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Abstract

Yield interaction of rice genotypes under different environments
was found in this study. The experiment of this study was focused
on yield adaptation of 14 KDML105 Introgression Lines (ILs) (devel-
oped by NSTDA of Thailand) compared with the original KDML105.
Fourteen ILs containing different gene combinations of Bacterial
Blight Resistance, Blast Resistance, Brown Planthopper resistance
and submergence tolerance, were evaluated across three diverse lo-
cations of Northeastern Thailand, including Khon Kaen, Nong Khai,
and Roi Et (totally 6 environments). The experiment was conducted
in 2019 and 2020 during wet season and laid out in a randomized
complete block (RCB) design with three replications. Grain yield
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and natural disease incidence related to traits of improvement were
mainly considered in this study. Yield stability analysis indicated that
there were four genotypes showing high yield stability including gen-
otype 4 (RGDUO03009-11-107-13-B), 6 (RGDU03012-218-19-7-B),
7 (RGDU03014-381-193-1-B), and 8 (RGDU03014-381-197-1-B).
While, another four genotypes (1 (RGD00002-MS83-3-B4-49), 10
(RGDUO03009-5-46-1-B), 12 (RGDU03028-MS109-MS9-MS4-36-
B-B), and 14 (RGDURSC-6-14G08)) showed specific adaptation.
Moreover, the results revealed that Bacterial Blight (BB) infection
was the main factor affecting yield stability. Among specific adapted
genotypes, three BB-resistant ILs, including 1, 12, and 14, were well
adapted to severe BB infection environment. Therefore, these three
genotypes could provide a new improved rice varieties for BB resis-
tance in Northeastern Thailand. Additionally, these results suggest
that BB resistance is a prerequisite for future rice breeding in north-
eastern Thailand

Keywords: Biotic stress; Jasmine rice; Ooze; Rice disease; Xoo;
Yield adoption

Introduction

Khao Dawk Mali 105 (KDML105) is the most popular commer-
cial jasmine rice cultivar produced and consumed in Thailand because
of its rich high cooking quality, aroma and softness. The vast major-
ity of jasmine rice KDML105 produced in Thailand is exported to
world rice trading markets rivaled with large exporters such as India,
Cambodia, and Vietnam (Thai rice exporters association, 2019). Un-
fortunately, the KDML105 is well adapted to the low soil fertility of
the rainfed lowlands of Thailand especially Northeastern, it is very
susceptible to various abiotic and biotic constraints, including flash
flooding, drought, soil salinity, blast and Bacterial Blight (BB) dis-
eases, the Brown Planthopper (BPH) and the White Back Planthopper
[1,2].

Rice disease, blast, in rice crops is the most disastrous, causing
70-80% yield loss. This disease was originated in China around 7000
years ago [3]. Rice blast has become more difficult to control because
of the pathogen’s ability to survive and multiply in harsh environmen-
tal conditions and easily spread to new fields [4, 5]. In Thailand, it’s
reported that blast affected approximately 69,139 ha of wet-season
production area in northeast Thailand [6]. KDML105 was identified
to be blast susceptible which compared with blast resistance variet-
ies [7]. Flooding is one factor affecting rice growth and yield mostly
in South and Southeast Asia especially India, Bangladesh, Thailand,
Vietnam, Myanmar and Indonesia are exposed to flash flooding during
rainy season [8]. Nearly 22 million hectares of rainfed lowland areas
of South and Southeast Asia get affected due to flooding. Economic
loss is estimated to be 1 billion US dollar [9]. Thailand rice produc-
tion wet-season 2019 had 1.12 million ha that were affected by flood-
ing [10] especially the KDML105 growing area. While KDML105
had low percentage of surviving seedling and percentage of seedling
elongation after 12 days submerges condition with 100 cm. above [2].
Bacterial Blight (BB) is one of the most serious diseases in rice. The
early disease occurrence symptom greatly effected growth and yield
more than 40% [11]. Thai jasmine rice KDMLI105 in one variety is
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very susceptible to BB. In year 2005-2006 KDML105 and IR1188
(BB resistance variety carrying Xa21) were validated by artificial in-
oculation for BB resistance which was performed with the thirteen
Xoo strains were collected around Thailand [12] similar with other
reported KDML105 which is very susceptible to BB disease [13].
Brown Planthopper (BPH) infested on rice plants at maximum tiller
stage have fewer panicles per unit area and fewer grains per panicle,
while plants infested after the heading stage have lower percentages
of ripened grain and gram weight. The heavily infested plants exhibit
the characteristic symptom commonly referred to as hopperburn [14].
BPH infestion to KDML105 reported decide to susceptible which
compared with BPH resistance rice improved lines [2].

Therefore, to enhance resistance and tolerance of KDML105 to
biotic and abiotic stresses, introgressing multiple resistance genes
into one genotype KDML105 improved version through marker as-
sisted backcross selection (MABS) is necessary [15]. Previously, a
few researchers have improved stress resistance and/or tolerance of
KDML105 through MABS. Jairin [16] developed the KDML105 for
Brown Planthopper resistance with grain quality characteristics, se-
lected the elite lines and then evaluated yield and grain quality. Like-
wise, submergence tolerance [17,18] and Brown Planthopper resis-
tance of KDML105 have also been improved by Korinsak [2], who
selected the pyramiding lines to evaluate and characterize agronomic
traits under field conditions in Northeast Thailand for selction the
promising lines. However, these improved KDML105 varieties were
not considerably accepted by farmers because the adaptability was
probably not appropriate for farming practices.

