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1.  Introduction  

The main obstacles to cultivation in rain-fed land are very low water availability and 
large fluctuations in groundwater content. This has an impact on stunted growth and 
development of plants, both physiological and morphological and biochemical 
processes so that crop production also decreases. 
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ABSTRACT 

In rain-fed area, water deficit or drought stress is a serious limiting factor to rice production and yield 
stability, and root system with deep roots is one of the most important characters. This study aimed to 
identify which root morphological characters induce the advantage of the deep rooting between 
varieties. Six varieties consisting of two groups of ecosystems, upland: NERICA1, NERICA4, 
NERICA7, Yumenohatamochi, and lowland: Hinohikari and Koshihikari were grown under the rain-
fed condition in the field of Kochi University. The results suggested the adaptability of NERICA 
varieties to the upland rainfed conditions, due to the development of roots into the deep soil layer.  
NERICA7 had lowest soil moisture content and had a higher root weight, root surface area, root length 
and the number of root branching in the deep soil layer at heading stage. NERICA7 also had higher 
value on dry weight, surface area and thickness in total amount of root morphological characters.  
Varietal difference of root surface area in the deep soil layer was related to both root length and 
thickness, and root length was involved with root branches. On the other hand, the varietal difference 
of total amount of root surface area was related not to the root length, but to the root thickness. This 
result suggested that the emergence of the thick roots (probably primary crown roots) allowed the roots 
to penetrate into the deep soil layer. Therefore, it is considered that the emergence of thick roots is an 
important trait for the deep rooting character. 
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Maclean et al., (2002) estimated that about one-third of the world's rice production area 
is a lowland rain-fed area and most are prone to drought. Addressing this issue should 
be an important part of a breeding program aimed at crop improvement. The adaptive 
mechanisms of plants in response to drought have been reported by several scientists 
(Fukai and Cooper, 1995; Nguyen et al., 1997; Chapra and Sinha, 1998; Ndjiondjop et al., 
2010; Abdallah et al., 2016). The rooting system is one of the important components of 
drought resistance. Among the root morphological characters, root length and root 
thickness are important characters associated with drought resistance in upland 
conditions (Ganapathy et al., 2010). 

Increasing the thickness of the roots can increase the resistance to drought because the 
roots can increase root length density, root surface area, and water uptake by 
producing more and larger root branches. In lowland rain-fed conditions, long root 
densities greater than 20 cm and rapid root responses to alter soil moisture levels in 
soil layers 10-20 and 20-30 cm are common root characters for drought resistant 
genotypes (Ingram et al., 1994).  However, roots are usually distributed in shallow soil 
layers in lowland rain-fed areas, possibly due to the presence of a hard and watertight 
soil layer that inhibits deep rooting. The groundwater extraction is confined to the soil 
layer where root penetration occurs. Thus, in lowland rain-fed with the presence of hard 
and watertight soil layers, the development of a root system above the coating is 
important for water absorption by plants (Kano-Nakata et. al., 2013). 

The root development has been evaluated under different soil moisture conditions in 
sloping system (Kameoka et al., 2015) and sprinkler system (Kameoka et al., 2016). In 
this study, we used furrow irrigation system to compare rice varieties under different 
soil moisture conditions. 

Based on the description, we have conducted a set of research on root morphological 
change at several distances from irrigated-trench in six different rice varieties grown 
on rain-fed conditioned plots. 

 
2.  Materials and Methods 

Six rice varieties consisting of two groups of ecosystems. The upland ecosystem 
consisted of the NERICA1 (N1), NERICA4 (N4), NERICA7 (N7), Yumenohatamochi 
(YH) rice varieties, and Hinohikari (HH) and Koshihikari (KH) rice varieties for the 
low land ecosystem. They were grown in plots under rain-fed condition in the 
experimental field of Kochi University, Monobe Campus, Kochi Prefecture, Japan.  

