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Abstract

Interspecific hybrid sugarcane results from crosses between commercial sugarcane
and wild sugarcane (Saccharum spontaneum), which enhances genetic diversity and drought
tolerant capacity. This study aimed to evaluate root anatomical characteristics and
physiological traits of BC1 sugarcane clones with varying degrees of drought tolerance. The
experiment was conducted under pot conditions using a 2 x 4 factorial design in a randomized
complete block design (RCBD). Factor A consisted of two water management levels: 1) well-
watered with soil moisture maintained at field capacity, and 2) water-withholding during early
growth for 18 days (30-48 days after transplanting). Factor B comprised four BC1 sugarcane
clones: BC1-21, BC1-44, -tolerant clone BC1-50 and BC1-63 -susceptible clone. BC1-44
exhibited superior capacity to maintain growth and physiological functions compared to other
clones, displaying high drought tolerant indices across multiple parameters including tiller
number, photosynthetic rate, SPAD chlorophyll meter reading (SCMR), and transpiration rate.
Root characteristics revealed particularly BC1-44, possessed greater root length, surface area,
and volume compared to other genotypes. Additionally, this clone exhibited root anatomical
features conducive to water transport efficiency, including abundant xylem vessels and
appropriately sized vascular bundles at both the basal and distal regions of the root. In
contrast, the susceptible clone BC1-63 demonstrated fewer but larger xylem vessels and lower
drought tolerant index (DTI) values in certain characteristics. The understanding in the

differential response of these clones will support the improvement of interspecific hybrid
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sugarcane breeding programs to enhance drought tolerance during early growth stages, thereby

increasing the efficiency of sugarcane production systems during the early rainy season.

Keywords: Sugarcane root system; Root length; Xylem vessels; Photosynthesis; Transpiration
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Figure 1. Height (cm) (a) and tiller number (b) of BC1 clones: drought-tolerant (BC1-21 and
BC1-44) and drought-susceptible (BC1-50 and BC1-63) at 48 days after transplanting (DAT).
Drought tolerant index (DTI) of four sugarcane cultivars calculated based on field capacity (FC)

and water-withholding (WW)
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Figure 2. SPAD chlorophyll meter reading (SCMR) (a), maximum quantum efficiency of PSI;
(Fv/Fm) (b), stomatal conductance (gs) (c), transpiration rate (TE) (d) and net photosynthetic
rate (Pn) (e) of BC1 clones: drought-tolerant (BC1-21 and BC1-44) and drought-susceptible (BC1-
50 and BC1-63) at 48 days after planting. Drought tolerant index (DTI) of four sugarcane clone
calculated based on field capacity (FC) and water-withholding (WW)
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Figure 3. Root length (cm) (a), root surface area (cm?) (b), root diameter (c) and root volume
(cm?) (d) of BC1 clones: drought-tolerant (BC1-21 and BC1-44) and drought-susceptible (BC1-
50 and BC1-63) at 48 days after planting. Drought tolerant index (DTI) of four sugarcane cultivars
calculated based on water-withholding (WW) and field capacity (FC)
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Table 1. Root base anatomy of sugarcane clones BC1: drought tolerant (BC1-21 and BC1-44)
and drought sensitive (BC1-50 and BC1-63) ). Root cross-sections were taken at 10 to 20 mm

below the root-shoot junction, at 48 days after planting.