To overcome this obstacle, the National Science and Technology
Development Agency (NSTDA) of Thailand improved new genera-
tions of jasmine rice KDML105 introgression lines (ILs) for multiple
disease resistance through MABS [2 and 15]. KDML105 ILs were in-
tensely validated for gene expression and preliminaries selection for
yield and agronomic traits. Moreover, the KDML105 ILs should be
evaluated for field resistance, yield stability, and agronomic traits un-
der field conditions in massive utilization areas in Northaest Thailand
with multilocational yield trials. Evaluation environments for Genetic
X Environment Interaction (GXE) needed to evaluate ILs on differing
in soil properties, rainfall, rain distribution, and disease occurrence.
Therefore, the objective of this study is to evaluate yield stability and
yield response of rice KDML105 introgression lines (ILs) derived
from MABS, compared to the original KDML105 under diverse en-
vironments with much higher frequency of biotic and abiotic stress
which related to introgression genes in Northaest Thailand.

Materials and Methods

Plant Materials: The experimental material consisted of a stan-
dard check variety KDMLI105 and fourteen KDML105 Introgres-
sion Lines (ILs), which through from chromosome segmentation
technique which gene pyramiding into KDML105 recurrent parent.
Seven donor parents each carrying resistance genes for different
traits, i.e., IRBB21 (Xa21) and IR62266 (xaS5) for BB resistance,
JHN (qBLchl&11) and P0489 (qBLch2&12) for blast resistance,
Rathu and Abhaya (Bph6&12) for brown plant hopper resistance,
and FR13A (SubqTLch9) for submergence tolerance. After crossing,
marker-assisted selection (MAS) was utilized to identify and select
the introgression lines that contain multiple resistance/tolerance
genes. The ILs obtained resistance/ tolerance genes representing two,
three, and four-trait combinations were designated, respectively. Core
selection based on genotypes and phenotypes data was used to select
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perfectly fourteen ILs to evaluate yield stability compared with the
original KDML105 totaling 15 genotypes were used for this exper-
iment (Table 1).

r

Entry Pedigree Gene/QTLs Traits of improvement
Submer-
BB BPH Blast
. . . gence
resis- resis- resis-
toler-
tance tance tance
ance
RGD00002-
SubQTLch9,
1 MS83- / - - /
Xa21
3-B4-49
RGD00002-
SubQTLch9,
2 MS83- / - - /
Xa21
3-B4-88
3 RGDU03009- SubQTLch9, / /
11-107-9-B QTLBphch12
4 RGDU03009- SubQTLch9, / /
11-107-13-B QTLBphch12
5 RGDU03009- SubQTLch9, / /
4-38-B QTLBphch12
6 RGDU03012- SubQTLch9, / /
218-19-7-B QTLBphchl12
7 RGDU03014- SubQTLch9, / /
381-193-1-B QTLBphch12
3 RGDU03014- SubQTLch9, / /
381-197-1-B QTLBphch12
9 RGDU03014- SubQTLch9, / /
381-197-2-B QTLBphch12
10 RGDU03009- SubQTLch9, / /
5-46-1-B QTLBphch12
RGDU03028-
Xa2l, QTLB-
11 MS109-MS9- / / - -
phch6&12
MS4-35-B-B
RGDU03028-
Xa2l, QTLB-
12 MS109-MS9- / / -
phch6&12
MS4-36-B-B
RGDU03029- SubQTLch9,
13 MS721- Xa21, QTLB- / / - /
M11-B-2-22 phch6&12
SubQTLch9,
RGDUR- Xa5&21,
14 / / / /
SC-6-14G08 Bph3&4,
QBLI1&I11
15 KDML105 - - - - -
Table 1: Resistance gene combination of fourteen rice Introgression
Lines (ILs) derived from marker assisted selection and standard check
KDML105.
BB = Bacterial Blight, BPH = Brown Planthopper

J

Experimental Sites, Experimental Design and Field Management:
The experiment was conducted under paddy field condition in 2019
and 2020 during wet season in main production sites of KDML105 in
Northeastern Thailand. Three diverse locations, including Khon Kaen
(16°45°10”N 102°37°58”) represented irrigated area, Nong Khai
(17°51°0”N 102°35’6”E) represented slope rainfed area along Maek-
hong river, and Roi Et (15°36°33”N 103°48°1”E) represented dry and
late-planting rainfed plain area and the biggest KDML105 production

area [19], were selected for evaluating yield stability.
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The experiment was laid out in Randomized Complete Block
(RCB) design with three replications. The thirty-day seedlings were
transplanted into field plot using three seedlings per hill. The size of
the plots were held at 8 m2 (2 m x 4 m) with a row and hill spacing of
0.25 m and 0.25 m, respectively. Fertilizer applications were applied
after 7 days tranplanting. Fertilizer formula 16-20-0 was used for clay
soil at a rate of 50 kg ha—1: 62.5 kg ha—1: 0 kg ha—1 (N: P205: K20)
and 16-8-8 was used for sandy loam soil at a rate of 50 kg ha—1: 25 kg
ha—1: 25 kg ha—1 (N: P205: K20) which applications were followed
by the Department of Agriculture of Thailand. Field management,
such as weed, insect, disease, and moisture condition, were controlled
manually.

Data Collection: Data collection was recorded for agronomic traits,
field disease occurrence cause by natural disease infection, yield and
yield components, and climatic data which affected yield stability.

