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Effects of sowing date on 2-acetyl-1-pyrroline content and yield of late season

aromatic rice
YANG Xiaojuan'*, TANG Xiangru'>* , WEN Xiangcheng'*,LI Yanhong"*,ZHOU Xinjian'
1 College of Agriculture, South China Agricultural University, Guangzhou 510642, China

2 Scientific Observing and Experimental Station of Crop cultivation in South China, Ministry of Agriculture, Guangzhou 510642, China

Abstract ;. Aromatic rice, a famous rice type with high nutritional value and a distinct aroma, has been planted in South and
Southeast Asian countries since ancient times. Recently, it has gained in popularity and gained a significant market share in
the global rice trade resulting in higher prices and increased production in many countries. However, in China, a minimal
area has been planted with aromatic rice because of its low resistance to disease, low yield and other disadvantages of the
aromatic rice cultivars. As the standard of living has improved, China has begun to focus on the production of quality food,
so researchers have started to pay more attention to aromatic rice and have bred some aromatic rice cultivars. However,
finding ways to increase the concentration of the aroma of aromatic rice has proved challenging based on the low yield and
poor quality of existing cultivars. 2-Acetyl-1-pyrroline (2-AP) is a buttered-popcorn-like aromatic compound found in both
basmati and jasmine aromatic rice, and is considered a primary aromatic component of aromatic rice; this highly volatile and
lipophilic compound occurs in the stems, leaves and grains of aromatic rice. L-proline is widely considered to be the
nitrogen source for 2-AP and A-pyrroline-5-carboxylic acid ( P5C) and has been proposed as one of the main precursors
required for 2-AP synthesis. P5C is the common intermediate in the metabolic pathways of proline, ornithine and glutamic
acid synthesis. Among these three pathways, the proline pathway is the major pathway used for the synthesis of 2-AP, in

which proline to P5C is mediated by proline dehydrogenase, which is then used to synthetize 2-AP. Genetic factors play a
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major role in determining the aroma content of aromatic rice, and environmental factors and cultivation practices have a
substantial effect on the quality of aromatic rice. The aroma of aromatic rice can be increased using low-density cultivation
techniques, shallow irrigation, low levels of nitrogen, and moderate use of trace element fertilizers containing elements such
as zinc, iron and lanthanum. However, unsuitable post-harvest conditions and some plant growth regulators can reduce the
2-AP content in aromatic rice considerably. Using better packaging materials, such as vacuum packing in nylon pouches,
can retard volatilization of the aromatic compounds in aromatic rice. Temperature during grain filling, ripening and storage
also plays an important role in the development of the aroma of aromatic rice; lower temperature, especially at night, has
positive effects on aroma formation during the grain filling and ripening stages compared with higher temperature.
Additionally, 2-AP content declines over time and is significantly affected by the temperature during storage. The sowing
date affects proline and 2-AP content in aromatic rice as a result of variations in light and temperature conditions. Hence, a
field experiment was carried out using Guixiangzhan and Nongxiangl8 cultivars to determine an appropriate sowing date for
late season aromatic rice in South China’s double-cropping region and to study the effects of different sowing dates on aroma
(2-AP) , activities of proline metabolic enzymes and yield. The results show (1) Aromatic rice sown on 20 July achieved
the highest 2-AP content. Treatments having higher 2-AP content also had a higher free proline content, higher proline
oxidase activities in grain and higher levels of proline dehydrogenase. (2) Guixiangzhan sown on 15 July and Nongxiangl8
sown on 20 July achieved the highest grain yield, and both had a high harvest index, high levels of dry matter accumulation

and rapid crop growth rates. (3) The appropriate late season sowing date for aromatic rice was between 15 July and 20 July.

Key Words:; aromatic rice ;sowing dates; 2-acetyl-1-pyrroline ;yield
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Table 1 Meteorological condition at different sowing dates
b8 o "
o S e
: PRI P EME PEIRE - . TR X
= kil . K AN R Rainy days
iyt o Mean high Mean Mean o . Mean ) .
N Sowing Precipitation Relative of maturity
Luluvar d‘t lemperalure temperature temperaalure / h .d't /(7 temperature /d
ate /C /C /C mm HIAZZ2 of maturity
/C
B 07-15 31.77 22.88 26.24 389.60 79.48 23.49 1
Guixiangzhan 07-20 31.36 22.46 25.82 408.50 79.21 22.58 4
07-25 30.68 21.84 25.21 391.40 78.40 21.87 7
07-30 30.78 21.75 25.20 495.20 77.72 17.93 19
08-04 30.53 21.60 25.00 495.20 77.79 17.69 19
KA 18 07-15 31.47 22.61 25.97 420.60 79.29 23.02 4
Nongxiang18 07-20 31.07 22.13 25.53 408.70 78.62 21.99 5
07-25 30.68 21.84 25.21 391.40 78.40 21.64 7
07-30 30.78 21.75 25.20 495.20 77.72 17.69 19
08-04 30.53 21.60 25.00 495.20 77.79 17.23 18
1.3 e br Kok TE 07-20 AbFE) 2-AP 5 ffici , i85 94.33 ng/g, K
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Fig.1 Effects of sowing dates on 2-AP content of brown rice
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Table 2 Effects of sowing dates on free proline of the top leaf

