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Effects of soil types on root traits and root anatomy of upland rice for
varieties suitable selection for planting in central Thailand
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ABSTRACT: This research aimed to evaluate the effect of soil types on the root traits and root anatomy for selecting
suitable upland rice varieties for planting in the central plains of Thailand. The experimental design was 2x4 factorial
in completely randomize design (CRD) with two factors. The first factor was soil types, and the second factor was
the upland rice varieties. Four upland rice varieties, namely Leum Pua, Sew Gliang, Jow Haw, and Jow Lisaw San-
pah-tawng were selected for the root trait evaluation by using the basket method. All four rice varieties were grown
in two experimental plots with conditions: Plot 1 the soil texture was sandy loam and Plot 2 the soil texture was
clay loam. The results showed that at the tillering stage, rice varieties and soil texture had significant effects on the
root traits. The upland rice varieties, grown in the sandy loam had the shallow root number (SRN) (19.92 roots),
deep root number (DRN) (53.42 roots), and a total root number (TRN) (73.33 roots), and was higher than that grown
in the clay loam. Jow Lisaw San-pah-tawng grown in sandy loam showed the highest SRN (29.00 roots), DRN (93.00
roots), and TRN (122.00 roots), and the interaction between rice varieties and soil texture highly significantly affected
the SRN, DRN, and TRN. At the booting stage, rice varieties, soil texture, and the interaction of varieties and soil
texture had a highly significant impact on the DRN and TRN. Upland rice varieties, grown in sandy loam, had a greater
DRN and TRN than that grown in clay loam (65.15 and 86.85 roots, respectively). Jow Haw had the highest of DRN
(82.50 roots), while Leum Pua had the greatest TRN (109.67 roots) followed by Jow Haw (100.75 roots). However,
there was no difference in the root number between the Sew Gliang grown in both soil textures. For study of root
anatomy at tillering stage, it was found that there was only rice variety treatment that significantly influenced the
stele diameter and number of metaxylem, Jow Lisaw San-pah-tawng had the largest stele diameter of 412.88
microns, while Jow Haw had the highest of number of metaxylem which was 8.67. At the booting stage, it was found
that the varieties and the interaction of varieties and soil texture had a significant influence on root diameter. Leum
Pua grown in clay loam had the largest root diameter (1,471.83 microns), in contrast to that of Sew Gliang grown in
sandy loam that showed the tiniest root diameter (961.16 microns). However, soil texture did not affect the root
anatomy both at the tillering and booting stages. The results indicated that soil types affected the root traits, while
the varieties determined root anatomy.

Keywords: upland rice; root traits; basket method
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Figure 1 Evaluation of the root traits in the field by using the basket method. (A) Sampling the rice plant at tillering
stage, (B) A sampled rice plant after soil removal, (C) Schematic diagram of the basket and the definition
criteria of shallow and deep rooting: the horizontal angle regarding the ground surface from 0 to 50 degrees

(shallow root) and 51 to 90 degrees (deep root).
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Figure 2 Sampling of a root for anatomical analysis. (A) A root sample was collected from in the lower part of root-
shoot junction zone for anatomy observation, (B) An optical micrograph of a transverse section of a root

sample. Scale bar on root image in (A) = 10 cm, (B) 200 um.
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Table 1 Means of Shallow Root Number (SRN), Deep Root Number (DRN), Total Root Number (TRN), and Ratio of Deep Root Number (%DRN/TRN) at tillering and booting stages of

the four rice varieties

(a) Tillering stage (b) Booting stage
Treatment SRN DRN TRN %DRN/TRN Treatment SRN DRN TRN %DRN/TRN
Soil Texture (A) Soil Texture (A)
Sandy loam 19.92 2 53.42 2 73.33 2 72.03 Sandy loam 20.46 65.15 @ 86.85 @ 74.42 @
Clay loam 12.88 26.65 b 39.53 b 68.37 Clay loam 23.38 32.46° 55.85 b 58.58 b
Varieties (B) Varieties (B)
Leum Pua 18.17 3950 ° 57.67 70.83 Leum Pua 28.14 @ 5257 ° 80.71 ¢ 63.28
Jow Haw 14.75 3750 ° 52.25° 70.69 Jow Haw 19.42 b¢ 60.57 @ 80.00 @ 72.96
Sew Gliang 13.33 22.00 © 3533 ¢ 63.81 Sew Gliang 1550 © 27.83 ¢ 4333 P 64.80
Jow Lisaw San-pah-tawng 16.67 47.22 @ 64.00 @ 72.60 Jow Lisaw San-pah-tawng 24.00 ® 51.67° 78.33 @ 64.43
A * *x *x ns A ns *x *x *x
B ns *x *x ns B *x *x *x ns
AxB ** ** ** ns AxB ns ** ** ns
CV (%) 39.31 14.65 17.75 14.51 CV (%) 28.46 13.66 12.33 12.39

