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Effect of nitrogen application rates on root growth and organic acid secretion in
two rice varieties with different eating quality

LI Hao-jing, ZHANG Dan-ke, LI Hai-run, CAO Jing , XU Guo-wei
Agricultural College, Henan University of Science and Technology, Luoyang 471003, China

Abstract: The application of nitrogen fertilizer affects the growth, yield, and quality of rice (Oryza sativa). The aim
of this study was to determine the effects of different nitrogen application rates on root growth and organic acid
secretion in two rice varieties with different eating quality. A pot experiment was conducted with the rice varieties
‘Zhengdao C42’ (high flavor quality) and ‘Xudao 3’ (medium flavor quality). The experiment was established
with a control and three nitrogen fertilization treatments: 0 (N,), 120 (Nyy), 240 (N,,), and 360 (N,,) kg N-ha '
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The rice plants were analyzed to determine root length, root surface area, root oxidation activity, root exudation, the
contents of zeatin and zeatin riboside (Z+ZR) , and abscisic acid (ABA), and total organic acids in root exudates.
The results showed that the root surface area, root oxidation activity, Z+ZR contents, and total organic acids in root
exudates showed trends of initially increasing and then decreasing as the rate of nitrogen fertilizer application was
increased. In both rice varieties, the maximum values of all measured indexes were in the N,,, treatment. The root
surface area, root oxidation activity, Z+ZR content, and total organic acids in root exudates were increased by
148.0%, 48.5%, 16.0%, and 86. 5%, respectively, in Xudao 3 in the N, treatment at the heading stage; and by
103.7%, 72.5%, 17.8%, and 98. 0%, respectively, in Zhengdao C42 in the N,,, treatment at the heading stage,
compared with their respective controls at the same stage. The ABA content first decreased and then increased as the
nitrogen application rate increased, and was lowest in the N, treatment. Comparisons of the two varieties showed
that the root oxidation activity, root exudation, Z-+ZR content, and total organic acids in root exudates were
40.7%, 74.7%, 9.7%, and 34.1% higher, respectively, in Zhengdao C42 than in Xudao 3. The root length and
root surface area were lower in Zhengdao C42 than in Xudao 3. The root surface area, root oxidation activity, root
exudation, Z+ZR content, and total organic acid content in exudates showed significant or extremely significant
negative correlations with amylose content, and significant or extremely significant positive correlations with gel
consistency. The ABA content in root exudates showed an extremely significant positive correlation with amylose
content, but a negative correlation with gel consistency. For both rice cultivars, root growth and organic acid
secretion showed the best results in Ny, treatment. These results provide guidance for nitrogen management during
the cultivation of high-quality eating rice.
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Table 1 Effect of nitrogen rates on root length of rice varieties with different eating qualities (m - hill")

S Cultivar Qb P Treatment 3 BE R Mid-tillering )1 53-46 15 B Panicle initiation B Heading Y] Maturity
w3 N, 105. 77e 142. 55¢ 205.13d 230. 36d
Xudao 3 Ny 201. 81bc 282. 83b 352.53b 244. Tlcd

Noyo 253. 49a 340. 70a 465. 08a 276. 83b
Nago 211. 09be 335.27a 357.15b 235. 32d
SP-#4{fH Mean 193. 04 275. 34 344.98 246. 81
IBRE C42 N, 136.47d 192. 77¢ 213.57d 207. 02¢
Zhengdao C42 N0 159. 49d 311.42ab 238. 29¢ 264. 58hc
Noyo 223. 46b 333. 26a 347.41b 305. 37a
Naso 195. 79¢ 330. 70a 353. 24b 322.97a
S { Mean 178.81 292. 04 288.13 274.99
75 2243 Ft Variance analysis (ANOVA)
i Fh Cultivar (C) 6. 16%* 2. 36% 179. 04%* 35, 79%%
Jifi 42 it Nitrogen (N) 73. 88 103. 31%* 396. 65% 27. 81%*
Sl A < it Ui C XN 7. 75%x 1.86* 64. 90%* 18. 27%*

T BIA ) 7B R A AR BEAE 0. 05 K26 5 i 3 . *: P<C0.05, **: P<<0.01., Fi,
Note: Different letters in the same column indicate significant differences among different treatments at 0. 05 level. *: P<C0.05, **: P<C0.01. The

same below.
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Table 2 Effect of nitrogen rates on root surface of rice varieties with different eating qualities (m’*hill™")

AP Cultivar AbBE Treatment  43BEEEI] Mid-tillering 4078 404k 4f ] Panicle initiation Jih Y] Heading A Maturity
w3 N, 0. 15f 0.27d 0. 25¢ 0.24d
Xudao 3 Ny 0. 20d 0. 46¢ 0.42¢ 0.31c

Noio 0. 30a 0. 58ab 0.62a 0.45a
Naso 0. 26b 0. 55b 0.55b 0. 38b
SEH A Mean 0.23 0.47 0.46 0.35
G C42 N, 0. 17ef 0.22¢ 0.27¢ 0.22d
Zhengdao C42 Ny 0.19de 0.42¢ 0.34d 0. 36b
Ny 0.27b 0.63a 0.55h 0.38b
Ny 0. 23¢ 0. 54b 0.47¢ 0.37b
SE Bl Mean 0.22 0.45 0.41 0.33
J1 22431 Variance analysis (ANOVA)
& Cultivar (C) 6. 57%* 1.40 15. 13+ 11, 77%x
Jifi %2 it Nitrogen (N) 100. 81%x* 174. 18%* 116. 61** 253. 65%
5l e 2 C XN 4.57% 3. 20 3.03 26. 35%
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Fig. 1 Effect of nitrogen rates on root oxidation activity of
rice varieties with different eating qualities
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Fig. 3 Effect of nitrogen rates on Z+ZR content in rice

bleeding sap under different eating qualities
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Fig. 2 Effect of nitrogen rates on root bleeding of rice
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Fig. 4 Effect of nitrogen rates on ABA content in rice

bleeding sap under different eating qualities
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Fig. 6 The relationship between root index and eating qualities of rice
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F A5 WP K R E K R A% & Contents of zeatin and zeatin riboside in root bleeding sap; ABA : H2 £ 13 i ¥ *F i 7% 2 %% & Contents of abscisic
acid in root bleeding sap; TOA : R Z i i # *F A PLER & & Total organic acid in root bleeding sap; AC: B4t #) & & Amylose content; GC: & #7&
Gel consistency. A: 43 BER M Mid-tillering; B: 4h## 431k 5 ] Panicle initiation; C: fif# ] Heading stage; D: MM 8465 20 d Maturity or 20 days
after anthesis. *: P<<0.05; **: P<C0.01.
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