o ‘Tﬁ;ﬁ ﬁﬂiﬁﬂ @?@Hﬂ ?ﬁ%ﬁﬂ FHEE10d  FFHEE204d e
Cultivar Sowing Tillering Booting Heading 10d zllfler 20 d eﬂlfler Maturity
dates stage stage stage heading heading
B 07-15 63.64b 55.21b 44.95¢ 64.78a 41.62b 42.97a
Guixiangzhan 07-20 71.30b 51.22b 60.39b 58.15a 47.79ab 47.06a
07-25 63.77b 51.12b 73.51a 53.28a 50.34ab 49.59a
07-30 90.66a 70.45a 54.46b 52.32a 53.14a 47.46a
08-04 66.69b 63.36ab 56.00b 60.04a 49.45ab 42.67a
K718 07-15 60.81bc 61.72a 67.15a 40.03d 36.56¢ 39.00¢
Nongxiang18 07-20 70.10b 48.83b 66.67a 43.82cd 35.95¢ 49.82b
07-25 57.26¢ 64.79a 64.29a 54.44h 35.93¢ 52.39ab
07-30 95.97a 62.26a 56.51a 62.03a 48.84a 58.95ab
08-04 63.34bc 69.02a 58.71a 47.87bc 41.97b 61.90a
[FIF B ST AR AN ] /NG T8 RR 25 5 .35 (P<0.05, LSD K% )
x3 BENEEFNEERERSE(U/ o) WM
Table 3 Effects of sowing dates on free proline of grain
sl A FHJE 10 d FHEJE 20 d S
Cultivar Sowing dates 10 d after heading 20 d after heading Maturity
FEFF i Guixiangzhan 07-15 23.49h 15.45ab 14.42h
07-20 17.64b 20.02a 26.07h
07-25 17.95b 14.03ab 23.52b
07-30 53.01a 16.70ab 16.60b
08-04 22.61b 12.95b 57.30a
4475 18 Nongxiang 18 07-15 28.28ab 53.74a 70.69a
07-20 20.75b 36.22a 56.17a
07-25 28.71ab 38.05a 57.81a
07-30 67.11a 39.44a 44.93a
08-04 19.14b 58.08a 61.42a
x4 BENEERLMHESRSAEETENRZN
Table 4 Effects of sowing dates on proline oxidase of the top leaf OD
o e I BE] 2 RE] SRR FHE 10d FHEE 20 o
Culivar Sowing Tillering Booting Heading 10 d after 20 d after Maturity
dates stage stage stage heading heading
FEFF i Guixiangzhan 07-15 0.2782a 0.1715a 0.1176a 0.0609a 0.0862b 0.1948ab
07-20 0.1524a 0.1830a 0.1451a 0.0721a 0.1979a 0.1545ab
07-25 0.1685a 0.3471a 0.1664a 0.1371a 0.1552ab 0.1330ab
07-30 0.2052a 0.1721a 0.1791a 0.1166a 0.2114a 0.2067ab
08-04 0.1742a 0.1741a 0.1753a 0.1437a 0.1544ab 0.2283a
4475 18 Nong xiang18 07-15 0.1793a 0.1382a 0.1483a 0.1021a 0.0751a 0.1230ab
07-20 0.1864a 0.1394a 0.1118b 0.1284a 0.0788a 0.1873a
07-25 0.1093a 0.1493a 0.1123b 0.1422a 0.1196a 0.1018b
07-30 0.1418a 0.1272a 0.1343ab 0.1131a 0.1157a 0.1110b
08-04 0.1184a 0.1256a 0.1303ab 0.1220a 0.0683a 0.1264ab