Agronomic traits were focused on plant type such as tiller num-
ber, plant height, panicle number, and day to flowering. Tiller number
recorded was conducted at maximum tiller stage until before booting
stage. Plant height and panicle number were recorded at permanent
plant growth stage (marturity stage) measure from ground to plant tip.
Day to flowering was recorded on each plot by counting the flowering
hills from the start of flowering and again every two days until 50%
of the plot which used for assign harvest day at 30 days after 50%
flowering. Yield and yield components were recorded after harvest.
Plot yield was sampling without border effect from 4 m2 (64 hills)
per plot. The perfected grain with 14% seed moisture content were
measured for grain yield. Harvest index was harvest 4 whole plants to
measure biological yield and economic yield (HI = Biological yield/
Economic yield). 1,000 seed weight were sampling perfect seed from
grain yield.

Climatic data was recorded for soil properties and rainfall. Soil
properties measurement was analyzed before experiment when sam-
ples of each location were collected following soil sampling guide-
lines [20] to obtain soil properties data. And the rainfall during the
experiment period used the manual rain gauge instate without shading
for individual environments record at 7.00 am of the rainy days.

Field Disease Resistance evaluations used the severity scale of the
Standard Evaluation System for rice (SES) [21, 22]. Disease evalua-
tion was conducted when the symptom appeared, and continued every
seven days. The disease resistance was scored for ten plants per plot
and the average score was calculated. The highest severe score were
used for analysis.

Statistical Analysis: Analysis of variances (ANOVA) of this exper-
iment was performed using RCBD and combined analysis. A least
significance different (LSD) at p <0.05 [23] were done for mean com-
parisons using Stat10 software. The AMMI analysis (cluster dendro-
gram and GGE-biplot) for yield stability and yield response analysis
were carried out used R software [24, 25].

Results

Grain Yield of Rice Introgression Lines at Various Environments:
The combined analysis of variance across 6 environments for 15 gen-
otypes showed that environment (E) and GxE interaction significantly
(p < 0.01) affected the grain yield. While there was not a significant
difference among the Genotypes (G). Additionally, the environment
contributed to the biggest variation (SS) revealing the need for further
analysis of stability (Table 2).
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Source DF MS F
Environment (E) 5 11,960,000 21.80%*
Reps. within E 12 548,719
Genotypes (G) 14 228,611 0.92ns
G x E interaction 70 486,724 1.96%*
Pooled error 168 248,012
Total 269

Table 2: Combined analysis for rice grain yield of 15 genotypes evaluated
in six environments.

ns = not significant difference; * = significant at 95 %; ** = significant at
99 %, DF = degree of freedom, SS = sum of square, MS = mean square

Mean comparison of effective grain yield for individual environ-
ment caused by GxE interaction. The environments with higher mean
yield were Khon Kaen 2019 (4,391 kg./ha) followed by Nong Khai
2020 (3,383 kg./ha), Nong Khai 2019 (3,328 kg./ha), Khon Kaen
2020 (3,282 kg./ha), Roi Et 2020 (3,015 kg./ha) and Roi Et 2019
(2,976 kg./ha) respectivly. The results showed that there were no sig-
nificant differences in five environments including Khon Kaen 2019,
Nong Khai 2019, Roi Et 2019, Khon Kaen 2020, and Roi Et 2020
but the other environment Nong Khai 2020 was significant at 95%
confidence level (Table 3). Where focus on Nong Khai 2020 condi-
tions, presenting as top three genotypes were higher-yielding than the
standard check KDML105 including 1 (RGD00002-MS83-3-B4-49),
12 (RGDU03028-MS109-MS9-MS4-36-B-B), and 14 (RGDUR-
SC-6-14G08). While other genotypes were not significant compared
to KDML105 (Table 3). While, genotype 10 (RGDU03009-5-46-
1-B) presented low yield at NK 2020 but the other five environments
showed high yields. Other genotypes without above lines mostly not
extremely yield value changed among locations.

