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SOIL VARIABILITY VS POTATO PRODUCTIVITY

B. Sawicka

Department of Plant Cultivation, University of Agriculture
Akademicka 15, 20-950 Lublin, Poland

A bstract This study is based on the results of the field experiment carried out in 1990-1992
on the soil of mechanical composition of light loamy sand. The yield and tuber structure of the crop
of potato tubers of 37 varieties were evaluated. A positive eflect on the crop and mass of the tubers
of ¢ 4-5, 5-6 and >6 cm was exerted by the July and August rainfalls, the May and June rainfalls re-
sulted in enlarging the tuber mass by ¢ <3 cin, and decreasing the share of the remaining tuber size
fractions. The increase in atmospheric temperature in July and August caused a drop in tuber yield,
and also the tuber mass of ¢ 5-6 and >6 c¢m in diameter. Heightening by a unit the abundance of as-
simiable phosphorus and potassium in the soil at its mean level of 15.7 and 21.9 mg/100 g soil, re-
spectively, resulted in an increase of tuber mass in the crop by ¢ <3, 3-4, 4-5 cm, and a lowering of
tuber mass in the largest crop. The transition from slightly acid to neutral soil reaction caused a drop
in the crop as well as the proportions of small and medium tubers and an increase in the share of
marketable tubers.
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INTRODUCTION

The phenotypical variability of the potato in every detail is an effect of genetic
and environmental variability [12]. The share of environmental variability in total
is different for particular features. The main reasons of environmental variability
are: non-uniformity of weather conditions influence (temperature, isolation, water
supply, air humidity, distribution of precipitations), and soil variability within the
field and even within the rows. The variations of the environment, in which there
are potato plants, cause the modification of the inner regulation processes both
within the plant itself and also the stalk of Solanum tuberosum L. Therefore, a variety
of stalks may be observed within a plant and a variety of plants on a plot, connected
with the years and places [4,8,9]. The studies by Keller and Baumgartner [2]
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Tretowski [10], Ubysz-Borucka [11] and Yildrim and Caliscan [12] reveal that the
determination of productivity characteristics of potato plants requires the conduct-
ing of studies for at least three years in one place, so as to properly identify the va-
riety of phenotypic components. Thus, the objective of the studies conducted was
to determine the phenotypic variety of potato cultivars, singling out genetic and
environmental variability, which should enable one to choose for cultivation the
cultivars of the greatest stability of the desired feature. Moreover, it is an attempt
to describe the connection between the tuber crop and its structure and selected
elements of soil and atmospheric enviromnent,

MATERIAL AND METHODS

Studies were based on the results of field experiment carried out in 1990-1992
in Parczew, on the soil whose mechanical composition was of a light loamy sand.
That soil was characterised by mean to high phosphorus abundance, high in potas-
sium, and light acidic to neutral pH. Studies consisted of 37 potato cultivars in-
cluding 34 Polish ones (Aster, Atol, Beryl, Bliza, Bogna, Brda, Bronka, Bryza,
Bzura, Certa, Ceza, Cisa, Dryf, Duet, Elida, Elipsa, Fala, Fauna, Fregata, Frezja,
Heban, Irys, Jasmin, Lotos, Mila, Orlik, Perkoz, Pilica, Pola, Ronda, Ruta, Sokat,
Stobrawa, Tarpan) of every early group, and 3 Dutch cultivars (Premier - early,
Escort - middle early, Diamant - middle late), fertilized with manure at the dose
250 dt ha’ and mineral fertilizers at amounts: 100 kg N, 100 kg P20s,
150 kg K20 ha'. Material for setting was of super-elite class. Estimation of yield
and its structure was made just after the harvest.

Statistical computing of the results was made using variance and regression
analyses. Difference significance was estimated using Tukey’s test. In order to es-
timate the particular variability sources and their interactions within total variabil-
ity of traits under study, estimation of variance components was made, using the
following denotations:

o~ - the evaluation of environmental variabil lity, connected with the repetition
of observatmn or measurement over many years,

G G evaluation of genotypic variability (specific);

o° p - evaluation of phenotypic variability (total).

On the basis of variance component evaluation, their proportional structure
was determined.

