rh E KRR (Chin J Rice Sei) s 2013, 27(6): 591—602
http://www.ricesci.cn

DOI: 10.3969/].issn.1001-7216.2013.06.005 591

REEIEX &R B T 7k 78 45 35 A FE oK S B AU 520

Bogerr fml OBIERR X E! mEE
PR LI 1 30 1% 1 TR A S 05 L VIR B 2250005 2 RYEMTAAERBFA T . K 3001125 * B HUBER A+ E-mail; jey-

ang(@yzu.edu.cn)

Effects of Application of Nitrogen as Panicle-promoting Fertilizer on Seed

Setting and Grain Quality of Rice under High Temperature Stress

DUAN Hua!*?, FU Liang!, JU Cheng-xin!, LIU Li-jun', YANG Jian-chang!"*
(I Key Laboratory of Crop Genetics and Physiology of Jiangsu Province, Yangzhou University s Yangzhou 225009 , China ; 2 Tianjin

Crop Institute, Tianjin 300112, China; * Corresponding author, E-mail : jcyang@ yzu.edu.cn)

DUAN Hua, FU Liang, JU Chengxin, et al. Effects of application of nitrogen as panicle-promoting fertilizer on seed
setting and grain quality of rice under high temperature stress. Chin J Rice Sci, 2013, 27(6): 591-602.

Abstract: Effects of application of nitrogen as panicle-promoting fertilizer on grain yield and quality was studied with
two mid-season rice cultivars, Huhan 15 (indica) and Yangjing 4038 (japonica) grown in pots as materials under three
nitrogen fertilizer levels, low nitrogen level (LN, 0.5 g urea per pot), medium nitrogen level (MN, 1.0 g urea per
pot)» and high nitrogen level (HN, 2.0 g urea per pot) at the panicle initiation stage under high temperature. Both high
temperature (mean temperature during the day/night at 35.1°C /20.8°C) and normal temperature (mean temperature
during the day/night at 29.0°C /20.8°C) treatments were conducted during heading and grain filling. The grain yield and
rice quality were investigated under these treatments. The results showed that at the same temperature, especially
under high temperature, compared with the LN, the MN and HN significantly increased spikelet number per panicle,
seed-setting rate, 1000-grain weight, grain yield, head rice rate and short chain percentage in debranched amylopectin.,
and reduced chalky grains and long chain in debranched amylopectin, especially at MN. Application of panicle-
promoting fertilizer also increased the photosynthetic rate of flag leaf, root oxidation activity, and activities of the key
enzymes involved in sucrose-to-starch metabolic pathway in grains in the two cultivars. These results indicate that
proper application of nitrogen as panicle fertilizer could maintain a higher grain yield and better quality of rice when
subjected to high temperature during heading and grain filling, and increases in root and shoot activities contribute to
the reducing adverse effects of high temperature on rice yield and quality.
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Fig. 1. Daily change of temperature during heading and early grain fill-

ing stages.
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Table 1. Analysis-of-variance (F-values) for grain yield and yield components between/among cultivar, temperature, and nitrogen.

B AL (a8 A s -
ZH 3% A
AR SR R i s Panicle Spikelet "
df Seed-setting 1000-grain
Source of variation Yield number number
rate weight
per pot per panicle

Al Cultivar 1 270.25"" 5.55" 1050.99" " 331.05"" 5928.51" "
i JE Temperature 1 145.86" " 0.02 88.62"° " 13.79°° 40,577
Z M Nitrogen 2 37.30"° 0.96 33.29°° 43.84"" 13.08""

S Al >R BE Cultivar X temperature 1 0.07 0.62 0.65 3.23 0.07

A X B Cultivar X nitrogen 2 2.74 0.22 9.71"" 1.29 3.31"
L X EHE Temperature X nitrogen 2 2.96 0.47 1.89 1.34 8.00" "
A IR E XCABE Cultivar X temperature X nitrogen 2 3.05 0.02 2.55 0.41 13.88""

S, U AMRIFERRTE P=0.05 f1 P=0.01 K FWE,

, " Significance at 0.05 and 0.01 levels, respectively.
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Table 2. Effect of nitrogen level on grain yield and yield components under high temperature.

REE Wk 75 R 2 LT GRS TR E

i il 5 4k ) ) ) ] ) ) ey
Panicle Spikelet Sterile Partially Seed-setting  1000-grain
Cultivar and Yield
number number spikelet filled rate weight
treatment /(g pot™")
per pot per panicle rate/ % grain rate/ % /% /g

V1 E 15 Huhan 15

NT+LN 20.3 a 168.3 ¢ 5.8 ¢ 3.4 a 90.8 a 19.0 b 61.7 ab
NT-+MN 20.8 a 180.6 a 7.0d 3.5a 89.5 ab 19.8 a 66.1 a
NT+HN 20.8 a 183.0 a 9.7 be 3.9 a 86.4 ¢ 19.5 a 64.9 a
HT+LN 20.5 a 155.7 d 15.4 a 4.2 a 80.4 d 18.0 ¢ 46.2 ¢
HT+MN 20.3 a 176.1 ab 8.5 ¢ 3.7 a 87.8 be 19.8 a 62.1 ab
HT+HN 20.5 a 169.8 be 10.9 b 4.0 a 85.1 ¢ 19.6 a 57.9 b
¥ 4038 Yangjing 4038
NT+LN 19.3 b 139.0 b 1.0 b 2.1 a 96.9 a 28.0 b 72.5 b
NT+ MN 20.0 ab 143.4 a 1.4 b 2.0 a 96.6 a 28.1b 77.8 a
NT-+HN 20.0 ab 138.6 b 5.8 a 2.3 a 91.9 b 29.1 a 74.1 b
HT+LN 19.8 ab 123.7 d 6.3 a 2.8 a 90.9 b 27.0 ¢ 60.5 e
HT+MN 20.0 ab 131.0 ¢ 2.2b 2.1a 95.7 a 27.8 b 69.6 ¢
HT+HN 20.3 a 130.4 ¢ 5.8 a 2.5 a 91.7 b 27.6 b 66.9 d
[ — A2 [ — S AP N AH ) FRE R R E P=0.05 K B2 AR, NT—IE#HRE; HT—wmill; LN—K%; MN—H%; HN—&4%.
Values followed by common letters within the same column for a cultivar are not significantly different at P = 0.05 level. NT, Normal