Yield (kg/ ha)
En- R A KK NK RE KK NK RE
Line/ variety
try 2019 2019 2019 2020 2020 2020
RGDO00002-
1 4,073 | 3,591 2,910 3,272 | 4,408* 2,826
MS83-3-B4-49
RGD00002-
2 4563 | 3343 | 2,615 | 3,168 | 3,533%¢ | 2,491
MS83-3-B4-88
RGDU03009-11-
3 4,378 | 3,385 2,944 3,453 | 2,658 | 3,181
107-9-B
RGDU03009-11-
4 4,784 3,351 3,399 3,196 | 3,006 < | 2,938
107-13-B
RGDU03009-4-
5 38.B 4,645 | 3,088 2,552 3,039 | 2,727 < | 2,702
RGDU03012-218-
6 4436 | 3,940 | 2,746 | 3,137 | 3,177« | 3,553
19-7-B
RGDU03014-381-
7 4,662 | 3,263 2,927 3,411 | 3,122« | 3,138
193-1-B
RGDU03014-381-
8 4,174 | 3,223 2,773 3,424 | 3,255%4 | 2,880
197-1-B
RGDU03014-381-
9 4,173 | 3,255 3,315 3,401 | 3,665*¢ | 3,069
197-2-B
RGDU03009-5-
10 4,734 4,094 3,549 3,466 2,067 ¢ 3,065
46-1-B
RGDU03028-
11 MS109-MS9- 4,369 | 3,171 3,184 3,283 | 3,676 *¢ | 3,320
MS4-35-B-B
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Blast disease occurrence period much found for first symptom and
e follows by BB (Figures 1 d f blast path ditributi
12 MS109-MS9- | 4302 | 3319 | 2486 | 3188 | 4296% | 3200 otlows by ( lgures -H cause of blast pathogen was ditribution
MS4-36-B-B by airborn and BB disease was distribution by waterborn. The 2019
RGDU03029- environments (Figures 1 a-c) were low disease infection which only
13 MS721- 4,197 | 3,070 | 3,560 | 3,084 | 3,708 % | 2,949 Khon Kaen 2019 (Figure 1 a) was found blast disease occurrence after
M11-B-2-22 high rainfall with low severity symptom. On the contrary 2020 (Fig-
RGDUR- ure 1 d- f) environments found both blast and BB disease symptoms.
14 3,764 | 2,870 | 2362 | 3,175 | 4418 | 3,038 . . . o .
SC-6-14G08 Blast disease was high severity at about tillering stage to PI (Figures 1
s KDML105 4608 | 2958 | 3317 | 3532 | 3.026% | 2.863 d-f). BB disease was high severity about maxmum tillering to before
flowering stage (Figures 1 d-f).
Mean 4391 | 3,328 | 2,976 | 3,282 | 338 | 3,015 .
F-test ns ns ns ns * ns
C.V. (%) 104 | 1199 | 2215 | 951 | 1853 | 14.67
Table 3: Grain yield comparison of 15 rice genotypes evaluated across six
environments
Ns = not significant difference; * = significant at 95 %, KK 2019 = Khon
Kaen 2019, NK 2019 = Nong Khai 2019, RE 2019 =Roi Et 2019, KK 2020
= Khon Kaen 2020, NK 2020 = Nong Khai 2020, RE 2020 = Roi Et 2020

Environmental Characterizations: Environmental condition of six
environments were different for altitude, soil texture, and rainfall. Al-
titudes were slightly different across six environments, where Khon
Kaen was highest, followed by Nong Kai and Roi Et, respectively.
In Khon Kaen and Roi Et, soil texture was sandy loam soil but Nong
Khai was clay soil (Table 4). Rainfall distribution during experiment,
there was a different pattern of rainfall between 2019 and 2020. The
rain in 2020 (July-November) distributed wider than 2019 (July-Sep-
tember) as number of rainy days (NRD) and number of rainy weeks
(NRW) in 2020 was higher than in 2019 (Figures 1 a-c and Table 2).
Although the rain in 2020 distributed wider than in 2019, the total

rainfall accumulative (TRC) of three individual environments in 2019 Figure 1: Rainfall (mm.) per week during experimaental planting of indi-

were unanimous higher than in 2020 (Figures 1 d-f). Similarly, the vidual six environments including Khon Kaen 2019 (a), Nong Khai 2019
TRC/NRD and TRC/NRW ratios of the three locations in 2019 were | (b), Roi Et 2019 (c), Khon Kaen 2020 (d), Nong Khai 2020 (¢), and Roi
higher than in 2020 (Figures 1 and Table 2). This result indicated that Et2020 (D

there was a heavy rain on short-distributed period in 2019, while the TP = Transplant, MT/ PI = Maximum tiller number/ Panicle primodia inti-

ation, FL = Flowering, M = Maturity, Blast = Blast disease screening, BB

wide-distributed rainfall period was found in 2020. = Bacterial blight discase screening

e

Alti- Rainfall . L L -,

. tude TRCY RO Soil . The environment chara..ct.erlzatlon‘for grouping similar Cf)l’ldltlons
Environment |,y | NRD | oo | NRWop | TRC | ture into same groups and splitting the different environments into each
Khon Kaen Sandy group based on grain yield of genotypes interaction under each en-

2019 220 | 28 | 66.02 9 2122 ) 5942 vironments cause of the rice introgreesion lines were contained for
Nong Khai various introgressed genes (Table 2).

2019 200 | 29 | 9536 7 23.02 | 667.5 Clay

ond Mean yield comparison showed highly significant difference rang-

Roi Et2019 | 120 | 33 | 10579 | 7 2244 | 740.5 1::my ing by higher mean yield in Khon Kaen 2019 followed by Nong Khai

Chon K Sond 2020, Nong Khai 2019, and Khon Kaen 2020 with the mean yield of

Zzzoae" 20 | 41 | 3579 | 14 | 1222 | 5011 lan Y 4,391 kg/ha, 3,383 kg/ha, 3,328 kg/ha, and 3,282 kg/ha, respectively.

oam . . . . . .
Noms Khai Meanwhile, the lower yield has two environments including Roi Et
on; al . . .
2520 200 34 | 5725 1 18.52 | 629.7 Clay 2019 and Roi Et 2020 with the mean yield 2,976 kg/ha and 3,015 kg/
Sand ha, respectively (Table 5). In addition, environment characterization
. and . . . .
Roi Et2020 | 120 33 | sL14 )12 18.60 | 613.7 loamy also focused on field disease resistance of those related with intro-
. ) ) ) ; gresses genes. Field disease resistance of this study observed disaese

