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Nitrogen management in machinery transplanted japonica rice under different
rotation systems for stable grain yield and higher nitrogen use efficiency

LONG Rui-ping', ZHANG Chao-zhong’, GE Qin-ying’, LI Gui-yong', XIA Qiong-mei', ZHU Hai-ping', MA Shu-qin',
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( I Food Crops Research Institute, Yunnan Academy of Agricultural Sciences, Kunming 650205, China; 2 Longyang District
Agricultural Technique Extension Station, Baoshan, Yunnan 678000, China )

Abstract: [ Objectives ] The soil fertility after the harvest of pre-crop affects the growth and yield of the
following crops in a rotation system. We investigated the soil fertilities in the main rotation systems, and the
suitable nitrogen fertilizer rates and application times for the following rice production, in order to achieve the
goal of reducing nitrogen fertilizer input and maintain high yield of rice. [ Methods ] Field experiments were
conducted in the japonica rice region of Yunnan Province, using rice cultivar of ‘Longke16’ as tested materials.

The tested three rotation systems were oilseed rape-rice, wheat-rice, and broad bean-rice. Six nitrogen rates of 0,

isEHA: 2019-05-08 #Z HEA: 2019-08-20

EEWB: EFREOU LI (2017YFD0300102 ) 5 AOMFA AT (4ol ) BHFLI (201303102, 201303129) 5 mEEARHEER
LI (2016RA001) ; =P EIFIAI AR (2017HC022) .

BAAN: ki T E-mail: Ip725@126.com ; * @{FE1EH # M5t E-mail: yanged2005@163.com


http://dx.doi.org/10.11674/zwyf.19183

44 T, 5 AREFAERRT B TR R AZ™ A1 RUIL Rk i RUIE 12 %5 75 5K 647

90, 120, 150, 180 and 210 kg/hm* (expressed as NO, N90, N120, N150, N180, N210, respectively) were
topdressed as spikelet-promoting and spikelet-sustaining fertilizer in ratio of 6 : 4. Local recommended high-yield
N management (N 285 kg/hm’ in total, evenly divided and applied as basal, tillering, spikelet-promoting and
spikelet-sustaining fertilizer) was used as control. The 0-20 cm soil fertility were measured before rice seeding,
and the rice yields and nitrogen utilization were investigated at harvest. [ Results ] Among the three rotation
systems, the field after oilseed rape had the highest soil N content, followed by that after wheat, and the lowest in
that after broad bean. As a result, the yields and N utilization efficiencies of following rice were significantly
different. All the yield, N uptake, apparent N use efficiency of the rotation systems were in descent order of
oilseed rape-rice, wheat-rice and broad bean-rice system. The highest yield was achieved at N rate of 180 kg/hm’
in all the three rotation systems. Compared with CK, nitrogen input in N180 was reduced by 36.84%, while the
rice yield kept stable in the oilseed rape-rice and wheat-rice system , and was increased by 3.94% in broad bean-
rice system. For two consecutive years of reduced nitrogen cultivation, the rice yields reduction of 1.07, 0.30, and
0.29 t/ hm® occurred in oilseed rape-rice system, wheat-rice and broad bean-rice system. The application of panicle
fertilizer alone increased the number of effective panicles. Although the increase in the number of effective
panicles was slightly lower than that of the control, there was no significant difference in the total number of
spikelets. The highest N agronomic efficiency was achieved when the panicle fertilizer application rate was 180
kg/hm? in the oilseed rape-rice rotation system. [ Conclusions ] In the paddy-upland rotation systems, the fertility
of field after oilseed rape is higher than taht after wheat and broad bean. For rice after wheat and broad bean, base
and tiller fertilizers are not necessary, top-dressing N 180 kg/hm* as panicle fertilizer (spikelet-promoting to
spikelet-sustaining in ratio of 6 : 4) will increase the rice yield and N use efficiencies within two years. However,
the sustainability of the N management needs further study for rice after oilseed rape.