Functional parameters were found by the least squares method and signifi-
cance verification by t-Student test. Yield and weight of tubers of <3, 3-4,4-5,5-6
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and >6 c¢cm diameter were accepted as dependent variable (y); independent ones
were: mean air temperature during May to June (in °C), mean air temperature during
July to August (in °C), precipitation sum during May to June (in mm), precipitation
sum during July to August (in mm), soil acidity (pHkc1), soil abundance in available
P20s (in mg/100g soil), soil abundance in available K30 (in mg/100g soil). Variables
for multi-factor linear regression were selected on a base of coefficients from simple
regression. Regressions presented in Table 4 were calculated according to the for-
mula: y = a + bjxj, where y - dependent variable, @ - constant, b - regression coeffi-
cient, x - independent variable. Partial regression coefficients (b;) show, how much the
yield of tubers and its structure change, if a factor changes by a unit.

The variability of the analysed results were characterized by the following
means: arithmetic mean, standard deviation, coefficient of variation (Tables 2 and
3) calculated by the equation: ¥ == 100%, here s - standard deviation, x - arith-
metic mean, !

The distribution of temperatures and rainfall in the analysed examination was
differentiated, which is presented in Fig. |.
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1 The monthly sum of rainfalls in the years 1990-1992

E==The monthly sum of rainfalls in the years 1951-1990
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== ==The average air temparature in the years 1951-1990

Fig. 1. Rainfalls and air temperature during potato vegetation period in the years 1990-1992 accord-
ing lo IMGW at Wiodawa,

RESULTS

Tuber yield appeared to be dependent on cultivar properties (in 4%), vegeta-
tion conditions in particular years (in 69.0%) and interactions between cultivars
and years (in 26.2%) (Table 1).
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T able 1. Influence of cultivars and years on tuber yield and its structure as well as their percent-
age in lolal variance

Significance of effect of Percentage of variance share in
Trait total variance (phenotypical)

cultivars  years  cultivars cultivars  years  cultivars

X years X years
Tuber yield i o o 4.0 69.0 26.2
Tuber weight, ¢ <3 cm L i * 4.2 24.0 70.8
Tuber weight, ¢ 3-4 cm *h KK * 9.8 62.7 7.9
Tuber weight, ¢ 4-5 cm ¥ ¥ * 36 64.5 6.4
Tuber weight, ¢ 5-6 cm n ¥ * 1.8 59.8 29.5
Tuber weight, ¢ >6 cm il i ** 8.2 64.6 7.8

*significant at «t<0.05; ** - significant at «<0.01; n - not significant at «<0.05;

Variation coefficients are the measure of the dispersion of the received results.
The lower the value, the more stable the feature: for the yield of tubers the value
of this coefficient was 28.1%. Considering the stability (yield verity), the varieties
examined may be sequenced as follows: Bryza > Ronda > Irys > Fala > Elida >
Orlik > Ruta > Premieur > Diamant > Mila > Ceza > Escort > Bzura > Fauna >
Aster > Perkoz > Fregata > Lotos > Stobrawa > Frezja > Elipsa > Bronka > Bliza
> Bogna > Pola > Pilica > Dryf > Beryl > Atol > Cisa > Brda > Heban > Sokol >
Certa > Duet > Jasmin > Tarpan. The most exact in yield appeared to be semi-late
cv. Bryza, the least - late cv. Tarpan. The lowest variability in yield was observed
within the group of very early varieties, yet the highest - in the group of late ones.

The structure of tuber yield was found out to be not stable enough, and the
components of phenotypic variability (complete) were different. It resulted from
various meteorological conditions, and especially from an irregular distribution of
rainfall in May - August, determining the number and size of tubers of particular
fractions. Years of studies had the dominant role in variability of tubers of 3-4, 4-
5, 5-6 and >6 cm. Interaction between cultivars and years was major in total vari-
ability within the fraction of <3 cm diameter, Genotype traits had the least
contribution in total variability of particular size fractions of tubers. They had a
significant effect on the weight of tubers of <3, 3-4, 4-5 and 6 cm diameter.