255 KW HEFHFKRE 18 KRN A MRE L  08-04 AFEFFES 10 d,07-15 43555 20 d %
B oD {EFEA: B HERS 2 ACHE Dobtas, HHY ST MR, s kR i 2 iR AL oD 18
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Table 5 Effects of sowing dates on proline oxidase of grain OD
Al ] FHUF 10 d FHE 20 d A
Cultivar Sowing dates 10 d after heading 20 d after heading Maturity
FEFF 17 Guixiangzhan 07-15 0.1276ab 0.1320a 0.1133a
07-20 0.0977¢ 0.0989ab 0.2070a
07-25 0.0991¢ 0.0822b 0.1216a
07-30 0.1161be 0.1214ab 0.1392a
08-04 0.1467a 0.1197ab 0.1205a
A< 18 Nongxiangl8 07-15 0.1056a 0.1007a 0.1509a
07-20 0.0919a 0.1045a 0.1099ab
07-25 0.0972a 0.1174a 0.0770b
07-30 0.0792a 0.0841a 0.0912b
08-04 0.0931a 0.0938a 0.0758b

2.2.3 A H) M 1 O R T 5

%6 KW FER AR 18 i L0 &R A
fig et B AR B I R R R4 LT, B L
07-15 AbFEABEH) SFREUS 10 d SRS 20 d & b
I 2 100 S T 2 5 T i 3 v T At A B 08-
04 Kb FHSFAEIYIFN 07-30 4b BRI Fe b il & R i

SURETE I R T HABAC A 18 FE 07-20 Ab B
SYBEWIRISTREG 10 d 5 b i 2 i e S Il T P B
T H Al AL B 08- 04 4bH 55U A SRS 20 d B
R O S T e e T b B 07- 15 4k
FRZAFIIA 07-20 Ab 3 BRI b v i 22 1 o S 1t
R ERTE N R\

F6 BEMNEERELMHBEBENSEEE(U-¢"\min™") M
Table 6 Effects of sowing dates on proline dehydrogenase of the top leaf

5 FE el 2B FrHED] FFHE 10 d FFHE 20 d -
i A . - . . e8]
. Sowing Tillering Booting Heading 10 d after 20 d after .

Cultivar . . Maturity
dates stage stage stage heading heading

HEE S Guixiangzhan 07-15 0.63a 0.57a 0.46b 1.16a 1.27a 0.63¢c
07-20 0.54b 0.58a 0.50b 0.77a 0.59b 0.66¢
07-25 0.59ab 0.52a 0.91a 1.14a 0.98a 0.62¢
07-30 0.55ab 0.53a 0.64b 1.02a 0.99a 1.21a
08-04 0.59ab 0.57a 1.04a 1.07a 0.55b 0.81b

¢ 18 Nongxiangl8 07-15 0.60b 0.79a 0.54b 0.55b 0.55b 0.62cd
07-20 0.67a 0.69b 0.47¢ 0.58a 0.56b 0.80a
07-25 0.59bc 0.62b 0.49¢ 0.49d 0.47b 0.74ab
07-30 0.52¢ 0.66b 0.61a 0.52¢ 0.49b 0.69bc
08-04 0.44d 0.50¢ 0.66a 0.57ab 1.85a 0.62d

27 KUY RER G AR 18 KA & R I A
TEEREAE TR 2 b, HA S 07-30 4
FFFHE 10 d,07- 15 AL FESFF RS 20 d B FF
2R T U S e T AR 3, R A 18 FE 08-
04 AbFEFFHES 10 d,07-25 AEBRFFAE S 20 d FR A
SRR 22 I M0 Ul v T L Ath b B

2.3 RN R A R R G

% 8 KU BEE TR I HEIR | DA & R i fh 1 7=
REARFERBREN TR, BF 5 07-15 43 i F455¢
ST E ) e L (R a1 =1 = S R
R A 18 7 07-20 AbFE pR T 45 50 (1) 18 L il
fEH P i 2 i T HA AL BR 07-30 AbFR TR 4 45
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Table 7 Effects of sowing dates on proline dehydrogenase of grain