Key words: machine-transplanted japonica rice; oilseed rape-rice rotation; wheat-rice rotation;
broad bean-rice rotation; nitrogen management; nitrogen use efficiency; yield
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Table 1 Basic physicochemical properties of the tested soil in 2016

AR BIUR (gke) KRR (mg/ke) A% (mg/kg) HAET (mgke) 2% (k) W (gkg) 2 (gke)

Rotation system Organic matter Hydrolysable N Available P Available K Total N Total P Total K

T
. . 7.66 a 7390 a 230 a 48.6b 310a 3.64a 0.75a 9.04b
Oilseed rape-rice
B
. 7.06 a 68.70 ab 236 a 453 Db 171b 3.24b 0.87a 8.30¢
Wheat-rice
T-HE
7.52a 60.00 b 196 b 83.7a 167 ¢ 3.06b 0.85a 9.96 a

Broad bean-rice

# (Note) : [RIFVEFE AR TR RA R H A2 573K 5% B.E 7K Values followed by the different letters in a column indicate

significant difference among different fields at the 5% level.
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Table 2 Effects of panicle N application rates on yield and its compositions under different rotation systems
N AR (< 10%hm?)  EBUERE (< 10Yhm?)  SORIEL (No./panicle) TR (g) SR (Yhm?)
Rotation Effective panicles Total spikelets Filled spikelet 1000-grain weight Actual yield
Treatment
system 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
g NO 248.82d 238.28d 36259.92 ¢ 33359.90d 137.93cd 132.51b 29.67 a 30.30 a 10.57 ¢ 9.35e
Oilsee.d N90 270.44c 258.26¢ 4080591 b 36479.54c 141.77bc 133.49b 28.33b 29.87b 1097 ¢ 9.69 de
rpees N120 282.45b 270.10b 42694.59b 38606.28b  142.25bc 135.47ab 28.00b 29.60 be 11.87ab 1034 cd
N150 283.14b 272320 46369.26 a 39303.22b  149.53a 136.28ab 28.33b 2953 ¢ 12.25a 10.64 be
N180 296.87a 281.20ab 45955.86a 41588.04a 143.64b 138.50a 28.00 b 29.50 ¢ 12.13 a 11.13b
N210 29790a 272320 46071.45a 40938.42a  139.23 bed 13533 ab  28.33 b 2933 ¢ 12.08 a 11.03 b
CK 29996a 286.38a 46271.74a 41928.55a 13555d 13537ab 28.00b 29.53 ¢ 11.52b 11.75a
T 282.80 268.41 43489.82 38886.28 141.42 135.28 28.38 29.67 11.63 10.56
Average
Z-Fd NO 241.61d 238.28¢ 33332.12d 3213098d 132.18a 12998ab 30.33a 3040 a 9.21d 9.16 ¢
Wheat-rice Ng 258.09¢c 247.16de 36225.13¢ 33670.71c  131.45a 131.25ab 29.00b  29.77b 10.00c  9.77b
N120 262.55¢ 25234cd 37845.51 bc 34620.20bc 134.23a 131.66a 29.67ab  29.67 bc 10.11¢ 9.82b
N150 27936b 259.00 bc 39188.34ab 35751.71b 129.55a 131.44ab 29.00b 29.60 be 10.25 be 9.91 ab
N180 285.54ab 267.88Db 40043.43 ab 38155.83a 129.00a 133.50a 29.00 b 29.50 be 10.59ab 10.31 ab
N210 287.60a 283.42a 40740.47 a 38360.86a 130.66a 127.18b 28.67b 29.13d 10.67ab  10.12 ab
CK 288.63a 286.38a 39724.18 ab 39355.98a 129.31a 130.09ab 29.33 b 2943 ¢ 10.82a 10.46 a
S 271.91 262.07 38157.03 36006.61 130.91 130.73 29.29 29.64 10.24 9.94
Average
T NO 226.51d 234.58d 29565.40b 31734.53d 124.83b 128.99b 29.67 a 29.73 a 8.85d 8.98 ¢
Broad' N90 270.44 bc 253.82¢ 36363.25a 34581.68c 127.22b 129.28b 29.00 a 29.67 a 9.64 ¢ 9.68 ab
bean-rice N120 27044 bc 264.18bc  38155.80a 36399.24b 13425a 130.05b 29.00 a 29.57 ab 10.13b 9.72 ab
N150 271.13bc 273.80ab 38164.86a 38107.61a 13439a 13147ab 29.67a 29.53 ab 10.21b 10.03 ab
N180 273.87ab 27528 ab 38774.99a 38737.07a 133.65a 131.94ab 29.67a 29.47 ab 10.72 a 10.12 a
N210 279.02a 27824a 38645.07a 37446.25ab 129.68 ab 128.84b 2933 a 29.33b 10.21b 9.45 be
CK 26495c¢ 272.32ab  37136.39a 38549.23a 132.87a 13493a 30.00 a 29.57 ab 10.15b 9.89 ab
4 265.20 264.60 36686.54 36507.95 130.98 130.79 29.48 29.55 9.99 9.70
Average
F {H F-value
AR (R) 17124 4.68 172.00* 73.68  123.69"  24.65™ 24.75" 2.89 394.33" 4137
Rotation model
it (N) 270.30™ 48.72™ 57.16™ 99.19" 7.81™ 3.90™ 4.70™ 25.79™ 67.25™ 21.98™
Nitrogen rate
RxN 15.86™ 2.78" 2317 2.39" 5.40™ 1.25 1.80 2.58" 4.29™ 3.10™

