-
der the conditions of sprinkling with water of
various origin,

The investigations were carried out due to
the commission of the Institute of Mining in
Katowice.

METHODS

In the years 1987-89 in Zarébka country,
Chetm Region, there were investigations
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performed on Norfolk four-cross rotation with
the following plants: potato (San variety),
spring barley (Ars variety), red clover (Hruszo-
wska variety), winter wheat (Emika variety).

The experiment was set up after a randomi-
zed blocks method, in 4 replications, on a good
wheat complex soils of the mentioned below
mean values of nutrients available in 100 g of
20 cm layer: 16.5 mg P,05; 15.1K,0; 1.8 Mg at
pH 4.5 in KCl, while in 20-40 cm level: 5.6-
P,0s; 6.3-K,0and 1.5 Mg at pH 4.5 in KCI.

This experiment was performed on the plots
of 32 m? each, with 6 m space isolation between
the folowing sprinkling variants: A - class-mine
water, B - class-mine water diluted with drinking
water in 1:1 ratio (mixed water), C - drinking
water (Ist class of water purity), D - control va-
riant (no sprinkling). At potato vegetative se-
ason there was applied from 60 to 90 mm water,
depending on soil moisture (under 60 % of field
water capacity) in one dose beneath 30 mm.
Each sprinkling had been preceded by chemical
analyses of water, after the experiment comple-
tion soil pH was estimated on the A, B, C, D ob-
jects (1990).

Potato cultivation and fertilization were
conducted according to agrotechnical instruc-
tions [5]. Having crop estimated, some tuber
samples were collected for chemical analyses
and then a dry mass content was determined
(according to dryer method); starch (Reimann-
Parow’s balance); nitrogen (Kjeldahl’s met-
hod); P (photocolorimetric method); K, Ca, Mg,
Na (AAS method).

Moreover, potato tubers were reported to
be infected with the diseases: late blight (Phy-
tophtora infestans Mont. de Barry), scab (Strep-
tomyces scabies Thaxt) and rhizoctoniose
(Rizoctonia solani Kuhn).

Tuber crops, macroclements content as well
as soil pH were worked up statistically applying
the analysis of variance and the least significant
difference (LSD, ¢s) after Tukey’s test.

RESULTS

Mine water employed in sprinkling is cha-
racterized by a high content of CI ions (822-
936 mg/l) and Na* (669-785 mg/1). A chlorine
content surpassed twice over the values of wa-
ter admissible to irrigation while a sodium con-
tent reached fourth or fifth over that (Table 1).
Mixed water contained 452495 mg CI” and
367426 mg Na* in 1 liter, whereas drinking
water was entirely suitable for plant irrigation,
It should be emphasized that mine water sho-
wed a basic reaction (pH 8.2-8.5), higher than
drinking water one (pH 7.4-7.8).

The highest mean crops of potato were ob-
tained in 1987, exceeding significantly the re-
sults of 1988 and 1989 (Table 2). Alike in 1989
when tuber yields were higher significantly,
compared to crop in 1988, The weather condi-
tions from March to September did not diffe-
rentiate crops in a significant way on the
unirrigated object in 1987-89 (Tables 2, 3).
Hence, varied potato crop resulted from sprin-
kling with mine, mixed and drinking water.

The highest mean crops of tubers were
acquired at sprinkling with drinking water

T able 1. Chemical composition of water used for sprinkling

Year Water pH Tons content in mg/l
ype total cr SO, HCO;  Na' K* ca*  Mg*
A 85 23481 9275 394 5385 771.2 19.9 19.3 13.3
1987 B 8.1 1517.4  490.2 15.3 514.1 4153 8.2 511 19.7
C 7.7 695.3 328 0.0 491.2 378 038 98.1 27.1
A 8.2 2097.8 8220 61.8 480.5 668.7 11.1 35.9 14.4
1988 B 79 13884  451.6 235 454.6 367.5 8.8 56.9 21.8
C 7.4 630.1 39.7 . 435.5 189 6.3 90.2 33.6
A 83 24262 935.6 64.3 583.8 785.2 15.0 48.8 17.8
1989 B 8.0 1592.6  494.7 305 553.8 4257 72 48.0 29.5
C 7.8 7259 17.5 6.6 527.8 50.7 1.4 84.8 33.1
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(35.5 t/ha). This crop surpassed significantly
the corresponding results from A and D objects.
However, no statistically based difference was
recorded between a drinking water combination
C, mixed B and mine water combination A, mi-
xed B and control D,