Cultivar Xylem Xylem Stele size Total Root size Xylem size
number size Xylem size percentage
(um2) (um2) (um2) (um2) (%)
BC1-21
Field capacity (FO) 19 6,937 a 115,028 a 585,380 6,543,200 b 13
Water withholding (WW) 15 5,535 b 71,220 b 604,350 4,755,100 a 9
F-test ns xx xx ns x* xx
DTl 0.83 0.79 0.61 1.02 a 0.73 0.69 a
BC1-44
Field capacity (FC) 11 9,129 104,355 a 562,780 a 8,324,600 a 7b
Water withholding (WW) 11 8,723 92,988 b 503,680 b 4,652,800 b 10.8 a
F-test ns ns x> ns x* *
DTI 1 0.96 0.89 0.89 b 0.56 1.54 b
BC1-50
Field capacity (FC) 12 7,785 100,028 714,350 6,848,600 10.5 a
Water withholding (WW) 12 7,147 88,287 653,430 6,799,400 98 b
F-test ns ns ns ns ns ns
DTl 1 0.92 0.88 091 a 0.99 0.93 ab
BC1-63
Field capacity (FC) 12 7,198 90,418 a 741,680 8,102,700 a 12.8
Water withholding (WW) 14 6,497 75,546 b 649,280 5,177,400 b 9.5
F-test ns ns x* ns x* ns
DTI 1.17 0.9 0.84 0.88 ab 0.64 0.75 a

ns indicates non-significance; *, ** indicate significance at the 0.01 and 0.05 levels of probability, respectively. Means in the
same column with the same letters are not significantly different according to the least significant difference (LSD) test at
P<.05. Drought tolerant index (DTI) of four sugarcane cultivars calculated based on field capacity (FC) and water-withholding

(Ww)

]
v A

U7 22 atuft 2: €0220208 13/18



NARESUAN AGRICULTURE
j JOURNAL Root Anatomical Responses of Interspecific Sugarcane Hybrids
~ ISSN: 3088-1994 (Online)

Field
capacity
(FC)

Water
withholding ¢
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Figure 4. Root stele features of BC1 clones: drought-tolerant BC1-21 (a,e) and BC1-44 (b,f) and
drought-susceptible BC1-50 (c,g) and BC1-63 (d,h). Root cross-sections were taken at 10 to 20

mm below the root-shoot junction, at 48 days after transplanting (DAT).
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Figure 5. Root stele features of BC1 clones: drought-tolerant BC1-21 (a,e) and BC1-44 (b,f) and
drought-susceptible BC1-50 (c,g) and BC1-63 (d,h) ). Root cross-sections were taken at 10 to 20
mm above root apex, at 48 days after transplanting (DAT).
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Table 2. Root apex anatomy of sugarcane clones BC1: drought tolerant (BC1-21 and BC1-44)
and drought sensitive (BC1-50 and BC1-63) ). Root cross-sections were taken at 10 to 20 mm

above root apex, at 48 days after planting.

Xylem Xylem Stele size  Total Xylem Root size Xylem size
Cultivar number size size percentage
(um2) (um2) (um2) (um2) (%)
BC1-21
Field capacity (FC) 14 6,222 107,747 657,680 1,370,500 5
Water withholding (WW) 12 4,725 79,221 430,700 1,064,200 a4
F-test ns ns xx xx xx ns
DTl 0.89 0.79 0.74 0.65b 0.77b 0.8
BC1-44
Field capacity (FC) 13 6,246 97,736 a 427,080 739,980 b 6
Water withholding (WW) 10 5,477 59,339 b 416,430 514,800 a 8.5
F-test ns ns x> ns xx ns
DTI 0.75 0.88 0.61 0.98 a 0.7b 1.42
BC1-50
Field capacity (FC) 11 5,027 76,086 a 521,700 9,916,500 a 5
Water withholding (WW) 12 6,078 64,499 b 487,680 7,759,000 b 6
F-test ns ns * ns x* ns
DTI 1.09 1.21 0.85 0.96 a 0.78 a 1.22
BC1-63
Field capacity (FC) 11 5,895 a 99,252 a 636,200 a 9,145,800 b 7a
Water withholding (WW) 11 4,621 b 66,564 b 320,700 b 12,527,000 a 25b
F-test ns > " " " "
DTI 1 0.78 0.67 05a 1.37b 0.36

ns indicates non-significance; *, ** indicate significance at the 0.01 and 0.05 levels of probability, respectively. Means in the
same column with the same letters are not significantly different according to the least significant difference (LSD) test at
P<.05. Drought tolerant index (DTI) of four sugarcane cultivars calculated based on field capacity (FC) and water-withholding

(Ww)
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