1 (Note) : CK—N 285 kg/hm?, a4 A3EAE . BEE . FEAERERIERAEAEREA N 285 kg/hm? was divided evenly into four parts, and applied
as basal, tillering, spikelet-promoting and spikelet-sustaining stage. [R5 40455 A Rl Z6E FR AR B 22 53K 5% 357K Values followed by
different letters in a column indicate significant difference among different treatments at the 5% level. *—P < 0.05; **—P < 0.01.
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%3 TRRERXTREEAEMNKEFEMNRSHREARREEAFNE (kg/hm’)

Table 3 Effects of panicle N application rates on N uptake in each organ of rice at different growth stages under different
rotation systems

{8 4 1 Inverse 4th leaf stage

F51840] Full heading stage

A Maturity

?ﬁ%i s
OrtiOn catment e o ey i i ey i i
system Stem and sheath Leaf Stem and sheath Leaf Panicle Stem and sheath Leaf Panicle
LR NO 1330 b 20.02 b 39.43d 65.07f  16.58d 19.04 ¢ 1221¢  113.96¢
Oilseed N90O 13.01b 19.65b 47.04d 80.01de 17.81¢ 22.74 be 14.63 b 133.66 b
rape-rice
N120 1340 b 19.90 b 5830 ¢ 86.50c  19.46b 27.44 ab 17.71ab 13891b
N150 12.97b 19.59b 71.93 b 91.55b  20.00b 29.38a 17.16ab 139.44 b
N180 1333 b 19.69 b 85.69 a 99.05a 21.69a 30.81a 1841a 153.57a
N210 12.96 b 1929b 74.95b 83.43cd  16.93 cd 31.07a 18.01a 159.03a
CK 17.56 a 23.66 a 58.78 ¢ 7794¢  19.19b 27.48 ab 13.48¢c 164.13a
Sy 13.79 20.26 62.30 83.37 18.81 26.85 15.95 143.24
Average
pa i NO 11.04b 18.80 b 33.66 d 46.81d  14.74d 17.13d 9.18d 102.31d
Wheat-rice N9 11.08 b 19.25 ab 37.15d 52.02¢  l6.14c 21.27 cd 12.80¢c  120.69 ¢
N120 11.70 b 19.03 b 45.46 ¢ 5834b  17.49b 22.61 bed 13.23bc  121.69 be
N150 11.78 b 19.31 ab 51.85 be 59.85b  18.00b 28.31 ab 17.04a 123.74bc
N180 1143 b 19.74 ab 62.07 a 6242b  2047a 33.182a 17.55a 132.45abc
N210 11.48b 19.42 ab 49.48 be 59.68b  18.68b 28.40 ab 16.20ab 137.92a
CK 15.14a 2093 a 54.83 ab 69.17a  1847b 25.39 be 17.57a 133.77ab
Sy 11.95 19.50 47.79 58.33 17.71 25.18 14.80 124.65
Average
T NO 12.44 b 21.87b 31.99 ¢ 46.08¢  13.98d 1550 b 7.58b 101.67b
Broad N90 12.53 b 20.55b 38.98 be 5841d 1633 ¢ 21.10a 9.96ab 110.10 ab
bean-rice
N120 12.72b 21.48b 46.15b 62.28d  17.11bc 23.50 a 11.82a 11453a
N150 12.72b 2142b 5537 a 69.66¢c  17.65b 23.63a 11.55a 113.09 ab
N180 12.68 b 20.81b 62.14a 7404b  1936a 24.54a 12.08a 121.15a
N210 12.86 b 20.84 b 57.12a 80.25a  18.95a 26.75a 126la 114.63a
CK 14.86 a 24.64 a 59.40 a 7933a  19.56a 23.58a 12.13a  11648a
i 12.97 21.66 50.16 67.15 17.56 22.65 11.10  113.09
Average
F {H F-value