T able 2. Potato yields and contents of dry mass and
starch in tubers

Year Water Yield Drymass Starch
type (t/ha) (%) (%)
A 38.6 213 13.8
B 40.5 219 15.7
1987 C 39.7 220 172
D 314 226 19.6
X 375 219 16.6
A 21.9 16.8 125
B 253 19.7 138
1988 C 314 20.3 15.1
D 317 237 17.8
X 27.6 20.1 14.8
A 28.7 17.4 11.1
B 316 21.2 15.9
1989 C 354 21.1 16.8
D 321 219 16.0
X 319 20.4 149
A 297 18.5 12.5
X B 325 209 15.1
1987-1989 C 355 21.1 16.5
D 317 227 17.8
X 32.3 20.8 15.4
LSDg.0s between:
water type 33 1.8 1.4
years 3.6 - 1.6
waler type x years 6.1 - 2.5

Irrespective of water type, the greatest
yield farming effects of sprinkling were obtai-
ned in 1987 and the poorest in 1988.

In the years 1988-89, mine and mixed wa-
ter exerted a negative influence on potato crop
as againts the control object. Probably these re-
sults are connected with a consequent negative
reaction of mine and mixed water in field crop
rotation.

The greatest content of dry mass and starch
was determined in unirrigated potatoes (D).
Therefore a significant decrease of the mentio-
ned components arose from mine (A) and mi-
xed water (B) sprinkling. Regarding (A)
component, dry matter increased by 4.2 % and
starch by 5.3 % while at (B) 1.8 and 2.7 %, re-
spectively. From that statement it follows that
mine water exerted a more negative influence
on starch content than on dry mass.

Sprinkling brought about growth of phy-
tophtora infection of tubers (Table 4). The ut-
most intensification of the disease was recorded
in 1988 when in July deficiency of soil moisture
accounted for sprinkling. Having performed
that operation, in August high precipitation rate
together with irrigation and adequate tempera-
ture (Table 3) concurred to late blight develop-
ment and a substantial decline of yield. However,
sprinkling limited putting tubers to scab that
breeds better in dry conditions. Analyzing Ri-
zoctonia infection of potato only a slight ten-
dency of growth following sprinkling could be
observed (Table 4).

Out of 6 macroelements determined in po-
tato tubers, as many as 5 (P, K, Ca, Mg, Na) sho-
wed significant changeability induced by

Table 3. Precpitation and air temperature distribution from March to September in 1987-1989 (after the Meteorologi-

cal Station in Piaseczno)

Specifications Year Months
1 v VI VIl Vi IX Total
Sum of monthly 1987 421 35.3 412 573 58.4 444 394 3241
precipitation 1988 349 35.0 39.8 754 48.4 936 470 3641
(mm) 1989 236 20.4 325 90.2 375 1007 344 3393
Number of days 1987 17 1 12 10 10 12 12 84
with precipitation 1988 24 4 7 14 5 8 1 7
1989 9 6 7 1 10 10 7 60
Monthly mean of 1987 40 6.7 13.0 17.0 18.8 15.3 127 114
air temperature 1988 08 70 149 16.3 19.7 17.6 13.1 127
C) 1989 46 9.9 142 16.0 18.5 17.4 142 135
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T able 4. Potato tubers infected with diseases