Table 4: Environmental data (rainfall during experiments, altitude, and t fected b tural infecti ith local unk di
soil texture) of six evaluated environments. ‘Symp om a e‘C cd by natural 1ntection IWI . ocal un nqwn 1scase
) ) isolates. In this study, blast and bacterial blight (BB) disease were
NRDk: ?Encqb_erprotf lr an}yf(ﬁty (da}l/st)., NRW T Number of rainy week found at experriment sites as the blast infection was found in four
(weeks), otal rainfall cumulative (mm. environments including Khon Kaen 2019, Khon Kaen 2020, Nong

J

Khai 2020, and Roi Et 2020 with the maximum score ranging from
Diseaes Occurrence Period of Blast and BB diseases was mostly  3.87 - 4.93. The severity of blast infection was highest at Khon Kaen
born after the continuous rainfall and depended on local pathogens. 2020 (4.39). While BB infection was found in three environments of
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Khon Kaen 2020, Nong Khai 2020, and Roi Et 2020. The BB maxi-
mum score ranged from 2.89-6.60, in which Nong Khai 2020 showed
the highest score (Table 5).

To summarize the enveironment characterization, Khon Kaen
2019 has higher grain yield condition with low disease infection,
Khon Kaen 2020, Nong Khai 2019, Roi Et 2019 and Roi Et 2020 have
ordinary condition with low disease infection, and Nong Khai 2020
has high grain yield deviation with severe bacterial blight infection.

Blast score BB score
Environment Yield (kg./ ha) average | maximum aver maxi-
age mum
Khon Kaen 2019 4,391 * 1.95 3.98
Nong Khai 2019 3,328%
Roi Et 2019 2,976¢
Khon Kaen 2020 3,282t 333 4.39 225 2.89
Nong Khai 2020 3,383" 2.04 3.93 4.68 6.60
Roi Et 2020 3,015« 1.86 3.87 3.84 4.20
Mean 3,396
CV (%) 21.81
F-test Hok
Table 5: Mean yield, average and maximum score of blast and BB of
individual six environments
** = significant at 99 %

Yield Stability: Yield stability analysis is showing on GGE-biplot
(Figure 2). The principal components explained 77.1% (PC1 = 63.3%
and PC2 = 13.8%) of the total GGE variation. Yield stability of rice
introgression lines were compared with KDML105 (15). KDML105
were found as the high stability genotype which close to the center
of cross position. Likewise, three ILs, 4 (RGDU03009-11-107-13-B),
6 (RGDU03012-218-19-7-B), and 7 (RGDU03014-381-193-1-B).
On the other hand, low stability ILs were found in 7 genotypes, 1
(RGD00002- MS83-3-B4-49), 2 (RGD00002-MS83-3-B4-88), 3
(RGDUO03009-11-107-9-B), 4 (RGDU03009-11-107-13-B), 10 (RG-
DU03009-5-46-1-B), 12 (RGDU03028-MS109-MS9-MS4-36-B-B),
and 14 (RGDURSC-6-14G08) (Figure 2). Interestingly, the results
also showed that some ILs were low stable but specifically adapted to
some environments. Evidently, ILs 1 (RGD00002-MS83-3-B4-49),
12 (RGDU03028-MS109-MS9-MS4-36-B-B), and 14 (RGDUR-
SC-6-14G08) specifically adapted to environment 5 Nong Khai 2020
with high yield but the yield was slightly low in other 5 environments,
meanwhile, IL 10 (RGDU03009-5-46-1-B) adapted positively in en-
vironment Khon Kaen 2019, Nong Khai 2019, Roi Et 2019, Khon
Kaen 2020, and Roi Et 2020 but negatively adapted in environment
Nong Khai 2020 (Figure 2).

Field Disease Resistance of the Introgression Lines: The field dis-
ease resistance of KDML105 introgression lines were evaluated in all
environments with special focus on disease were related with intro-
gressed genes. Rice disease of this experiment was found in two dis-
ease blast and bacterial blight in environments four and three respec-
tively. Blast disease infection showing hihert severity at moderately
(< 5 score) which blast symptom could classified the blast resistance
ILs number 14 to show satisfying gene expression with low disease
score at all observed sites. And BB disease infection at three sites
showing highest severity at Nong Khai 2020 with maximum score
6.60 which classified the BB resistance ILs number 1, 2, 10, 11, 12,

Figure 2: GGE-biplot for 15 rice genotypes evaluated across six envi-
ronments.

The black numbers represent the genotypes (1-15). Each environment is
indicated by a blue number and arrow (1-6). Environment number: 1 =
Khon Kaen 2019, 2 = Nong Khai 2019, 3 = Roi Et 2019, 4 = Khon Kaen
2020, 5 = Nong Khai 2020, 6 = Roi Et 2020

and 14 to show satisfying genes expression with lower scores than
KDML105 and others ILs without BB resistance genes. In addition,
BB disease infection at Nong Khai 2020 is showing most negative
corelation for each grain yield (Table 6).

Yield Response of Bb-Resistant Ils to Severe BB Environments:
To evaluate yield response of genotypes under different environment,
cluster analysis was applied to group environments. The test environ-
ments were divided into three groups, E1, E2 and E3, based on yield.
E1 and E2 groups included one environment, which was KK 2019
and NK 2020, respectively. While the other four environments includ-
ing NK 2019, RE 2019, KK 2020, and RE 2020 were grouped into
E3 (Figure 3). For genotypes grouping based on BB-resistant genes
contained (Table 1), the genotypes were also divided into three groups
(G1, Xa21; G2, Xa21 + xa$5; and G3, non BB-resistant gene) to com-
pare with KDML105 (totalling four genotype groups) (Figure 3).