B (R) 83.15™ 30.04™ 52.72* 57631  21.84" 8.51" 41.00"  98.19"
Rotation model
W% Nitrogen rate (N)  71.83" 14.32% 54.96" 122.26™  59.71" 15.05™ 13.55  23.71%
RxN 3.06™ 1.25 3.07" 20.83" 6.14" 0.78 2.05" 2.49°

T (Note) : CK—N 285 kg/hm?, “5H4 HIEAE . BEAE . FRAENEAELAENEHEA N 285 kg/hm? was divided evenly into four parts, and applied
as basal, tillering, spikelet-promoting and spikelet-sustaining stage. [R5 G f5 AN [F] = 1E 3R Ab B 8] 22 53K 5% b 7K Values followed by the
different letters in a column indicate significant difference among different treatments at the 5% level; *—P < 0.05; **—P < 0.01.

7= 91 L IR A 2R AN R A~ R e i
{EALPRAR T CK, ] FU 1 B R AL A RE S 4 i

MR L RORMA R FIHIRCR (R 4).

AN TR 8 A A X ) 7K AR 1 R T W A R R
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Fig. 1 N translocation amount in rice as affected by panicle N application rates under different rotation systems
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AR FEAR LA KRS A 2 20k A T BFERR
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I, $R 7 RERIE Sy, S T ORRR =R NAE
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R BT AR ] B AE KPS KRS B 7
/TR AR AR SR R
T U E B SR, BERGINS SR R,
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T AR, B TR E A E AR, X
AN Y- i S R B A3 Bk 2 S S5 A S K1 T
Rt i A2 - A 2 TR] B AE 0 7K 55 7K A ™ i e
%o MOKRESEBR ™ 805 220 M ) F R, FeARRL
AR R RO, HUCREIC A&, &/

ST HARRON , X U W AR AN it B 2R it AR
RSN, SRl b 7 25 K A 7™ = 2
R, EREER I F T, AL A Rt
MENEEUK R 2 2 AR s 77 d, 3k 5 AR S50
TR A A — 3, ARPFFEERY], KRR ANE R
O AR R BN T AR, A SR 1 e i
R, XA REAE B TER — A el U e IR O BRI
FE A FPAE T SR S K BN —4F, P4
HE, FECTEHKREEIE SRR, R T
O ARWIE SR R By P aE, TN R SRR
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kg/hm? 5 TR TR RA R AL A &, 45
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PRSI G20 . RS TR rER M, AR T AR A
KA EiEm . ENIARSFEA S, A oA [m] i A
A AN A R AL U o, AESEAE R 95.39 kg/hm® AN
Jiti 7 BEAR B RTEE T, 86 1 8 S A A AN AU A
120 kg/hm?, RE W 3 S REMHIERH &N 180
kg/hm?, AR TEAC AR H & 5 S AP AR BE NS AU FH i
ARG —EME R, FEALA 5 BE AL &URE o 7K Rt
R IR BER A, NI ARATEE 55 A AT RO
TERFERAE P A R . W58 CK b3
A SR AR B v, IR B T SR BENE AR B N K R
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F, AR ORI AR, FICHEDKE
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Table 4 Effects of panicle N application rates on N use efficiency in rice under different rotation systems

