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Responses of Potato Root Systems to Levels of Fertilizer
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Table 1. Responses of root and leaf dry weight to treatments
Root dry weight (g/m? Leaf dry weight (g/m?)
Date VarietyD Levels of fertilizer® Levels of fertilizer®
Mean Mean
1/2 1 2 1/2 1 2
The first sampling
12 July D 7.13 8.00 8.06 7.73 49.20 68.50 66.26 61.32
N 8.23 10.50 9.65 ) 9.46 57.39 75.63 68.40 67.14
H 5.76 8.09 5.85 6.57 4443 59.20 47.44 50.36
Mean 7.04 8.86 7.85 50.34 67.78 60.70
Significant ¥ NS NS
effects? v NS ok
T FXxV NS NS
The second sampling
12 Aug. (Plots unshaded throughout)
D 7.08 8.12 9.18 8.13 2.67 63.25 99.94 55.29
N 10.35 13.30 16.82 13.49 45,43 90.63 151.62 95.89
H 7.22 7.58 7.68 7.49 40.35 87.72  124.06 84.04
Mean 8.22 9.67 11.23 29.48 80.53 125.21
9 Aug. (Plots shaded during the period from 14 July to 6 Aug.)
D 5.83 10.12 7.78 791 40.65 81.34 76.79 66.26
N 8.67 11.68 14.19 11.51 56.16 89.58 130.51 92.08
H 7.53 7.16 8.76 7.82 60.86 98.23 134.90 98.00
Mean 7.34 9.65 10.24 52.56 89.72 114,07
Significant S NS NS
effects? ¥ ** Hok
SxXF NS *
v sk Hx
SXV * NS
FxV ok NS
Note. 1) D : Danshakuimo, N: Norin No. 1, H: Hokkai No. 61.

2) S : Shading, F: Fertilizer, V: Variety. (SXFXV) was not significant.
3) 1: Standard; N=12kg, P;0s=18kg, K;0=12kg/10a.
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Table 2. Responses of tuber and total dry weight to treatments
Tuber dry weight (g/m?) Total dry weight (g/m?
Date Variety Levels of fertilizer Levels of fertilizer
Mean Mean
1/2 1 2 1/2 1 2
The first sampling
12 July D 55.99 44.35 36.30 45.55 159.69 187.38 171.23 172,77
N 48.73 37.01 15.13 33.62 17210 199.88 158.99 176.99
H 53.97 50.43 20.07 41.49 14593 17564 114.86 145.48
Mean 52.90 43,93 23.83 159.24 18763 148.36
Significant F * NS
effects v NS ok
FXV NS NS
The second sampling
12 Aug. (Plots unshaded throughout)
D 410,32 646.65 646.59 567.85 451,74 78586 831.52 689.71
N 466.80 675.29  600.82 580.97 588.68 888.81 935.03 804.17
H 507.47 60822 561.37 559.02 612,79 79540 812,53 740.24
Mean 461,53 643.39 602,93 551.07 823.35 859.69
9 Aug. (Plots shaded during the period from 14 July to 6 Aug.)
D 340.36 408.31 291.13 346.60 432.04 57776  446.32 485,37
N 333.87 33440 291.64 319.97 457.89 54461 61219 538.23
H 353.07 43151 37115 385.24 48541 643.13 697.02 608.52
Mean 34243 39141 31797 45845 58850 585.18
Significant S NS NS
effects?) F * ok
SxF *
\' NS *

Note.

Symbols are the same as those shown in Table 1.

1) (SXV), (FXV) and (SXFXYV) were not significant.
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Table 3. Effects of treatments on growth parameters for about one
month after initial flowering
Unshaded plots Shaded plots Significant
Parameter) Variety  Levels of fertilizer Levels of fertilizer effects?
Mean Mean ———————
12 1 2 12 1 2 S F V
CGR D 942 1931 2130 16.68 973 1395 9.83 11.17
(g/m?/day) N 1344 2223 2503 2023 1021 1231 16.19 1290 NH ** **
H 1506 20.00 2251 19.19 12,13 1670 20.80 16.54
Mean 1264 2051 2295 1069 1432 15.61
LAI D 042 1.83 2.52 1.59 1.32 2.49 2.56 212
N 1.26 2.20 2.95 2.14 1.59 2.68 3.19 249 NS *x ¥k
H 1.17 2.20 241 1.93 1.60 2.61 3.14 2.45
Mean 0.95 2.08 2.63 1.50 2.59 2.96
NAR D 2893 1056 844 1597 7.43 572 3.84 5.66
(g2/m/day) N 1066 10.16 8.48 9.77 6.40 4.75 5.06 540 NS NS NS
H 12.75 9.05 930 10.37 7.53 6.34 6.67 6.85
Mean 17.45 9.92 8.74 712 5.60 5.19
Exr D 1.31 240 2.48 2.06 1.52 1.55 1.24 1.44
(g/m?/day) N 146 191 196 178 121 116 139 125 NS NS **
H 2.32 2.81 3.35 2.83 1.83 243 291 2.39
Mean 1.70 2.37 2.60 152 1.71 1.85
R/LA D 20.80 440 3.43 9.54 497 3.66 3.09 3.91
(g/m?) N 731 5.33 4.37 5.67 5.30 4.11 3.72 438 NS * NS
H 548 3.54 2.77 3.93 410 292 2.29 3.10
Mean 11.20 442 3.52 4.79 3.56 3.03

