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under different zinc treatments at the same nitrogen level.
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Fig.1

AEMETEH(A) DEH(B) JHEH(C) XA (D) BARBM WML 5 EBEYE
Shoot dry weight of Nipponbare and Gaungliangyou 35 at seedling stage (A) ,tillering stage (B),

heading stage (C) and maturation stage (D) under combined application of nitrogen and zinc

*1 AERETKEFEREMEEZR
Table 1 Yield and its components of rice under combined application of nitrogen and zinc
o BRI/ K/ HEE/ R AL LR /I Y Mg/
V””, . (kg/hm?) (kg/hm?) (X10'/hm?)  Spikelet number %3 (kg/hm?)
arieties
N level Zn level Panicle number per panicle Plant yield Theoretical yield
0 250.00+29.99b 91.00+11.28a 23.32+6.32b 3 358.324+909.87b
0 15 307.004+8.32a 75.007+30.02a 23.361+8.67b 3 363.924+1 247.86b
30 322.0048.32a 104.00£9.64a 36.79+£3.59a 5297.76+516.74a
0 274.00+14.41c 105.00420.85a 28.26+3.51b 4 069.124+505.47b
80 15 327.00+8.32b 117.00+10.38a 37.41%1.09a 5 386.96+157.43a
30 360.00+14.41a 107.00£17.52a 40.094+1.71a 5 773.524+246.89a
H A i 0 370.004+8.32a 108.005.04b 38.33+£7.82a 5519.4441 126.56a
Ni ; 160 15 394.0048.32a 98.00£9.40b 39.07+£3.96a 5 626.404+570.93a
INT on
pponbare 30 375.00+14.41a  125.00%4.81a 10.40+2.78a 5 818.08-399.92a
0 307.00+16.64b 134.00+18.06a 37.82+2.75a 5445.76+396.27a
240 15 437.00+58.23a 122.00+14.96a 40.4049.94a 5 817.8441 431.22a
30 451.0048.32a 120.00£6.29a 48.6145.09a 6 999.444732.42a
0 154.0048.32a 154.00+£44.09a 32.60+13.37a 4 693.84+1 925.94a
0 15 173.00£28.81a 155.00£8.49a 36.44+4.62a 5607.124+235.92a
30 154.00+8.32a 162.004+22.00a 37.92+£7.58a 6 028.44+473.88a
0 173.00+£38.12a 206.00+33.92a 38.95+3.07a 5609.16+312.36a
80 15 168.00+8.32a 176.00+35.81a 44.5949.85a 6 420.3241 418.73a
WAL 35 30 197.00+29.99a 138.00+29.96a 46.55413.78a 6 703.56+1 402.68a
Guangliangyou 35 0 221.00+22.01b 195.00418.38a 59.85+3.04a 8 618.164309.36a
160 15 226.00+16.64b 194.004+21.82a 63.02+14.57a 9 074.96+2 097.66a
30 259.00+14.41a 163.00£9.51a 63.71+18.72a 9173.9242 695.29a
0 178.0048.32¢  152.00£31.03a  42.49+£7.57b 6 118.00%1 089.58b
240 15 259.00£14.41b  186.00£12.58a  70.82:£10.76ab 10 881.48997.32a
30 293.00+16.64a 183.00426.54a 79.44+12.74a 11 438.72+1 834.34a

T A A 7R3 R A R &K S 9K TR A 3R H B G Y B 35 22 5 (P <C0.05). T [Al. Note: Different letters indicated the significant