The results of yield response showed that four-genotype groups
containing different BB-resistant genes displayed difference in ex-
pression across three environment groups. In environment E1 and E3,
grain yield of rice genotypes were not significant. However, based on
the mean yield of each group, KDML105 was the highest yielding
genotype, followed by non BB-resistant ILs, Xa2! ILs, and Xa21+xa5
ILs, respectively, in environment E1. While, in environment E3, the
maximum yield was lower than environment E1 and E2, which non
BB-resistant ILs and KDML105 showed the highest yield, followed
by Xa21 1Ls and Xa2l+xa5 ILs, respectively. In contrast, there was
a significant difference for grain yield among genotype groups in
environment E2. Among genotype groups, Xa2l+xa5 ILs was high-
est-yielding group, followed by Xa21 ILs, KDML105 and non BB-re-
sistant ILs, respectively. Under condition E2 include NK2020 which
BB severe occurrence, the BB resistance rice ILs were high yielding
more than non BB resistance genotypes (Figure 4).

Agronomic Traits of Rice Introgression Lines: Agronomic traits
of rice 15 genotypes were derived from combined analysis. Analy-
sis among lines were highly significant (p < 0.01) for day to flow-
ering (DTF), plant height (PH), tiller number (TN), panicle number
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' Y
Blast and BB Gene/ Blast disease score BB disease score
Entry QTLs KK 2019 KK 2020 NK 2020 RE 2020 KK 2020 NK 2020 RE 2020
1 Xa2l 1.63 3.20% 1.13¢ 1.87 0 2240 2.60¢ 3.67*
2 Xa2l 1.864F 3.57 ¢ 1.47 ¢ 1.40 ¢f 227 2.60¢ 3.80°
3 Xa2l 291° 3220 3.93 2.73 e 227 6.20° 3.80°
4 - 223« 3.4504 2.47 b 3.00® 2.84° 6.60" 393
5 - 2.63% 3.34 %4 233 2.87%® 2.56 ¢ 6.60° 4.20°
6 - 1.16 ¢ 3.08 ¢ 1.02¢ 1.17 % 1.73 ¢ 3.67 4.07°
7 - 1.32 & 2.55¢% 1.23% 1.17 %0 1.64 % 6.20° 4.07°
8 - 1.14 ¢ 273 1.87¢¢ 0.63 223 4.87% 3.80°
9 - 1.18 ¢ 3.39 %4 1.30 ¢ 1.40 ¢f 1.93 b 4.60 3.67*
10 - 2.52% 3.73® 3.60® 2.80 ¢ 2.89*® 5.67® 3.93®
11 Xa2l 1.90 ¢ 3.85® 1.524¢ 1.93b4 2.26%¢ 327¢% 3.67*
12 Xa2l 1.55¢k 3.49 e 2.50 %4 1.03 ¢f 231 3.67 393
13 Xa2l 233« 4390 2.02¢¢ 1.53¢f 2424 44704 4.07°
14 OBLI1&11, xa5&21 0.96" 2.22¢ 1.15% 0.50" 1.41¢ 2.73¢ 2.87°
15 (KDML105) 3.98® 3.70® 3.00 ¢ 3.87¢ 2.71%* 6.47* 4.20°
Mean 1.95 3.33 2.04 1.86 225 4.68 3.84
F-test P o o o * P *
C.V.% 17.39 16.72 34.83 41.3 2228 15.99 9.07
Table 6: Blast and bacterial blight scores of 15 rice genotypes.
* = significant at 95 %, ** = significant at 99 %, KK 2019 = Khon Kaen 2019, KK 2020 = Khon Kaen 2020, NK 2020 = Nong Khai 2020, RE 2020 = Roi
Et 2020

-

_/

Figure 3: Cluster dendrogram of 6 environments based on yield.

Environment: KK 2019 = Khon Kaen 2019, NK 2019 = Nong Khai 2019,
RE 2019 = Roi Et 2019, KK 2020 = Khon Kaen 2020,NK 2020= Nong
Khai 2020, and RE 2020 = Roi Et 2020 Environment group: E1 = envi-
ronment group 1, E2 = environment group 2, E3= environment group 3

Figure 4: Average yield of rice genotype based on BB-resistant group re-
sponding to three environment groups.

(PN), and 1,000 seed weight (SW) meanwhile harvest index (HI) was
significant (p < 0.05). Day to flowering of mostly ILs were nearby
KDML105 excluding number 13 was seven days later and number

14 is only one ILs earlier than KDML105. Plant height of all gen-
otypes were divided into high plant type (>130 cm.) (IRRI, 2013).
Plant height of ILs mostly were nearby KDML105 as number 2, 3,
4,5, 6,7, and 8 excepted number 11, 12, and 14 were shorter than
KDML105 and number 1, 9, 10, and 13 were higher than KDML105.
Tiller number of rice ILs number 11 and 12 were higher and others
ILs were not inferior with KDML105. Panicle number of rice ILs
number 11 and 12 were higher and others ILs mostly were not inferi-
or with KDML105 but number 2 and 9 were lower than KDML105.
Harvest index among genotypes were almost inferior with KDML105
excluding 5 ILs as number 1, 2, 5, 8, and 13 were lower harvest index.
Seed weight of 1,000 seeds among genotypes showing 4 lines viz
number 1, 2, 6, and 7 were higher seed weight and 2 ILs viz num-
ber 12, 13 were lower than KDML105, meanwhile others 8 ILs were
nearby KDML105 (Table 7).