Note. 1) CGR: Crop growth rate, LAI: Leaf area index, NAR: Net assimilation rate, Er:

Efficiency of roots, R/LA: Root dry weight/LAIL
2) Interactions are not significant.
Other simbols are the same as those shown in Table 1.

Table 4.

Responses of dry tuber yield (g/my) to treatments

Unshaded plots

Shaded plots

Significant effects?

Variety Levels of fertilizer Levels of fertilizer S F
Mean Mean S F X V X X
12 1 2 12 1 2 F Vv
D 46991 71758 92555 70435 49265 657.24 63551 595.13
N 565.09 781.02 1289.47 87853 611.28 85379 1073.74 84627 NS ** NS ** NS *x
H 603.01 903.23 119216 89947 65499 902.89 1189.80 915.89
Mean 546.00 800.61 1135.73 586.31 804.64 966.35
Note. 1) (SXFXV) was not significant. Other symbols are the same as those shown in Table 1,
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Fig. 1. Relationship between LAI and CGR for
one month after initial flowering.

(g/mz/day)
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Note. Open and closed symbols show unshaded
and shaded plots, respectively. Variety: O;
Danshakuimo, []; Norin No. 1, 2~ ; Hokkai
No. 61.

Percentage reductions Percentage reductions
in CGR in NAR

(%) (%)

60

(%
Percentage reductions

Percentage reductions
in £ i

R in ER

Fig. 2. Relationships between percentage reduc-
tions of Er and CGR (left fig.), and be-
tween percentage reductions of Er and
NAR (right fig.) by shade treatment com-
pared with unshaded controls.

Note. Variety: O ; Danshakuimo, []; Norin No. 1,
~ 3 Hokkai No. 61. Half closed, open and
closed symbols show standard, half and
double levels of fertilizer applications, res-
pectively. :
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Summary

The effects of levels of fertilizer and shading on
root growth were studied in field-grown potatoes.
In 1979 a split-split plot design of experiment (2Xx
3X3) with two replications was settled as main plot,
shading treatment (unshading and shading from 14

July to 6 August by 45% reduction on full sun-
light), as sub-plot, 3 levels of fertilizer (1/2, 1 and
2, here the standard application was 12, 18, 12kg/
10a for N, P, K, respectively) and as sub-sub-plot,
3 varieties, Danshakuimo, Norin No. 1 and Hokkai
No. 61, respectively. The first sampling was done
on 12 July (the initial flowering stage) only at un-
shading plots. The second sampling was on 12
August at unshading plots and on 9 August at
shading plots.

Nutrient levels had less effects on root growth
compared with leaf growth, which was extreamly
large at the plots of higher nutrient levels after
the first sampling (Table 1). Higher nutrient appli-
cations also enhanced tuber and total plant growth
after the first sampling (Table 2).

Crop growth rate (CGR) for about one month
after initial flowering was higher at the plots of
higher nutrient levels and correlated with leaf
area index (LAI) significantly (Fig. 1. Though
root dry weight (DW) was little affected by ferti-
lizer treatments, rate of dry matter production per
unit root DW (ER) became larger at higher nutrient
plots (Table 3). This suggests that efficiency of
nutrient uptake in root increases with higher nu-
trient levels.

Shading plots tended to have smaller root DW
at shading plots. But differences between treat-
ments in root DW and LAI were relatively small
compared with large differences in tuber and total
DW (Tables 1 and 2). Shading had large effects
also on CGR, NAR and Er (Table 3). Reductions
(%) of Er by shading treatment, namely, (Unshad-
ing plots - Shading plots)/Unshading plots, were
highly correlated with reductions (%) of NAR and
CGR (Fig. 2).
nutrient uptake in root would be affected by shad-
ing, like as NAR.

Further, varietal differences in NAR and Er in

This suggests that efficiency of

terms of the response to shading were also indi-
cated. Hokkai No. 61 (highly yielding line of late
maturity) showed less reductions in NAR and Er
by shading treatment compared with Norin No. 1
(main late cultivar) and Danshakuimo (main early
cultivar).