Considering the stability of the share of tuber mass in the crop, the analysed
size fractions may be sequenced as follows: <3 cm > above 6 cm > 3-4 ¢cm > 4-5
cm > 5-6 cm. The most variable was the share of the smallest tubers in the crop,
the least - the share of large tubers 5-6 cm in diameter. The greatest changes of
the most shapely bulbs in the yield, i.e. the lowest stability of the bulb size in the
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Table 2. The yicld of tubers and the percentage of share in the yield of tubers mass with diameter
<3, 3-4, 4-5, 5-6, >6 cm and variability coefficient (V)

Carliness  Varicty Tuber Tuber diameeter in cm
group vield -
dt v <3 3-4 4-5 5-6 >6
ha! x V x V x V x V x V
Aster 241 23.8 9.6 53.7 23.0 519 333 304 224 232 11.8 57.1
Very carly Frezja 185 299 5.0 66.1 148 644 288 412 32,6 457 188 779
Irys 228 154 064 496 154 e66.1 323 47,7 306 281 152 556
Ruta 219 17.6 55 1127 169 63.2 287 329 329 33.1 159 802
Orlik 202 165 74 669 179 398 344 447 278 376 125 695
Elipsa 259 303 6.2 1144 175 843 309 575 30.6 298 148 474
Jasmin 281 449 52 945 133 886 274 531 300 222 24.0 695
Early  Duet 229 420 7.9 999 239 667 31.2 593 250 39.7 12.0 788
Lotos 208 27.6 6.0 772 192 56.5 349 244 273 349 127 897

Perkoz 221 244 84 653 21.7 793 379 355 230 443 9.0 772
Premieur 197 192 103 1116 23.0 67.5 41.1 39.0 209 31.5 4.7 893

Beryl 210 354 6.7 738 13.6 S4.1 28.1 467 32.1 369 194 532
Bliza 199 31.9 95 S50.1 21.8 458 32.1 286 304 29.7 6.2 319
Elida 242 156 6.8 829 175 544 363 060.8 254 231 139 364
Middle  Fauna 221 237 65 445 21.6 68.1 388 495 249 246 8.1 3571
early  Mila 197 21.5 7.7 96.7 26.0 775 355 479 222 333 86 616
Pola 199 327 7.9 83.0 172 84.9 323 57.1 293 367 132 3548
Ronda 200 152 7.0 77.6 19.5 63.8 32.1 285 323 309 91 773
Escort 253 21.8 6.9 56.8 19.0 69.7 29.7 484 31.0 24.0 13.4 555
Atol 217 36.2 6.5 664 197 70.6 30.7 479 31.8 450 113 776
Bogna 238 319 57 613 166 34.1 332 474 29.7 328 147 569
Brda 249 377 9.7 3901 256 385 340 49.1 19.6 27.7 11.1 734
Middle Bryza 209 13.8 6.0 689 236 559 376 413 262 215 67 587
late Certa 194 399 9.6 925 284 69.6 357 452 224 357 38 79.2
Cisa 218 36.6 9.7 787 29.6 644 357 497 202 40.5 4.8 55.1
Fala 219 154 85 429 219 384 367 51.1 225 61.2 104 834
Fregata 185 245 6.5 986 212 468 344 534 339 666 40 81.7
Sokat 200 397 92 984 203 720 303 622 302 31.8 10.0 69.5

Diamant 259 196 92 763 21.6 437 357 61.6 224 293 1.0 605
Bronka 223 313 40 665 13.7 758 32.7 69.7 31.0 37.4 186 432

Bzura 231 222 84 80.1 202 531 333 373 28.7 248 94 447
Ceza 219 21.7 139 748 297 545 30.7 476 172 299 85 771
Late Dryt 204 336 7.6 779 225 456 398 51.8 223 373 7.8 854
Heban 223 379 123 742 295 70.1 31.1 459 17.0 31.7 10.1 69.8
Pilica 197 334 13.1 919 24.6 867 355 363 19.8 31.1 7.0 556

Stobrawa 245 29.1 7.2 228 21.6 286 327 33.5 23.0 369 155 75.6

Tarpan 203 47.1 63 66.6 163 558 314 394 290 335 16.9 902

Mean 220 28.1 7.8 745 20.8 60.8 334 46.0 26.4 342 115 67.5
LSD «<0.05; 24 1.6 50 5.0 7.6 n* 6.1
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Table 3. Statistical characterization of independent variables (average in the years 1990-1992)

Independent variables

X\ X2 X3 X4 X5 X6

Arithmetical means

103.7 144.7 17.1 [5.7 21.9 5%
Standard deviations
208 46.9 0.4 4.0 4.8 0.6

x| - rainfall of period V-VI, in mm; x2 - rainfall of period VII-VIII, in mm; x3 - air temperature of
period VII-VIIL in °C; x4 - content of available phosphorus, in mg/100 g of soil: x5 - content of
available potassium, in mg/100 g of soil; xg - pI1 in KCI.

