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Eco-physiological Characteristics Related with Lodging Tolerance of Rice in Direct Sowing Cultivation
III. Relationship between the characteristics of root distribution in the soil and lodging tolerance : Kazuo
TERASHIMA, Shigemi AKITA, and Nagao SAKAl (National Agriculture Research Center, Kannondai, Tsukuba, Ibaraki
305, Japan)

Abstract : To elucidate the relationship between root distribution in each soil layer and root lodging tolerance,
the effects of root prunning and the laying of porous membrane (non-woven fabric) between topsoil and subsoil
layer on pushing resistance were investigated using two root lodging tolerant USA rice cultivars (M-302 and
Lemont) and two susceptible Japanese cultivars (Nipponbare and Hatsuboshi) . Although pushing resistance was
affected by root prunning to 5 cm under soil surface with inserting the steel plate, the reduction was more
pronounced and significant when roots were pruned to a 10 cm depth. In addition, a remarkable decrease in
pushing resistance was observed when a porous membrane was laid under the topsoil. This decrease was larger
in the lodging-tolerant USA cultivars than susceptible Japanese cultivars.

Comparison between the variances of pushing resistance and root dry weight induced by each treatment
indicated that the contribution of unit root weight to lodging tolerance was higher in deeper (including subsoil)
than in shallower soil layers. In the pot experiment, pushing resistance per unit dry weight of root was higher in
rice plants grown on soil with higher bulk density than with lower bulk density. These results confirmed that the
higher ability of root formation in rice into subsoil with a higher bulk density was one of the important
characteristics for root lodging tolerance.

Key words : Direct sowing cultivation, Oryza sativa L., Pushing resistance, Rice, Root distribution, Root lodging.
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Fig. 1. Method of root pruning with a steel plate, provisional name of each soil

block in monoloth sample (A~F, S), and the estimation of root mass pruned
when the steel plate was inserted to 5¢cm depth (W;), and from 5cm to 10cm

depth (W,).

Blocks and parts including the root pruned with steel plate was estimated based
on the hypothesis that roots elongated radially from the center of hill.
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Fig. 3. Effect of root pruning on the pushing
resistance. Bars in figure indicate the inter-
val of 95% reliable.

Table 1. Reduction of pushing resistance (Rs, Ry,) and its ratio (ks, ko) to the dry weight
of pruned root (W5, W,,) when a steel plate was inserted to 5cm depth and from
5¢m to 10cm in the field plots as shown in Fig. 1.

. T S P Ws W10 R5 Rlo k5 k10
Variety - -
(g sample™') (g hill=") (kg hill™") (kg g7h)
Nipponbare 1.21 0.09 1.42 0.31 0.10 0.09 0.21 0.30 1.98
M-302 1.34 0.23 1.62 0.38 0.21 0.11 0.33 0.28 1.56
Lemont 1.65 0.34 1.90 0.34 0.28 0.12 0.43 0.35 1.53

T,S: Total root dry weight in topsoil (T), and in subsoil (S) obtained from a monmlith
sample (thickness:5cm) as shown in Fig. 1.

P : Root dry weight per one hill in topsoil sampled with root samplar® (30cm X 15cm X 15cm).
W, W, : Dry weight of root pruned with inserting a steel plate to 5cm depth (W) was
estimated as 2% (P/T) X (B+3/4xXD+1/4F), and that with inserting the same steel plate
from 5cm to 10cm depth (W,,) was estimated as 2% (P/T) X (1/4XD+5/8xF+1/6S) as
shown in Fig. 1. (P/T) was multiplied to correct the underestimation of root dry weight in
each soil block due to smaller size of monolith compared to the area occupied by one hill.
ks, k1o : ks and k,, was estimated as Rs/Ws and R,,/W,, respectively, where R; was the
reduction of pushing resistance by root prunning with inserting a steel plate to 5cm depth,
and R,, was that with inserting from 5cm to 10cm depth.
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Effect of porous membrane treatment on the shoot and root dry weight.

Table 2. Analysis of variance in shoot and root
dry weight with respect to variety and
porous membrane treatment.

root
shoot
topsoil subsoil
(F value)
Variety 5.23* 36.78*** 52.01***
Treatment 0.04 0.09 105.94***

**** indicate significancy with p=59 and =0.1%.
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the relationships between root dry weight
and pushing resistance.
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Table 3. Contribution of root in topsoil and subsoil layer to pushig resistance on
the control plots.

W; W, ky ks R, Rs

(g hill™") (10%g g") (10%g hill"")
Hatsuboshi 1.07 0.10 0.34 1.57 0.37 0.16 0.53 0.30
Nipponbare 1.27 0.12 0.27 1.89 0.34 0.23 0.57 0.40

M-302 1.64 0.25 0.28 1.77 0.46 0.43 0.89 0.48
Lemont 1.73 0.39 0.29 1.71 0.50 0.66 1.17 0.56

W :root dry weight in topsoil.
W5 : ibid. in subsoil.
ky : pushing resistance per an unit root mass in topsoil.
ks : ibid. in subsoil.
R+ : pushing resistance contributed by root in topsoil.
Rs : ibid. in subsoil.
R : pushing resistance per one hill.
kt and kg were estimated with data from control and porous membrane treatment
plots using the equation
R=R;:+Rs=k{Wi +kW;s (1)

Variety RsR™!

Table 4. The effect of soil density on pushing resistance and contribution of an unit root
mass to pushing resistance in potted plants.

. . Dry weight Pushing
Variety Soil der_lSIty Shoot Root (W) resistance (R) R/W_
(kg 1Y) . (10°g g™)
(g plant™) (kg plant™)
Nipponbare 1.05 113.8 14.1 1.43 1.01
1.40 133.0 15.0 2.44 1.63
1.58 144 .2 14.2 2.68 1.90
Lemont 1.05 100.5 16.0 1.81 1.14
1.40 116.4 16.9 2.54 1.51
1.58 111.1 13.3 2.48 1.87
Analysis of variance (F value)
Variety 108.7*** 5.3* 2.47 0.045
Treatment 40.3*** 9.8** 100.4*** 93.47***

Dry weight of each organ and pushing resistance were measured 10 days after heading,
* ** *** indicate significancy with p=59%, =19% and =0.19% respectively.
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