A ] FHUF 10 d FHJE 20 d A
Cultivar Sowing dates 10 d after heading 20 d after heading Maturity
FER 5§ Guixiangzhan 07-15 0.51c 0.76a 0.55a
07-20 0.49¢ 0.54b 0.50b
07-25 0.49¢ 0.59b 0.36¢
07-30 0.65a 0.55b 0.55a
08-04 0.56b 0.56b 0.51ab
4% 18 Nongxiangl8 07-15 0.46b 0.55b 0.59a
07-20 0.48ab 0.58b 0.57ab
07-25 0.25¢ 0.66a 0.60a
07-30 0.46¢ 0.46¢ 0.51be
08-04 0.50a 0.57b 0.46¢
®8 TRFBEHHEBRFEREMRER
Table 8 Yield and Yield Components under different sowing dates of aromatic rice
i W AR R TR o o
Cultivar Sowing dates ecuv;: panzlcles Spikelets 1000-grain mass Seed setting Yleld2
/(10*/hm*) /g rate /% /(t/hm?)
H:% i Guixinagzhan 07-15 300.00ab 115.37ab 26.79¢ 94.33a 8.93a
07-20 255.00b 117.40ab 26.02¢ 93.47a 7.27ab
07-25 271.67ab 92.64b 29.77a 92.05a 6.90ab
07-30 269.44ab 122.26a 26.68¢c 82.94b 6.04b
08-04 319.44a 105.46ab 28.26b 72.41c 6.69ab
A4 18 Nongxiang18 07-15 275.67a 106.87a 27.46b 92.63a 6.38b
07-20 278.33a 104.13a 28.77a 93.34a 8.25a
07-25 268.33a 104.90a 29.18a 87.14a 5.22¢
07-30 338.89a 97.70a 28.89a 56.14¢ 5.25¢
08-04 330.56a 99.68a 28.60a 72.34b 5.04c

2.4 BRI R4 TR AR AR B 5
39 R R IE 301 R 0 3B 4 R R
B A F IR ER N LT, EE S MR E 18 7
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AR F 18 AAE WAL FEK) CGR My BE I 2 55 R 15
ST, o LIS R, SRS COR 2UR T RE,
2.6 FEII A E A BRI R )

10 R, BRI AT IR G 7 A iR 2
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Table 9 Dry matter accumulation under different sowing dates of aromatic rice and harvest index

A gl S BE] 2RI SRR A W R

Cultivar Sowing dates Tillering period Booting period Heading period Maturity Harvest index/%

FEFF I Guixiangzhan 07-15 1.34¢ 7.41b 7.87¢ 17.21ab 41.33be
07-20 2.30b 7.68ab 11.54ab 19.17a 42.27b
07-25 3.01a 9.73ab 10.39b¢ 15.70ab 48.61a
07-30 2.84ab 10.08a 14.16a 11.89b 36.82¢
08-04 2.39b 9.01ab 12.16ab 17.83ab 29.43d

A7 18 Nongxiang18 07-15 1.03¢ 8.60a 9.33b 18.70a 37.41b
07-20 1.80b 10.21a 12.79a 13.18b 61.39a
07-25 2.83a 8.69a 11.31b 16.52ab 38.17b
07-30 2.34a 9.94a 14.41a 15.69ab 35.24b
08-04 2.39a 10.14a 14.76a 18.12ab 35.24b

B4R CGR
Crop growth rate/(gm2d™)

—— 07-15 —8— 07-20 —&— 07-25 —*—07-40 —*— 08-04

- 50 —
R RELS

45

| | | | | 1

! 0 |
BRh-4y B A BE-ZpRE ZRRE-SYRE STRE- B -8 BE-ZeRE ZeRE-FrRE SRRM- A
H: 7 ] Growth period

B2 FHRXEREHEERENHM

Fig.2 Effects of sowing dates on Crop growth rate (CGR) of aromatic rice

F10 FRBHMNEHESTSHRRBHIM

Table 10  Growth period and accumulated temperature under different sowing dates

At

Cultivar

2BFY >10C R

Whole growth  accumulated

gl B 25 o BE 2k il Fr b A

Sowing Transplant Tillering Booting Heading  Full heading  Maturity .
peroid/d  temperature/C

7% i Guixinagzhan

4¢ 7 18 Nongxiang18

07-15 08-02 08-23 09-21 09-25 09-28 10-26 104 2728.90
07-20 08-07 09-01 09-28 10-03 10-06 11-01 105 2711.50
07-25 08-12 09-07 10-03 10-06 10-08 11-12 110 2798.70
07-30 08-18 09-18 10-16 10-25 10-28 12-09 133 3135.10
08-04 08-22 09-18 10-16 10-27 10-30 12-09 128 2989.20
07-15 08-02 08-23 09-23 09-25 09-28 11-01 110 2856.60
07-20 08-07 09-01 09-28 10-06 10-08 11-07 110 2833.60
07-25 08-12 09-07 10-03 10-08 10-12 11-12 110 2798.70
07-30 08-18 09-18 10-16 10-27 10-30 12-09 133 3135.10
08-04 08-22 09-18 10-16 10-29 11-01 12-09 128 2989.20
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Fig.3 Relation to average daily temperature and yield
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