difference (P<C0.05) under different zinc treatments at the same nitrogen level. The same as below.
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e, 5 0 15 kg/hm® 8% BB AH M, b FH 30
ke/hm® 8¢ AL T o 7K A5 B IS 7 5 19 38 0 i 3 B R O
H. TG & H AR & WA 35, ZE IR Al (<80
kg/hm?®) % £ & (240 kg/hm®) £ F . it FH B2 00 %
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Table 2 N content in different tissues of rice at maturation stage under combined application of nitrogen and zinc mg/g
Jz ok S
, PEIKF-/ e "
i AT/ /bty (T o it % B #
m
Varieties N level € New leaves Old leaves Stems Sheaths Spikelets
Zn level
0 19.094£0.03a  17.31%0.11a 6.81+0.61a 7.5+0.41a 12.99£0.92a
0 15 15.3740.09b  14.93£0.44b  5.5441.00a 5.75£0.35b  12.1740.10a
30 10.81+0.76¢  13.0240.58¢ 6.361.43a 7.63+0.79a 13.12+0.95a
0 16.36+1.60a  15.63+1.40a 5.77+0.86a 6.2040.40a 13.04+1.53a
H A 1 80 15 13.09+2.91a 11.3+1.70b 4.484+0.62a 6.38+0.55a 11.31£0.28a
. " 30 11.22+2.29a 9.21+0.58b 5.81+0.61a 6.46+0.84a 12.74+1.84a
Nipponbare
0 14.48+0.73b  13.88+2.16a 4,1740.20b 6.53+0.81a 11.85+0.50a
160 15 17.27£0.16a  9.23+£1.43a  5.7940.7la  5.93+0.16a  13.0310.46a
30 17.40£0.95a  13.7940.99a 3.93£0.36b 6.8340.39a 11.87£0.66a
0 9.75+1.54b 9.82+0.42b 7.74+1.76a 7.03£0.60a 13.59+2.14a
240 15 14.08£0.91a 8.4141.10b 4.4040.37b 4.4841.16b 10.15£0.41b
30 12.87+1.96ab 15.55+0.80a  5.79£0.79ab  6.1540.47ab 12.66+0.48ab
0 8.31£0.40a 5.3940.57b 4,5140.70a 4.3740.29a 12.01£0.33a
0 15 10.19+2.55a 7.02£0.87b 5.31£0.37a 5.247+0.65a 11.28+£0.47a
30 12.22+1.71a  10.0340.97a 4.6140.10a 4.70+£0.31a 11.42+0.85a
0 8.7340.09ab 4.0640.12b 4.337£0.24a 4.31£0.83a 10.98+£0.53a
WAL 35 80 15 6.87+0.32b 5.62+0.32b 6.07+£0.74a 5.17£0.05a 10.72£0.96a
Guangliangyou 35 30 11.27+1.66a 9.0941.35a 4,6340.75a 5.63+1.15a 11.71£0.98a
0 8.27+1.26a 7.15£0.53a 4.8440.41a 5.45+£0.02ab  12.89+2.73a
160 15 10.71£0.03a 5.604+1.09a 3.9340.21a 4.66+0.73b 10.28+0.88a
30 12.36+2.40a 5.91+0.58a 5.21+0.73a 7.10£0.53a 13.16+1.14a
0 14.42+0.66a 8.00+£0.91a 4.854-0.33a 5.52+0.63a 11.83£0.03a
240 15 8.56£1.40b 4,8840.51a 4,4240.65a 4.62+0.42a 12.64+0.61a
30 7.09£0.32b 5.56+0.80ab 5.17£0.61a 4.03£0.97a 11.49+0.63a

TEJiti FH A NE<<80 kg/hm® M £ 144 . ifh £% 5 i
AR T H A I A pk b iy &0 3R PR a5 (L AFE v AL (240
kg/hm?) 24 F , Jii F 30 kg/hm? B A4S 6E i 2 12
e H A I R R 0 R B (R 2A) . XTI 35

e RATTE A FUIE B 200 it B BE 95 42 v AE Ak
i A FE B (8 20) .
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ST.Z5;SH. ¥ ;OL: M ;NLHi M ;SP.##, FIA, ST:Stems;SH:Sheaths; OL: Old leaves; NL:New leaves; SP: Spikelets. The same as

below.

2 REMETHAPEEEM LI NERRE(AC)IURAEZSIBAMNSELLF](B.D)
Fig.2 N accumulation (A,C) and distribution (B,D) of Nipponbare and Guangliangyou 35

at maturation stage under combined application of nitrogen and zinc
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Table 3 Zn concentration in different tissues of rice at mature stage under combined application of nitrogen and zinc ng/g
BEAKF-/ HKF-/ . .
b (ke/hm?) (1}; Jhm?) Bt EALY ES I 4 il
m? /hm?
Varieties ; & & New leaves Old leaves Stems Sheaths Spikelets
Zn level N level