temperature; HT, High temperature; LN, Low nitrogen level; MN, Medium nitrogen level; HN, High nitrogen level.
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Table 3. Effect of nitrogen level on rice quality under high temperature.

D 5 4k 21 RS T ok R KRR EASE S EE SRR HEERER &R AR R
Cultivar and Brown rice  Milled rice Head Chalky Chalkiness Gel consistency Amylose Protein
treatment rate/ % rate/ % rice rate/ % kernel rate/ % /% /mm content /%  content/ %
W EL 15 Huhan 15
NT+LN 79.7 a 68.0 ¢ 60.5 ¢ 14.1d 2.4b 67.5 b 22.8b 8.2 b
NT+ MN 80.9 a 72.7 a 66.0 a 11.1 1.9 ¢ 70.6 a 20.9 d 8.9 ab
NT-+HN 80.9 a 72.2 a 64.8 b 13.1 e 2.2b 69.8 a 21.6 ¢ 8.5 b
HT+LN 79.1 a 71.1 b 39.2 f 18.6 a 3.2 a 67.2 b 23.3 a 8.9 ab
HT-+MN 79.1 a 71.6 b 43.8 d 15.7 ¢ 2.8 a 70.2 a 21.7 ¢ 9.5 a
HT-+HN 80.2 a 71.5 b 42.5 e 16.3 b 3.0 a 67.2 b 23.3 a 8.9 ab
8 4038 Yangjing 4038
NT+LN 82.8 a 75.2 a 63.7 d 19.8 b 4.4 b 84.3 ab 14.5 b 7.1b
NT-+MN 82.2 a 75.1 a 71.0 a 16.8 d 3.6 b 86.6 a 12.6 ¢ 8.1 a
NT+HN 82.2 a 74.9 a 69.1 b 18.3 ¢ 3.9b 85.1 a 13.2 ¢ 7.3 b
HT+LN 82.1 a 74.5 a 61.7 e 21.9 a 5.4 a 81.9 ¢ 15.5 a 7.5 b
HT+ MN 82.2 a 74.9 a 65.3 ¢ 18.0 ¢ 4.0 b 83.4 ab 14.2 b 8.7 a
HT-+HN 82.2 a 74.8 a 63.3 d 19.5 b 4.4 b 82.5 be 14.7 b 7.6 b
[i] — % [) — b Ff 9 A ) 2 BE R R AE P=0.05 K L2ERARE, NT—IEHEE; HT— Ml LN—KA; MN—P%&; HN— &4,
Values followed by common letters within the same column for a cultivar are not significantly different at P = 0.05 level. NT, Normal

temperature; HT, High temperature; LN, Low nitrogen level; MN, Medium nitrogen level; HN, High nitrogen level.
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IEARSC . SR 12 3 DO oG GRS o STEEBERY  (EL RORMEIRIELF . UL Ml F L 38 25 5 it A
HR B Y LU B L SR RLA N B R ROBIAL L A S AT DARGE AR OR B9 IR A T
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F1, Short chain of amylopectin; F2, Long chain of amylopectin; F3, Amylose.
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Typical gel permeation chromatograms of native starch and isoamylase-debranched amyiose of rice starches.
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Table 4. Effect of nitrogen level on starch fraction contents under high temperature. %
it R 4% B Jisd
Fl F2 F3
Cultivar Treatment
15 15 Huhan 15 NT-+LN 45.8 d 32.7d 21.5 a
NT+ MN 48.3 a 31.3 e 20.4 b
NT+HN 47.3 b 31.5e 21.2 a
HT+LN 42.9 e 36.1 a 21.1 a
HT+MN 47.5 b 33.4 ¢ 19.1 ¢
HT+HN 46.9 ¢ 34.4 Db 18.6 ¢
#4038 Yangjing 4038 NT-+LN 55.9 b 30.9 b 13.2 ¢
NT+MN 62.7 a 24.3 e 13.0 ¢
NT+HN 60.1 a 26.5d 13.4 ¢
HT+LN 49.3 ¢ 35.7 a 15.0 a
HT+MN 55.2 b 29.7 ¢ 15.1 a
HT+HN 54.8 b 30.7 b 14.5 b

[f) — 2 [7] — S Bl AN R B 38R 78 P =0.05 K F B2 3, NT—IE# A ; HT— & ilik; LN—RA;

SCHEVER RLEE s F2— HEVEM K EE, F3— EEEVEN .

Values followed by different letters within the same column for a cultivar are significantly different at P

MN— % ; HN— &%, F1—

0.05 level. NT, Normal

temperature; HT, High temperature; LN, Low nitrogen level; MN, Medium nitrogen level; HN, High nitrogen level. F1, Short chain of

amylopectin; F2, Long chain of amylopectin; F3, Amylose.
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Fig. 3. Effects of N application amount on flag leaf photosynthetic rate

of rice under high temperature.
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Fig. 7. Effects of N application amount on activities of key enzymes in sucrose-to-starch conversion under high temperature,
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