Year Water Tubers infected with Tubers infected with Tubers infected with
type Phytophthora infestans Streptomyces scabies Rizoctonia solani*
(%) (%)
A 1.0 35 84
B 1.3 34 84
1987 C 0.0 32 8.4
D 0.0 40 8.0
X 0.6 35 8.2
A 220 35 8.9
B 214 35 7.8
C 20.2 37 6.8
1988 D 84 51 71
X 18.0 39 15
A 5.1 32 55
B 52 36 6.0
1989 C 5.0 38 7.0
D 28 48 6.9
X 45 38 6.3
A 9.4 34 7.6
X B 9.3 35 714
1987-1989 C 9.1 36 74
D 317 46 1.3
X 7.9 38 14

*in 9-degree scale (1-strongly infected, 9-healthy).

sprinkling (Table 5). The highest percentage of
phosphorus in tubers proved to appear in a mine
water combination while significantly lower in
C and D variants. Potassium concentration in
potato depended on sprinkling, time and syner-
gistic activity of the mentioned factors. The gre-
atest K content was established on mine water
objects whereas the lowest at the control. How-
ever, the highest amount of potassium in tubers
was determined in 1988 when the poorest crop
was recorded.

Mine water (A and B) increased signifi-
cantly Ca concentration in tubers as against
drinking water and they lessened it compared to
control. Mg content was significantly higher in
potatoes irrigated with drinking water and un-
sprinkled. _

The sodium percentage in plants sprinkled
with A and B water augmented regularly in the
successive years. The 3-year data demonstrate
that potato sprinkled with mine (A) and mixed
(B) water showed a significantly higher con-

centration of sodium in comparison to other ob-
jects (C and D).

Sprinkling performed in the years 1987-89
brought some significant changes in soil pH
(Table 6). The highest pH increments regarded
the objects sprinkled with mine and mixed wa-
ter. The water is characterized by higher, alkali-
ne reaction than drinking water owing to a
greater sum of cations. The pH changes revela-
ted similar tendencies in both soil layers, i.e.,
0-20 and 20-40 cm.

DISCUSSION

Mine water showed high sodium and chlo-
rine content as against water admissible to agri-
cultural plants irrigation (Gov. Gazette, No 116,
entry 503). Mine water diluted with drinking
water (1st purity class ) in 1:1 ratio, has not pu-
rified it fully to be applied in sprinkling.

The crop of potato tubers sprinkled with
mine water was significantly lower than that
obtained for drinking water. Thus, a negative
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T able 5. Macroelement content in potato tubers

Year Water in % of dry mass
t
P N P K Ca Mg Na
A 1.48 0.38 3.15 0.07 0.10 0.048
B 1.54 0.37 3.04 0.07 0.10 0.035
1987 C 154 0.35 278 0.06 011 0.034
D 1.62 0.36 2.96 0.08 0.12 0.035
X 1.54 0.36 298 0.07 0.11 0.038
A 1.72 0.41 3.15 0.07 0.10 0.057
B 15.8 0.38 3.61 0.06 0.11 0.046
1988 C 1.81 0.34 3.30 0.06 0.14 0.016
D 1.55 0.34 2.87 0.09 0.13 0.018
X 1.66 0.37 323 0.07 0.12 0.034
A 1.75 0.39 291 0.07 0.11 0.124
. B 1.59 0.32 2.39 0.07 0.10 0.110
1989 C 1.55 0.32 2.39 0.06 0.11 0.057
D 1.56 0.32 222 0.08 0.11 0.047
X 1.66 0.34 248 0.07 0.11 0.084
A 1.65 0.39 3.07 0.07 0.10 0.076
X B 1.57 0.36 3.01 0.07 0.10 0.064
1987-1989 C 1.63 0.34 2.82 0.06 0.12 0.036
D 1.58 0.34 2.68 0.08 0.12 0.033
X 1.61 0.36 2.90 0.07 0.11 0.052
LSDo.osbelween:
water type 0.04 0.28 0.008 0.01 0.005
years 0.33 0.007
0.48 0.015

