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Spatial Distribution of Rice Root under Long-term Chemical and
Manure Fertilization in Paddy
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ABSTRACT : It is well known that root distribution of
rice is a crucial factor for nutrient absorbtion and affect
by soil fertility management. However, the findings on
root distribution are limited due to laborious and tedious
work. The characteristics of root distribution were investi-
gated in long-term fertilizer experiment plots that were
established in paddy soil, a fine silty family of typic Hal-
paqueps (Pyeongtaeg series) in 1967. Fertilizer experiment
plots of no fertilizer, compost, NPK and NPK+compost
plot have been maintained consistently for the past thirty
six years and NPK-silicate plot for the past twenty two
years. In NPK plot, 150 kg N (urea), 100 kg P,Os (fused
phosphate) and 100 kg K,O (potassium chloride) per hect-
are have been applied. For NPK+silicate plot, 500 kg SiO,
(silicate) was applied in addition to fertilizer in NPK plot.
For the compost plot, 10,000 kg rice straw compost per
hectare were applied. Root samples were taken from the
positions of hill-center (below hill) and mid-point of four
adjacent rice hills at heading stage by cylinder monolith
(CM) method. The soil cores were sampled 20 cm depth
from the soil surface and partitioned four into layers at an
interval of Scm. The soil particles surrounding roots were
washed out with tap water. Length and weight of the roots
in each soil layer were measured and root length density
(RLD), root weight density (RWD), specific root length
(SRL) and rooting depth index (RDI) were calculated.
Total root length was measured by intersection method.
Plant height, tiller and shoot dry weight were the highest
in NPK+compost plot. But RLD of hill-center soil cores
was the highest in no-fertilizer plots. In the soil cores from
mid-point position of four adjacent hills, RL.D at 15-20 cm
soil depth was higher in compost plot than NPK plot. RLD
in compost plots showed even distribution compared to
those in chemical- fertilizer plots. RWD was the highest in
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the NPK+compost plot. SRL was the lowest in the
NPK+silicate plot. RDI was the highest in the compost
plot. Also, in this experiment it was found that the distri-
bution of roots was closely related to the physical proper-
ties of the soil as affected by fertilization management.
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Table 1. Chemical properties of soil from a long-term fertilizer application experiment®.

. . 1 1+ k ~1

Sog(l:llpg o Treatments pH (1:5) OM. (gkg™) (ﬁ:/g izg(_)ns ) < Bx Cat10nsc(:mo g) Mz
No fertilizer 57 279 27 0.07 33 0.72
Compost 57 323 71 0.32 38 0.80

Surface
(0-10) NPK 5.8 28.6 155 0.11 39 0.95
NPK+silica 6.7 282 162 0.11 6.8 1.10
NPK-+compost 59 325 221 0.34 4.8 1.13
No fertilizer 7.0 20.0 21 0.08 4.6 1.43
Subsurface Compost 7.4 19.2 25 0.29 52 1.65
(10-20) NPK 75 18.3 39 0.08 54 1.73
NPK+silica 8.2 18.7 32 0.08 7.7 1.62
NPK-+compost 7.5 21.3 70 0.28 5.7 1.83

¥ The measurement was performed after harvest.
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Table 2. Bulk density and three phases composition at different soil depths of paddy under different fertilizer application®.

. . Three phases )

Treatments Soil depth Bulk density - Porosity

Solid Liquid Gaseous

(cm) (Eem™) s (Go) crvereveremrenseemereciseenmsisseensissisecens
No fertilizer 0~5 1.29 48.8 46.0 52 51.2
5~10 1.32 49.8 48.1 2.1 50.2
10~15 1.42 535 39.5 7.0 46.5
15~20 1.54 58.1 359 6.0 419
Compost 0~5 1.18 44.6 474 8.0 55.4
5~10 1.14 429 43.8 133 57.1
10~15 1.24 46.9 42.7 104 53.1
15~20 1.42 53.5 41.0 5.6 46.5
NPK 0~5 1.23 46.3 524 1.3 53.7
5~10 1.27 48.0 50.9 1.2 52.0
10~15 1.40 527 44.1 3.1 473
15~20 1.53 577 39.0 33 423
NPK+silica 0~5 1.20 45.1 43.1 11.8 54.9
5~10 1.25 47.0 41.6 11.4 53.0
10~15 1.31 49.4 434 73 50.6
15~20 1.56 58.9 38.1 30 41.1
NPK-+compost 0~5 1.07 403 523 7.4 59.7
5~10 1.21 457 504 39 54.3
10~15 1.26 47.6 47.8 4.6 524
15~20 1.49 56.3 422 1.5 43.7

?The measurement was performed after harvest.
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Table 3. Growth characteristics of shoots and roots of rice grown under long-term fertilization plots®.