Seeds were sown directly on May 23, 2016 at a rate of 5 seeds per hill (Bhowmik et. al., 
2012), with a spacing of 30 x 10 cm on a plot measuring 2.6 m x 4.1 m.  Fertilizer (N:P:K 
= 14:14:14, 40 kg ha-1) was applied at 29 days after sowing (DAS). The irrigation 
systems were made by a small dugout trench (5 cm wide, 15 cm deep) in the center of 
the plots, and were manually implemented by giving water to the trench once every 
two days, starting from 43 – 116 DAS, except for rainy days. Shoot samples were 
collected at heading and maturity periods with distance of 20, 40, 60 cm from the center 
trench, and separated into each organ. In addition, at heading stage, the remaining 
roots for each hill were extracted using a soil core (11.5 cm in diameter, 15 cm in 
height) separated for each 5 cm in depth. Root length, root surface area and root 
branching was determined using software (WinRHIZO, Regent). All the separated 
parts were dried in the oven at 80oC for three days, and then the constant dry weight 
was measured. Soil moisture content with distance of 20, 40, 90 cm from the center 
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trench was measured using soil moisture meter (TDR-100, FieldScout). An analysis of 
variance (ANOVA) and Tukey’s honest significant difference (HSD) procedure using 
JMP for windows version 7.0 was performed to determine the response of variety and 
distance. 

 
3. Results and Discussion 

Soil moisture content was significantly higher in 20 cm than in 40 and 90 cm distance 
from trench crossing in the middle of each plots.  There was a significant difference in 
soil moisture between varieties, and N7 had the lowest soil moisture content between 
varieties (Figure 1). This results suggested that water uptake of N7 was higher that 
another varieties. As Trillana et al. (2001) reported, lower soil moisture shown higher 
water uptake of IRAT13. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Soil moisture content condition at 20, 40 and 90 cm distance from NERICA7 (N7) 
plants.  The symbols *and *** indicates significance at P<0.05 and P<0.001 

 

Significant differences between varieties were shown in root morphological characters 
of the deep soil layer at heading stage, and upland rice varieties (N7, N4, N1, and YH) 
had a higher root weight, root surface area, root length and the number of root 
branching than those in lowland varieties (HH and KH) (Table 1).  However, the effect 
of distance on root morphological characters was not significant. There was a 
significant interaction between the variety and distance on root weight, root surface 
area, root length and root branching, but not in root thickness and deep root length 
ratio. This suggests that the effect of the distance was different between varieties.  
Kono (1993) explains that the roots tend to penetrate deeply with a decrease in soil 
water content. The tendency to penetrate to the soil layer by nodal roots is known as 
the deep-rooted characteristics, which are governed by genetic factors. However, 
changes can occur in these characteristics, depending on soil factors, especially water 
conditions, even on the same cultivar. Nazirah (2008) also reported that the growth of 
each variety varies under the same environmental conditions because each variety has 
a different genetic ability to respond to its environmental conditions. 
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Table 1.  Root morphological characters (plant-1) in the deepest soil layer only (10 - 15 cm deep)  

Treatment 
Dry 

weight 
(g) 

Surface  
area (cm2) 

Length 
(cm) Branch Thickness  

(mm) 

Deep root 
length ratio 

(%) 

Variety 
(V) 

HH 0.06 c 57.4 c 990 bc 8226 bc 0.19 bc 16.2 ab 
KH 0.03 c 29.5 c 553 c 4750 c 0.17 c 10.8 b 
N4 0.15 b 109.7 b 1642 b 15433 b 0.22 ab 23.9 ab 
N1 0.17 b 116.6 b 1596 b 13432 bc 0.24 a 17.4 ab 
N7 0.30 a 196.8 a 2745 a 27371 a 0.24 a 29.6 a 
YH 0.10 bc 72.8 bc 1154 bc 11142 bc 0.20 abc 22.6 ab 

Distance 
(D) (cm) 

20 0.13 a 087.4  a 1212   a 10737  a 0.22 a 18.5  a 
40 0.14 a 102.1  a 1559   a 14736  a 0.20 a 21.2  a 
60 0.14 a 101.9  a 1569   a 14705  a 0.20 a 20.6  a 

Variety *** *** *** *** *** * 
Distance ns ns ns ns ns ns 

V x D * ** ** ** ns ns 

Deep root length ratio was calculated as the ratio of root length in 10-15 cm soil depth to total root length. Value with 
same letter indicates not significant difference at 0.05 level. ns indicates not significant. *, ** and *** indicates 
significance at P<0.05, P<0.01 and P<0.001. 

 
Table 2. Total amount of root morphological characters (plant-1) for the three layers observed (0 

- 15 cm deep) 

Value with same letter indicates no significant difference at 0.05 level. ns indicates not significant. *, ** and *** 
indicates significance at P<0.05, P<0.01 and P<0.001.  