water type x years

T able 6. Changes in soil pH caused by 3 years sprin-
kling

Soil level
Soil pH
0-20 cm 20-40 cm
Before sprinkling 43 4.5
After 3 years
sprinkling
A 55 5.1
B 54 53
C 52 49
D 4.6 4.5
LSD 0.45 0.38

impact of chlorine on yielding became evident

and that was confirmed in other works [3,5,12].
Irrigation brought about reduction of plant

dry mass and that statement was also proved by
other authors [1-3,5,10]. In our experiment it

was found out that mine and mixed water decre-
ased dry matter content in a greater part in com-
parison with drinking water. Such dependence
also appeared in case of potato starchiness but
with higher intensity. The lowest significant
starch content was determined in the tubers
sprinkled with mine and mixed water beside
drinking water. All the concerned types of water
reduced starch concentration significantly as
against the control. The above mentioned view
was formulated by some authors [1,2,5].

The tubers from sprinkled combinations
(irrespective of water type) got infected with
phytophtora more severly, than with scab when
sprinkled potatoes proved to be less affected.
The quoted dependences were testified in the li-
terature [4].

Mine and mixed water irrigation as oppo-
sed to drinking water application, caused a con-
siderable increment of sodium, potassium and
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phosphorus content in tubers. The lowest con-
centration of aforecited macroelements in pota-
to referred to the unirrigated objects. These
results are justifiable in the light of determined
mineralization of water.

The sodium increase in tubers sprinkled
with mine and mixed water in the successive
years is indicative of sodium cumulative ten-
dency in soil. It can be expected that owing to
many years’ application of mine water, excessi-
ve accumulation of Na* will occur in the absor-
bing complex. Such process can result in soil
salinity and decrease in quality of some cultiva-
ted plants [3,5,10,11].

All the types of water employed in 3 years’
sprinkling influenced the increment of soil pH.
It should be noted that mine and mixed water
demonstrated their higher efficiency in this re-
spect.

CONCLUSIONS

1. Mine water sprinkling brought about a
significant decrease in potato yielding, compa-
red with drinking water.

2. The negative influence of mine and mi-
xed water was manifested by a significant decli-
ne of starch and dry mass of tubers.

3. Mine water sprinkling caused a signifi-
cant augment of Na, K, P content in potato tu-
bers. Sodium concentration grew in the suc-
cessive years.

4. Three years’ sprinkling exerted a signifi-
cant influence on soil pH, irrespective of water
type. Soil pH was changed by mine and mixed
water more effectively.

5. Mine water should not be applied in po-
tato sprinkling.
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WPLYW DESZCZOWANIA WODA KOPALNIANA
NA PLON 1 JAKOSC ZIEMNIAKA ORAZ pH GLEBY

W latach 1987-1989 prowadzono iciste doswiadcze-
nie polowe w woj. chelmskim z deszczowaniem ziemniaka
woda zasolona, z kopalni w Bogdance, woda kopalniana
rozcieticzona woda pitna (1:1) i woda pitna, w poréwnaniju
z obiektem nienawadnianym.

Ziemniak deszczowany wodg kopalniana odznaczal
sig istotnie niZszymi plonami i zawartoscia suchej masy
oraz skrobi. Woda ta wplyneta na wzrost zawartosci Na, K i
P oraz zmniejszenie Ca i Mg w bulwach, na tle kontroli.
Woda kopalniana charakteryzowala si¢ wysokim pH w KCl
(8-8.5) i wptynela istotnie, po 3-letnim stosowaniu, na obni-
zenie zakwaszenia gleby, zarébwno w warstwie do 20 cm,
jak i w przedziale 20-40 cm. pH w pierwszej warstwie zwig-
kszylo sig z 4.3 do 5.5; natomiast w drugiejz 4.5 do 5.1.

Stowa kluczowe: deszczowanie woda kopalnia-
na, zZiemniaki, pH gleby.