Shoots Roots™, 0~20 cm

Treatments Plant height Tillers Dry weight . R/S9

(cm) (no. hill™) (@ hill™) Length (m) ~ Dry weight (g)
No fertilizer 76.2 8.5 20.3 156.6 2.511 0.124
Compost 87.3 11.0 28.6 1539 2.727 0.095
NPK 89.9 11.5 294 119.6 2.524 0.086
NPK-silica 95.5 9.5 27.6 1199 2.613 0.095
NPK-+compost 96.7 12.5 30.1 152.6 3.165 0.105

¥ Root sample was performed by cylinder monolith method at heading stage.
» Mean of root length and weight at below hill and mid-point of four hills.

9 R/S : Roots/Shoots dry weight.
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Table 4. Root length density of rice at heading stage in long-term fertilization plots.

Soil depth No fertilizer Compost NPK NPK+silica NPK-+compost
(cm) BHY MH" BH MH BH MH BH MH BH MH
.................................................................................................... (Cm cm":‘) PN

0-5 7.84 8.92 7.76 6.33 6.26 5.02 7.18 5.35 8.98 6.98
5-10 452 4.36 4.47 6.09 3.52 347 3.57 3.94 5.06 3.96
10-15 3.96 2.98 3.03 3.50 328 2.31 2.79 2.01 3.96 2.59
15-20 1.68 1.19 1.07 2.58 1.32 1.88 1.16 1.14 1.42 1.61
Mean 4.50 436 4.08 4.63 3.60 3.17 3.67 3.11 4.85 3.78
SEY 2.54 3.13 2.62 1.89 1.93 1.51 2.59 1.86 3.03 2.20

YBH : below hill, ” MH : mid-point of four adjacent hills, ©SE : standard error.

Table 5. Root weight density of rice at heading stage in long-term fertilization plots.

Soil depth No fertilizer Compost NPK NPK+silica NPK-+compost
(cm) BHY MH® BH MH BH MH BH MH BH MH
.................................................................................................... (mg Cm_3)

0~5 1.61 118 1.80 1.01 1.60 0.96 1.89 1.00 2.03 1.23
5~10 0.85 0.62 1.00 0.80 0.89 0.67 0.97 0.78 1.16 1.10
10~15 0.58 0.44 0.51 0.53 0.63 0.51 0.56 0.38 0.69 0.39
15~20 0.25 0.15 0.20 0.32 0.24 0.21 0.18 0.15 0.25 0.32
Mean 0.82 0.60 0.88 0.66 0.84 0.59 0.90 0.58 1.03 0.76
SEY 0.55 0.42 0.65 0.30 0.55 0.30 0.73 0.37 0.76 0.47

YBH : below hill, Y MH : mid-point of four adjacent hilts, © SE : standard error.
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cylinder monolith method at heading stage. BH and MH
indicate below hill and mid-point of four adjacent hills
respectively.
Ao B & vy ZALEREE ALk B Zlo] Aee
TFEEENE ALk Zlo] AFRt 2 Aot A
ﬂlbﬂé ‘Slt?% ol e A¥E YERiAT

G2 FHos A 2ol At 2FeR AUT Lol A
SR Egort A FYAICE

olge) Ane Mund TYRE 2FAE] Ao)7} 5
ulekgTe] 5 cm olate] BAIT FHlTe] 0-5 cmolde) 2
AUt BFUENTG WS olgE olF AT A2

o] W&o 7|28 Zo= AlFHAT) U] BA|To]
e ol RHM HuAgoR Bk EElide] /M
=, 1998; 7 5, 1988)F Zo= Azizim, Fu|te] HEo

3\% ﬁﬁﬂﬁ:ﬁ HE FALo0 7 03 EalA of
BM w7} AAlee] PR FF
Eahs o AZEAT

OLength density
[0 Weight density
I ‘

Rooting depth index

No fertilizer Compost NPK NPK+Si  NPK+comp.

Fig. 3. Rooting depth index (RDI) of rice grown under different
fertilizer application. Root sampling was performed by
cylinder monolith method at heading stage (error bar =
standard error). RDI was calculated by the equation
“L{mean of each scil depth x (mean length or weight
density / 100)}”.
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