Note: The same letter(s) in each column means no significant difference at p<0.05 by DMRT, ns=not significant at p<0.05, and *, ** indicates a significant difference at p<0.05 and p<0.01, respectively.
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Table 2 Interaction of two types of soil texture and four rice varieties on means of Shallow Root Number (SRN), Deep Root Number (DRN), and Total Root Number (TRN) at

the tillering stage and Deep Root Number (DRN) and Total Root Number (TRN) at the booting stage

(a) Tillering stage

(b) Booting stage

Soil Texture (A)

Soil Texture (A)

Parameter rice varieties (B) Average Parameter rice varieties (B) Average
Sandy loam  Clay loam Sandy loam  Clay loam
SRN Leum Pua 24.67 ° 11.67 © 18.17 DRN Leum Pua 77.00° 34.25 ¢ 52578
Jow Haw 15.33 k¢ 14.40 b° 14.75 Jow Haw 82.50 @ 31.33 ¢ 60.57 A
Sew Gliang 10.67 © 16.00 B¢ 13.33 Sew Gliang 28.00 © 27.67 ¢ 27.83 ¢
Jow Lisaw San-pah-tawng 29.00 ® 10.67 © 16.67 Jow Lisaw San-pah-tawng 67.33° 36.00 © 51678
Average 19.92* 12.88 8 Average 65.15* 32468
DRN Leum Pua 47.33° 31.67°¢ 39.50 8 TRN Leum Pua 109.67 @ 59.00 < 80.71 A
Jow Haw 54.00 P 27.60 <@ 37508 Jow Haw 100.75 2b 52.33 cde 80.00 A
Sew Gliang 19.33 ¢ 24.67 <@ 22.00 € Sew Gliang 4133 ¢ 45.33 e 4333 8
Jow Lisaw San-pah-tawng 93.00 2 24.33 < 47.22 A Jow Lisaw San-pah-tawng 91.00 ° 65.67 © 7833 A
Average 53.42%° 26.65 8 Average 86.85" 55.858
TRN Leum Pua 72.00 ° 4333 ¢ 57.67 "8
Jow Haw 69.33 0 42.00 © 52258
Sew Gliang 30.00 © 40.67 © 3533 ¢
Jow Lisaw San-pah-tawng 122.00 @ 35.00 © 64.00 A

Average

73.33 A 39.53 8

Means followed by different letters within soil textures in each parameter are significantly different at the 0.05 level.
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Table 3 Means of Root Diameter, Stele Diameter, Number of Metaxylem, and Average of Metaxylem Area at the tillering and booting stages of the four rice varieties.

(a) Tillering stage

(b) Booting stage

Root Stele Average area Root Stele Average area
Number of Number of
Treatment diameter Diameter of metaxylem Treatment diameter Diameter of metaxylem
metaxylem metaxylem
(um) (um) (um?) (um) (um) (um?)
Soil Texture (A) Soil Texture (A)
Sandy loam 1,272.58 392.31 7.83 3,089.36 Sandy loam 1,148.80 342.89 5.92 2,896.59
Clay loam 1,257.94 346.47 6.50 2,468.95 Clay loam 1,240.74 314.80 6.17 2,621.24
Varieties (B) Varieties (B)
Leum Pua 1,355.80 377.69 @ 7.00 % 2,555.17 Leum Pua 1,327.83 @ 411.29° 6.00 3,206.15
Jow Haw 1,353.82 401.42°@ 8.67 2 2,880.65 Jow Haw 1,214.58 303.18 ° 5.83 2,714.98
Sew Gliang 1,093.74 285.58 © 5.67° 2,325.13 Sew Gliang 1,115.83 b 294.00 ° 6.00 2,350.60
Jow Lisaw San-pah-tawng 1,257.67 412.88 2 733 3,355.67 Jow Lisaw San-pah-tawng 1,120.83 ® 306.91 ° 6.33 2,763.91
A ns ns ns ns A ns ns ns ns
B ns ** * ns B * * ns ns
AxB ns ns ns ns AxB * ns ns ns
CV (%) 15.35 16.43 22.25 35.24 CV (%) 10.92 20.39 21.10 2243

Note: The same letter (s) in each column means no significant difference at p<0.05 by DMRT, ns=not significant at p<0.05, and *, ** indicates significant difference at p<0.05 and p<0.01, respectively.
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Table 4 Interaction of the two types of soil texture and the four rice varieties on the means of Root Diameter at the

booting stage.

(b) Booting stage

Soil Texture (A)

Parameter rice varieties (B) Average
Sandy loam Clay loam
Root diameter (um) Leum Pua 1,183.83 be 1,471.83 2 1,327.83 A
Jow Haw 1,350.33 1,123.83 b¢ 1,214.58 A8
Sew Gliang 961.16 © 1,270.50 2 1,115.83 8
Jow Lisaw San-pah-tawng 1,144.89 bc 1,096.78 b¢ 1,120.83 B
Average 1,148.80 1,240.74

Means followed by different letters within soil textures for each parameter are significantly different at the 0.05 level.
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