Table 4. Values of partial regression coefticients for yield traits at significance level ¢<0,05 in
relation to the change of independent variable values by a unit

Independent variables Determination
Traits Precipitation ~ Tempe- Contentinsoil Seil pH COC{{}CIEHI
{mm) rature (mg/100 g KCl (%)
“C) of soil)
vve virvin YYD pos ka0
Tuber vield +5.14 445 -0.50 -0.94 67.3
Tuber weight, ¢ <3 cm +0.67  -1.32  +2.13 4250 +1.17 -9.56 36.7
Tuber weight, ¢ 3-4 cm +0.81 +0.88 +035 -1.77 573
Tuber weight, ¢ 4-5 cm -048  +0.56  +2.95  +1.04 +0.86 -6.62 524
Tuber weight, ¢ 5-6 cm -0.24  +048 -1.28  -092 042 +421 59.5
Tuber weight, ¢ >6 cm -017  +131 -5.06 -257 -243 +731 59.8

crop, were characteristic of the following varieties: Ruta (from the very early
group), Lotos (from the early group), Ronda (trom the middle early), Fala (from

the middle late group) and Tarpan (from the late group).

The varieties of the highest stability crop and its share of the tubers > 5 ¢cm in
diameter (marketable) in the group of very early varieties was Irys, in the group of
early varieties - Elipsa, in the group of middle early - Elida, in the group of mid-
dle late - Bryza, in the group of late ones - Bzura.

From the regression equations it follows that environmental factors signifi-
cantly modified the tuber yield and its structure. Precipitations in July-August at
144.7 mm mean level had a positive effect on tuber yield and weight of tubers of
4-5, 5-6 and >6 cm diameter. Precipitations in May-June (about 103.7 mm) had
only an influence on weight increase of tubers of <3 em diameter but tuber weight
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of other size fractions decreased. Air temperature increase by 1 degree - in a range
of standard deviation from arithmetic mean equalled to 17.1 °C - caused the tuber
yield decrease and the weight of tubers of 5-6 and >6 cm diameter by values pre-
sented in Table 4. The increase of soil abundance in available phosphorus and po-
tassium - at their mean level of 15.7 and 21.9 mg/100 g soil, respectively - by a
unit resulted in increasing the weight of tubers of <3, 3-4, 4-5 cm in crop and de-
creasing the largest tubers in crop. Soil acidity increase by a unit - at mean pH 5.7
~ caused the yield decrease and fine and middle tubers percentage.

Determination coefficients of the considered system of equations were, on av-
erage, very low, with the exception of tuber crop, which, at simultaneously diver-
gent effects of meteorological and soil factors allows for the conclusion that the
tuber yield and its structures affect some features other than those mentioned in
the models of function,

DISCUSION

The yield of tubers was determined mostly by vegetation conditions in indi-
vidual years and on the co-operation of cultivars and years. Studies conducted by
Mac Kerron ef al. [3], Sawicka [5], Yildrim and Caliscan [12] confirm a high vari-
ability of yield in the years of study. Silva and Andrew [7] found that differences
of yield for the same cultivar can occur and they can be even fourteen-fold. They
state that soil variability in a row can cause tuber weight variability to 50% and
can be the reason such high variability and, in addition, variability between rows
can take place. The studies show that among the meteorological factors, the highest
effect on the tuber yield and its structure was exerted by atmospheric temperature of
July and August. An increase in atmospheric temperature caused a drop in tuber yield,
and also in tuber mass, 5-6 and >6 cm in diameter. Similar results were obtained in
earlier studies [4]. According to Mac Kerron et al. [3] and Ubysz-Bogucka [11], the
structure of tuber yield is subject to high environmental variability, and in subsequent
vegetative generations it is even more pronounced. The drop in mean tuber mass
and the heightening of the number of small tubers has, according to MacKerron er
al. [3], been due to drought at tuber creation and flowering.

The co-operation of varieties and years prevailed in total variability within the
fraction <3 cm in diameter. The effect of co-operation of cultivars and years on
the crop structure was confirmed by MacKerron ef al. [3] and Sawicka [5,6]. The fac-
tors diversifying tuber mass of individual fractions in the yield are also: competition be-
tween stalks in a plant; competition for photosynthetic products between individual
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stolons, emerging from the joints created at various levels of underground part of
the stalk. The competition between the sprouts and the domination of the top
sprout, main bud, may affect the number of stalks in a plant and the competition
between them, which, in turn, influences the size of tubers in the crop [3,5,6,12].