However, the rice selection for utilization in Northeastern Thai-
land under rainfed area much consider on flowering date that must not
later than KDML105 cause of water management at maturity stage.
Plant height is not to higher than KDML105 cause of risk early stage
lodging (before grain filling) which affects crop photosynthesis and
grain yield. Other traits about yield components such as tiller num-
ber, seed weight and HI much selction the lines not inferrior with
KDML105.

Discussion

Yield Adaptation of Rice Introgression Lines (ILs): Yield stabil-
ity of rice ILs carrying different genes combination (Table 1) was
exclusively considered based on stability, mean yield and specific
adaptation. According to our yield stability analysis results, yield
stability were not significant for five environments, except for envi-
ronment NK20 which variation in yield stability of ILs were observed
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Entry DTF PH (cm.) ™ PN HI SW
1 107.4 % 162 99¢h 9.7 def 0.34 < 29.5°
2 106.8 & 157« 9.8 9.4 0.33 < 29.4°¢
3 107.4 & 159 bed 10.3 ¢ 10.2 < 035+ 27.2 4
4 106.7 % 150 bed 10.6 < 10.1 < 0.35 "¢ 26.9 <
5 107.3 <% 157 « 10.7 < 10.2 < 0.33 < 26.1 ¢
6 109.9° 158 bed 10.7 < 10.3 < 0.35 4 27.9°
7 106.2 157¢ 10.5 ¢ 9. def 0.34 26.5 %
8 107.8 « 160 bed 10.0 ¢ 9. def 0.33 % 26.9 <
9 107.1 & L61 3¢ 9.5" 9.2° 0.34 > 26.9 <
10 107.4 & L1 3¢ 1.1 10.7 0.36 27.5%
11 107.9¢ 147 11.8% 114 0.37° 25.9 %
12 108.5¢ 145°¢ 11.9* 11.6* 0.35 %4 257,
13 114.1° 165° 10.6 10.2 < 033° 251"
14 104.4 145¢ 9.9 f2h 0.6 def 0.34 > 27.0 <
15 (KDML105) 106.5 156 ¢ 10.5 10.3 0.36* 26.6 %
F-test ok ok o o * o
Grand Mean 107.7 156 10.5 10.1 0.34 27.0
Table 7: Agronomic traits of of 15 rice genotypes combined across 6 environments
ns = not significant difference; * = significant at 95 %; ** = significant at 99 %, DTF = Days to 50% flowering, PH = Plant height, TN = Tiller number, PN
= Panicle number, HI = Harvest index, SW = 1,000 Seeds weight

(significant at p < 0.05) (Table 3). Variation in yield stability for en-
vironment Nong Khai 2020 was possibly caused by BB infection,
which directly damaged rice grain yield [11]. These similar to Ansari
[26] were estimated rice yield loss caused by bacterial blight. These
study found severity effect on grain yield with the BB infection start-
ed at maximum tiller stage until Flowering Growt Stage (Table 6).

Based on stability analysis results, stability of high stable ILs,
mostly non BB-resistant gene ILs, i.e., IL 4 (RGDU03009-11-107-
13-B), 6 (RGDU03012-218-19-7-B), and 7 (RGDU03014-381-193-
1-B) were close to a recurrent parent KDML105 as yield stability
was not damaged [27]. In contrast, yield stability under high severe
BB condition, the BB resistent ILs could differ in stability expression
with recurrent parent and others BB susceptible varieties [28]. We
found that four BB-resistant ILs (1, 10, 12, and 14) was low stable for
yield, which was contrary with its recurrent parent KDML105. Nev-
ertheless, these four ILs extremely adapted to particular environment
(specific adaptation). Genotype 1, 12, and 14 carried BB-resistant
gene Xa21 and/or xa5 were highest-yielding genotypes under severe
BB infection environment (NK20). On the other hand, genotype 10
performed poor at severe BB infection environment (NK20) but was
highest-yielding genotypes adapted to non-BB infection environ-
ments (KK19, NK19, RE19, KK20, and RE20) (Table 5). To solve
the problem of genotype 10 needing to introgression BB resistance
genes.

Yield Performance of Rice BB-Resistant Xa21 And XaS Genes
Introgression Lines (Ils): In the present study, the different yield
performance of four rice genotype groups, divided based on BB-re-
sistant gene contained, across three environment groups (E1, E2 and
E3) were found (Figure 4). At minimal BB infection environments,
E1 and E3 were high- and low-yielding environments, respectively.
Among the genotype groups evaluated in these two environments,
KDMLI105 and non BB resistant ILs showing high mean yielding

genotype groups, which were higher than Xa21 ILs and Xa21+xa5
ILs. However, the yields were not statistically different among groups
(Figure 4). Whereas, at severe BB infection environment E2, a high-
ly yield significant difference for genotype groups were archived,
in which the yield of Xa21+xa5 ILs and Xa21 ILs were higher than
KDML105 and non BB-resistant ILs (Figure 4, Table 3), [29]. The
result resembling Ansari [11] were studied for yield loss asessesment
of rice due to bacterial blight compared among resistance and suscep-
tible variety at different growth stages with highest yield loss 47.4 %
appeared in susceptible variety but resistance variety presented max-
imum yield loss 16.2 %. The result also reported by Reddy [30] BB
disease infection could reduced the rice yield with high severity when
carly inoculation caused by less panicle fertilization which were af-
fected by plant leaves photosynthesis reduced by BB severity index
on source leaf [31]. Under severe BB occurent area as Nong Khai,
rice variety containing BB resistance genes Xa2l+xa5 or at least
Xa21 should be practiced. In ordinary condition such as Khon Kaen
and Roi Et environments those without severe disease occurrence
should use the lines showing high yield, yield stability and greater
agronomic traits when compare with KDML105.

