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Abstract: Fragrant rice landraces are genetically diverse, have a high ability to adapt to local environments
and some varieties are fragrant rice. Aroma is an important characteristic of grain quality and is due to
2-acetyl-1-pyrroline (2AP) which is derived from proline. Factors such as the environment, cultivation
method, and post-harvest management can affect the aroma of fragrant rice. Therefore, the objective
of this research was to evaluate effects of nitrogen (N) application rate on proline contents in leaves
at three growth stages (tillering, booting, and flowering), vield, yield components, seed quality and
expression of badh2 and TP/ genes in Thai fragrant rice landraces, Buer Ner Moo 4 (BNM4). The
pot experiments were conducted in a completely randomized design (CRD) with 6 N fertilizer rate
(30, 60, 90, 120, 150, and 180 kgN/rai) and 3 replications. Urea was used as source of N fertilizer. The
results demonstrated that application N fertilizer at booting led to the highest proline content at the rate
of 180 kgN/rai (2.41 pmol/g fresh weight) compared to application of N fertilizer at the other growth
stages. Furthermore, increasing the rate of N fertilizer increased the yield and yield components of rice.
A sensory test for aroma revealed that BNM4 supplied with 60 kgN/rai had the highest aroma, while
at 150 kgN/rai is non fragrant. The increase in N fertilizer supply did not affect the softness of rice
grain as determined by the alkali test. The expression of badh2 and TP/ genes from the samples at

the 5 days after the anthesis, the highest at 30 and 120 kgN/rai, respectively. This data could be
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useful for cultivation management for enhancing the aroma and productivity of the fragrant rice landraces in

the future.
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Table 1. The criterion used to determine scores of alkali test

Score* Morphological changes of rice grain Gelatinization temperature
1 Grain not affected
2 Grain swollen High (>75 °C)
3 Grain swollen and collar incomplete and narrow
4 Grain swollen and collar incomplete and wide o
Medium (70 - 74 °C)
5 Grain split or segmented and collar complete and wide
6 Grain dispersed and merging with collar o
) ) . . Low (<69 "C)
7 Grain completely dispersed and intermingled

*Score 1 - 3 = grain quality is hard texture, score 4 - 5 = grain quality is intermediate texture, score 6 - 7 = grain quality is soft texture
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Table 2. Primers used for study gene expression of 3 genes

Genes Forward sequence Reverse sequence
actin 5-GACTATGGTGATGGTGTCAGC-3’ 5-GGCTGGAAGAGGACCTCAGG-3’
badh2 5-TGTGCTAAACATAGTGACTGG-3' 5-CTTAACCATAGGAGCAGCT-3'
TPI 5-ATCAGATGAACTGAAAGTGCCGTT-3' 5-GACTACGAAAACAAGTAATCAT-3

NN5IATISUTBNANNAD A
Aimsziiaouulslmuaesdeyalneds
analysis of variance (ANOVA) wazit3eu i ey
ANNNUANANTEMTN9ARAInEWAY LSD Aot
Tsunsudnigazunieani (Statistic version 8.0) 7
sxAuANLTesY 95 lafiFus (P<0.05)

NANIFANE

Funussinsaululuai
dnilululnsaunazszazniaasgduie
1998190 AN usTanAuAedFuuansinedu
Twludna BNM4 agnafidagnAyn1eada (P < 0.05)
(Figure 1) Tmawuan ﬂﬁiidﬂﬂiuim?L@uLﬁu%u
ann 30 119 180 Alanfululnsiause’ls lufina
etunnansnsaululudiafissazunnne Tagd
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ﬁi'aﬂi"wmﬁmﬁﬂm Laszazeanman iAaas
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AINAIAL LLm'LﬁaLﬁumﬂz\iﬂﬂiuimmuﬁﬁmm
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TnemuazBunveuazdneusi Ansnilnosielyd
(Table 3)

wminindasesues BNM4 Tuuansineiy
Lﬁmﬁuﬁmmﬂﬂiuimmumn 30 ilu 60 Nlaniw
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51 30, 60 way 120 nlansululnsiausals
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1 90, 150 way 180 Alansululnsausals Wrmin
100 WAMNNTUGIAARALLYINAL 4.4 NN

Booting

a

Flowering

Nitrogen fertilizer levels (kgN/rai)

LSDy psresy = 0-42

Figure 1. Effects of N rates on proline in rice variety Buer Ner Moo 4. The values are means of three
replications. The different letters indicate significant differences by LSD, .. (N = nitrogen rate, S
= growth stages, N*S = interaction effects between nitrogen rate and growth stages)

Table 3. Analysis of variances on the effects of yield and yield components on 6 N fertilizer rates in rice
variety Buer Ner Moo 4

N rate Grain yield Straw dry Plant height No. of panicles/  No. of spikelets/  Filled grain 100 grain
(kgN/rai) (g/plant)  weight (g/plant) (cm) plant panicle (%) weight ()
30 3.2c 7.8e 103.4b 2.7d 74.8c 69.0c 3.8b
60 3.2c 8.8de 103.4b 3.0cd 78.9c 73.4c 3.9b
90 3.5ab 11.3cd 120.3a 3.0cd 102.6b 84.2b 4.4a
120 3.3bc 13.1bc 118.9ab 3.7bc 108.4ab 89.4ab 4.0b
150 3.5ab 15.3bc 126.5a 4.0ab 120.3ab 92.3a 4.4a
180 3.6a 19.7a 132.6a 4.7ab 129.6a 93.3a 4.4a

F-test . . o . . o
CV (%) 3.5 13.7 7.8 14.8 1.7 5.2 3.9

**and *** indicate the significant at P < 0.01 and 0.001, respectively, while ns is not significant. Means in the same column

followed by different letters indicate significant differences at P < 0.05
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Table 4. Sensory and alkali test on 6 N fertilizer rates in rice variety Buer Ner Moo 4

N rate Alkali test
Sensory test*
(kgN/rai) Spreading value  Gelatinization temperature
30 Moderate fragrant 4.2 Medium
60 Moderate fragrant to high fragrant 4.2 Medium
90 Non fragrant to moderate fragrant 4.3 Medium
120 Non fragrant to moderate fragrant 4.4 Medium
150 Non fragrant 4.3 Medium
180 Non fragrant to moderate fragrant 4.5 Medium
*Sensory test from 20 testers
30 _ A LSDg s = 0-19 30 _ (B LSDg gsqyy = 0.21
a
& ab
§z.5 1. m25 be .
220 §20 -
S b @
@15 - c 915 d d
o d d %
510 - Y10 -
v C
§os A e I l &os
00 - . 0.0
30 60 90 120 150 180 30 60 90 120 150 180

Nitrogen fertilizer levels (kgN/rai)

Nitrogen fertilizer levels (kgN/rai)

Figure 2. Effects of N rates on genes expression of badh2 (A) and TP/ (B) in rice variety Buer Ner Moo

4. The different letters indicate significant differences by LSD, .. (N = nitrogen rate)
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