The genotype features had the lowest share in the total variability of individual
tuber size fractions (1.8-9.8). Their significant effect was exerted in the mass of
tubers <3, 3, 3-4, 4-5 and > 6 cm in diameter. The influence of genetic factors on
the yield structure is confirmed by Keller and Baumgartner [2], Teodorczyk [8],
Mac Kerron et al. [3], Sawicka [4-6], as well as Yildrim and Caliscan [12].

Among the soil factors, greater influence on tuber yield and structure seems to
be exerted by soil abundance in assimiable phosphorus in the soil. Such influence
is not, however, significant. Fotyma and Grzeskiewicz [1] determined, on the basis
of 338 experiments, the effect of some agrotechnic and environmental factors and
the starch content of the potato and found out that only excessive rainfall causes a
decrease in tuber crops and starch content in the conditions of good soils of low
soil reaction as well as high assimilable phosphorus,

Demonstrated in the analysis is the negative effect of soil reaction of pH 5.7 +
0.6 on the tuber yield and its share of small and medium tubers has been partly
confirmed by Fotyma and Grzeskiewicz [1].

CONCLUSIONS

1. The most stable feature of the potato tuber structure appeared to be the mass
of tubers 5-6 cm in diameter with the mean coefficient V = 34.2 %, and the share
of the mass of tubers <3 cm in diameter was one of the less stable features of the
mean coefficient V = 74.5%.

2. The coefticients of the determinations of the considered systems of equa-
tions with the exception of tuber yield were mean on the average, which at simul-
taneous divergent meteorological and soil conditions allows one to presume that
the yield of tubers and their structure is affected by still more factors, not included
in the models of functions.

3. The increase of tuber yield, and also the mass of tubers of ¢ 4-5, 5-6 and >6
cm were favoured by the July and August rainfall, at their mean level of 145 mm.

4. Increasing the abundance of soil in assimiable phosphorus and potassium, at
its mean level of 15.7 and 21.9 mg/100 g soil, respectively, by a unit, resulted in
the increase of the tuber mass share by o <3, 3-4, 4-5 cm, and decrease of the larg-
est tubers in the yield.
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5. The change of slightly acid into neutral soil reaction caused the drop in
yield and its share and the increase of marketable tuber share.

6. Evaluating the effect of the discussed factors on the yield of tubers and its
structure, they may be sequenced as follows: mean atmospheric temperature of
July and August > July and August rainfall > May and June rainfall > soil pH >
soil abundance in assimiable K20 > soil abundance in assimiable P20s.

REFERENCES

1. Fotyma M., Grzeskiewicz H.: The influence of nitrogen and phosphorus fertilization an the
vield and starch content of potato variety Nysa. Ziemn., 79-85, 1979.

. Keller E., Baumgartner M.: Beeinfussung von Qualititseingenschaften durch Genotyp und Um-
welt, Kartoffelbau, 33, 12-15, 1982.

3. McKerron D.K., Marshall B., Jefferies R.A.: The distribution of tuber sizes in drugged and ir-
rigated crops of potato. IT. Relation between size and weight of tubers and the variability of tuber-
size distribution. Potato Res., 31, 2, 279-288, 1988.

4. Sawicka B.: An attempt to establish the influence of envirenmental factors and nitrogen fertiliza-
tion on the potato tubers in the Biala Podlaska region. Rocz. Nauk Roln., A-106, 4, 7-19, 1987.

5. Sawicka B.: Effect of some environmental and agrotechnical factors on the formation of yield of
potatoes. Rocz. Nauk. Roln., A-108, 2, 27-43, 1989,

6. Sawicka B.: Differentiating of proliferacy and of tubers size in the yield of 20 potato varieties.
Fragm. Agronom., 2000.

7. Silva G.H., Andrew W.T.: Hill to hill variations in tuber yields in Alberta. Am Potato I., 62, 3,
119-127, 1987.

8. Teodorczyk A.: Variability of potato traits. Ziemn., 25-23, 1982.

9. Tretowski J.: The methodical studies of tubers potato quality. Wyd. Inst. Ziemn., Bonin, 1976.

10.Tretowski J., Wéjeik A.: The methods ol agricultural experiments, WSR-P, Siedlce, 1988.

I 1.Ubysz-Borucka L.: Phenolypical variability of potato. Zesz. Prob. Postep. Nauk Roln., 191, 283-
285, 19717,

12.Yildrim M.B., Caliscan C.F.: Genotype x environment interactions in potato. Am. Polato J., 62,
371-375, 1985.

]