Similarly, the significant difference between varieties in total amount of root 
morphological characters was observed, and upland varieties had higher value on dry 
weight, surface area and thickness than lowland varieties (Table 2). The effect of 
distance was significant only on thickness, and the root thickness in 20 cm was 
significantly higher than that in 40 and 60 cm.  This result indicates that soil condition 
in 20 cm from the irrigated-trench suitable for the root development, especially for root 
diameter (thickness), and variety with thicker root was drought tolerance. Trillana et al. 
(2001) explained that root length density (RLD) and root diameter (thickness) are often 
used to characterize root system development of rice cultivar and under rainfed 
lowland condition, RLD in the 10-30 cm layer and the dynamic shedding of roots and 
root elongation were associated with drought tolerance. 

Figure 2 showed root surface area sampled from the deep soil layer was significantly 
correlated with total root surface area.  Root surface area plays an important role in 

Treatment Dry weight 
(g) 

Surface area 
(cm2) 

Length 
(cm) Branch Thickness  

(mm) 

Variety (V) 

HH 0.60 b 408 bc 6306 a 55841a 0.21 b 
KH 0.51 b 319 c 5136 a 49282a 0.20 b 
N4 0.96 ab 534 abc 6889 a 61167a 0.25 a 
N1 1.35 a 748 ab 9332 a 77607a 0.26 a 
N7 1.40 a 760 a 9406 a 84111a 0.26 a 
YH 0.79 b 447 abc 5685 a 52416a 0.25 a 

Distance (D) 
(cm) 

20 0.92a 508  a 6346  a 54066a 0.25 a 
40 0.96a 558  a 7568  a 68787a 0.23 b 
60 0.93a 543  a 7463  a 67358a 0.23 b 

Variety *** ** * ns *** 
Distance ns ns ns ns * 

V x D ns ns ns ns ns 
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water and nutrient uptake to support plant growth.  Teo (1995) reported that an increase 
in root length also resulted in an increase in root surface area, thus providing a more 
open area for nutrient uptake.  Gowda et al. (2011) also explained that the surface area is 
the size of the contact with the soil, the main determinant for water and nutrient uptake 
as the whole root system. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Relationship between total root surface area and deep root surface area at heading stage.  

The symbol *** indicates significance at P<0.001 
 

Total shoot dry weight was not affected by the variety and distance at the heading 
stage (Table 3).  However, the shoot dry weight in maturity stage was significantly 
different with varieties, and N4 showed a higher value than KH.  This result suggests 
that N4 was a high-yielding genotype that expressed root plasticity. As stated by 
Menge et al. (2016) under moderate drought soil conditions where roots could 
penetrate into the deep soil layer, deep root development was greater in NERICA 4 
than in NERICA 1, which contributed to maintaining dry matter production. 

 
Table 3. Shoot dry weight (g plant-1) at heading and maturity stage of seven rice  

varieties planted at three distances from its irrigated trench 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Value with same letter indicates no significant difference at 0.05 level. ns indicates not significant.  
* indicates significance at P<0.05. 

Kameoka et al. (2015) also conclude that the genotype that expressed root plasticity 
with root system developing in the soil portion where more soil moisture was available 

Treatments Shoot dry weight (g plant-1) 
Heading Maturity 

Variety (V) 

HH 13.4  a 20.0 ab 
KH 11.6  a 14.4 b 
N4 12.5  a 28.2 a 
N1 13.6  a 20.7 ab 
N7 12.5  a 19.6 ab 
YH 14.1  a 23.1 ab 

Distance (D) (cm) 
20 13.9  a 19.2   a 
40 13.2  a 21.6   a 
60 11.8  a 22.2   a 

Variety ns * 
Distance ns ns 

V x D ns ns 
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showed larger shoot dry weight than a genotype that showed root plasticity in the soil 
layer where soil moisture was less available. Similar response were also reported, the 
high-yielding cultivars whose shoot biomass at maturity in aerobic culture was greater 
than in flooded culture (Katsura et al., 2010), 

 

4. Conclusion 

From the results, it can be concluded that NERICA varieties had the adaptability to the 
upland rainfed conditions, due to the development of roots into the deep soil layer.  
Varietal difference of root surface area in the deep soil layer was related to both root 
length and thickness, and root length was involved with root branches.  On the other 
hand, the varietal difference of total amount of root surface area was related not to the 
root length, but to the root thickness. This result suggested that the emergence of the 
thick roots (probably primary crown roots) allowed the roots to penetrate into the deep 
soil layer. Therefore, it is considered that the emergence of thick roots is an important 
trait for the deep rooting character. 
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