Disease Resistance of Kdml105 Introgression Lines (Ils) Under
Field Condition: Evaluation the disease resistance of ILs. The ILs
were evaluated in six different environments that have been reported
for the stresses related to gene introgressed. In this study, two stress-
es, blast and bacterial blight (BB) diseases were found. Interestingly,
disease infection was mostly observed in 2020 which the rain dis-
tributed widely (Figure 1). In contrast, short rainfall distribution was
observed in 2019, almost finished in September (Figure 1). Widely
rainfall distribution was previously reported to be related to high rel-
ative humidity [32], which is the favorable condition for infection,
growth and distribution of blast and BB [33] during vegetative to re-
productive phases [11]. Moreover, Khan [33] have demonstrated that
the rainfall positively correlated with severity of blast disease in five
rice varieties. In addition, field management especially plant spacing
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also affected blast disease severity. This studied was low blast disease
severity cause of conducted planting methods for hill and row spacing
which lower leaf blast severity than broadcasted direct seeding [34].
Likewise, BB is waterborne disease distributed along with water [35]
and damaged in the watering condition. Contrary, the short rainfall
distribution likely leads to minimal disease severity.

According to disease observation results in the observed area, the
opportunities of disease incidence caused by natural infection for
blast was found in 4 from 6 environments forecast about 66.6 % and
BB infected was found in 3 from 6 environments (Table 6). Blast
disease infected found in 4 environments included 1 environment in
2019 and 3 environments in 2020 (Table 6), where the severity was
minimal. Although blast severity was minimal, it could classify blast
resistant ILs in this study. Among ILs evaluated, IL 14 (RGDUR-
SC-6-14G08) is the one containing qBI1,11 blast resistance genes
which showed effective gene expression with lower blast score (Table
6), these results were similar to the report of Vannavichit [15] has
improved KDML105 by genes pyramiding which the improved lines
were highly blast resistance more than original KDML105. While BB
infection was more severe with the highest of score 6.60 at NK20
(Table 5), followed by RE20 and KK20, respectively. At NK20, the
ILs contained BB-resistant gene Xa21 or xa5+Xa21 (ILs 1, 2, 11, 12
and 14) showed effective gene expression with lower score (Table 6).
Of which, some ILs, such as 1, 12 and 14, could also maintain high
grain yield. This is in accordance with the previous report of Singh
[29] and Pradhan [36] which stated that the resistant level of rice pyr-
amiding lines harboring multiple BB-resistant genes Xa21+xal3+xa5
was higher than those carried the genes combination of Xa21+xal3
and Xa21+xa5, xal3+xa5 and control variety (most susceptible), re-
spectively.

In addition, to utilized these results, a suitable test environment
for selecting superior genotype under blast and BB infection should
be identified in this study. For BB screening, Nong Khai was suggest-
ed as the best environment as severe BB infection (Table 6). Where-
as, Khon Kaen was suggested as the best environment for field blast
screening because there was a blast infection in both two year experi-
ments. Beside Khon Kaen, Nong Khai and Roi Et were also proposed
to be suitable environments for field blast screening as only 1 of 2
environments were found for blast disease (Table 5).

Agronomic Traits Perfpormance of Rice Introgression Lines:
Plant type of rice ILs through backcrossing methods mostly were
similar to recurrence parent. Moreover, not a hundred percentage
similarity cause of plant phenotype based on genes allell. Actually,
after crossing of homodominace and homorecessive gene were ex-
pression on F2 generation were various. These ILs selection based on
resistance trait by MABS was not selection for all agronomic traits.
This result were similar to the study of Yamada [37], Rice Pyramiding
Lines BC2F3 were developed for BB disease resistance and seletion
by MAS. The selected ILs were used and compare with recurence
parent and some donors parent under greenhouse and field condition
in Nagoya, Japan. The result showed BB resistance actions of ILs
not completely similar with recurenet parent. In addition, Agronomic
traits of individual ILs showing some trait was follows recurent par-
ent and other similar to donor parent.

Conclusion

Combined analysis revealed a significant difference (p < 0.01) for
environment and G x E interaction (genotype was not significant).
By applying the GGE biplot method for yield stability analysis, we
successfully selected rice introgression lines (ILs) for two ideal types,
high stability and specific adaptation, under BB and blast infection
environments. Three rice ILs-genotype 4 (RGDU03009-11-107-
13-B); 6 (RGDU03012-218-19- 7-B); and 7 (RGDU03014-381-193-
1-B) were selected as high stable genotypes nearby its recurrent par-
ent KDML105 (genotype no. 15). While another four rice ILs (1, 10,
12, and 14) were selected for specific-adapted type, which genotype
1, 12, and 14 were higher yield in severe BB infection environments,
and genotype 10 seemed to be rather well adapted in non-BB infec-
tion environments. Moreover, Nong Khai and Khon Kaen were con-
sidered as the suitable test environments for IL selecting under BB
and blast infection, respectively. Although BB disease was the main
factor affecting yield stability in this study, further stability evaluation
of these ILs under others stress related to the genes contained should
be conducted in the future.
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