0 16.854+1.25b 16.25+1.44ab 28.8640.64c  19.6740.34a 28.14+1.01b

80 14.0341.53b  13.6440.68b  44.464+1.75a  19.9640.82a  37.104-0.85a

0 160 17.54+1.01ab 19.1443.85ab  37.3541.04b  12.03+5.34b  37.4442.78a

240 21.41+2.94a  19.724+1.09a  45.544+1.95a  21.0040.64a  34.5641.29a

EEN 0 16.95+1.81ab  32.27%+1.64a 52.95+0.89a 17.0140.76b  28.4641.98¢
Nipponbare 80 15.6041.46ab 18.9242.79b  56.60+5.97a  36.03+8.37a  33.73+1.10b
15 160 18.7343.04a  30.7241.47a  22.9042.72c  30.80+1.19a  38.78-+2.02a

240 13.154+1.51b  31.364+1.09a 38.3941.72b 25.68+3.61ab 29.544-0.78¢

0 14.3841.30b  24.34+1.01b 44.83+4.96ab 21.56+0.93bc  33.940.32a

80 16.6240.73ab  23.4940.61b  33.5144.50c  20.3042.11b  30.63+1.76b

30 160 13.85+£1.57b  22.8740.21b  36.8340.48bc 25.484+2.10ab 34.8240.13a

240 19.2640.20a  26.2640.63a  47.56+2.57a  27.34+1.66a  30.79+0.00b

0 21.084+2.42a  18.2442.30a  30.6240.30b  24.9942.35a  20.15+1.03b

30 18.7641.77a  15.7842.13a  35.09+4.69ab 14.43%1.62c  20.45+2.45b
0 160 20.60+0.57a  19.274+2.44a  42.49+5.18a  18.98+1.65b 22.7740.01ab

240 18.2040.12a  18.6741.05a 33.49+1.72ab 18.39+0.65b  24.47+1.57a
0 17.1240.62b  22.7040.92a  27.9440.64a 19.58+1.51a 19.99--1.86bc

80 22.10+0.80a  21.6540.35a  30.9647.89a 16.9141.26a  22.04+0.40b

JUPIAR 35 15 160 19.184+0.53ab  25.8743.29a  27.2342.45a 18.36+11.13a 24.5540.22a
Guangliangyou 35 240 21.99+2.58a 12.0742.43b  26.23+6.39a 17.31+3.0la  19.1640.37¢
0 15.214+1.75¢c  33.66+10.82a 30.34+2.09a  20.03+2.58a 21.67+0.89a

80 21.69+1.19ab  25.56+2.20a 32.21+4.80a 24.23+4.60a 21.49%0.62a

30 160 19.63+0.88b  25.2948.68a  27.0840.23a  22.31+£4.23a  21.4040.95a

240 23.33+1.71a  21.484+1.97a 31.95+14.81a 26.274+4.06a 21.1240.32a
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Effects of combined application of nitrogen and zinc on growth,
yield , nutrient absorption and distribution of rice

LI Junli, QIAN Gan, LI Haixing,ZHANG Limei, YE Xiangsheng, XU Fangsen, CAI Hongmei

Center of Microelement Research/College of Resources and Environment ,

Huazhong Agricultural University sWuhan 430070,China

Abstract In order to investigate the effect of the combined application of N and Zn fertilizers on the
growth, yield,nutrient absorption and distribution of rice, the indica hybrid rice variety Guangliangyou
35 and conventional japonica rice cultivar Nipponbare were treated with combined application of three
Zn levels and four N levels in field experiment. We analyzed the shoot dry weight at different growth sta-
ges,the yield and its components at mature stage as well as the concentrations,accumulations and distri-
butions of N and Zn in different organs and tissues. Results showed that the combined application of N
and Zn fertilizers had synergistic effect on the rice biomass at the early growth stage and the yield at the
mature stage. The combined application of N and Zn fertilizers had significant synergistic effect on rice
panicle numbers. The significantly increased panicle numbers determined the increase of yield under the
combined application of N and Zn fertilizers. The combined application of N and Zn fertilizers increased
the concentrations of N and Zn in rice plant,and promoted the distribution of N and Zn to the reproduc-
tive organ (spikelet) , which is one of the main physiological mechanisms of increasing yield under the
combined application of N and Zn fertilizers.

Keywords rice; combined application of nitrogen and zinc; nitrogen-zinc interaction; precise fer-

tilzation; rice production increasing; nutrient absorption
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