FeVEREE e REBTAE AR TYIA R RERAESE AmE™ ) FIERWAAHR  FIeR2AF %
Rotation NHI NBPE NGPE NPP NAUE NAE
Treatment
system (%) (kg/kg) (kg/kg) (kg/kg) (%) (kg /kg)
- NO 78.46 ab 98.31a 64.42 a
Oilseed N9 77.88 ab 89.94 bed 58.27b 10936 a 2337 ab 550b
rape-rice
N120 7547b 91.99 be 56.18 be 86.18 b 30.12a 8.29 ab
N150 74.95b 94.76 ab 57.23b 70.92 ¢ 25.38 ab 8.61 ab
N180 75.75b 91.37 be 54.95 be 61.81d 3049 a 9.88a
N210 76.33 b 86.82 cd 5298 ¢ 5251¢ 28.67 ab 8.00 ab
CK 80.04 a 84.68 d 57.32b 4123 f 20.06 b 8.44 ab
Ty 76.98 91.12 57.34 70.33 26.35 8.12
Average
G 2] NO 79.54 a 107.63 a 71.28 a
Wheat-rice g 78.00 ab 96.50 b 63.18b 108.58 a 29.04 2 6.77a
N120 77.25 ab 96.80 b 62.33 be 81.83 b 24.09 ab 547a
N150 73.10 ¢ 92.47 be 58.81 cd 66.04 ¢ 26.98 a 495a
N180 7225¢ 88.55 ¢ 56.49 d 57.30d 3031 a 6.39a
N210 75.64 be 87.50 ¢ 55.51d 48.19 ¢ 25.67a 455a
CK 75.76 be 90.52 be 59.26 cd 36.68 T 16.88 b 453a
i 75.94 94.28 60.98 66.43 25.49 5.45
Average
e 1 NO 81.48a 109.61 a 7198 a
Broad N90 78.03 b 103.70 ab 68.67 ab 107.61 a 18.22 ab 779 a
bean-rice
N120 76.49 b 101.71 b 64.94 bed 81.01 b 2092 a 6.15 ab
N150 76.27 b 105.74 ab 67.68 be 66.89 ¢ 15.68 ab 7.00 a
N180 76.80 b 100.58 b 64.19 cd 56.23d 18.34 ab 6.32 ab
N210 74.44 b 100.58 b 61.37d 45.00 e 13.92 ab 222¢
CK 76.55b 108.36 a 65.01 bed 3471 f 9.63b 3.19 be
T 77.15 104.32 66.26 65.24 16.12 5.45
Average
F {& F-value
AR (R) 2.20 80.34" 88.91" 33.27" 2425 11.53*
Rotation model
i A (N) 7.36™ 13.71* 30.53* 1529.04* 536" 233
Nitrogen rate
RxN 1.74 3.10™ 1.52 1.08 0.83 2.03

¥ (Note ) : NHI—N harvest index; NBPE—N use efficiency for biomass production; NGPE—N use efficiency for grain production;
NPP—Partial factor productivity of applied N; NAUE—N apparent use efficiency; NAE—N agronomy efficiency. [R50 5 AR FH FR 22 7k
5% it % 7K Values followed by different letters in a column indicate significant difference among different treatments at the 5% level. **—P <
0.01.
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FHZ M 7.11 keg/kg #EF) 11.35 kg/kg, MR RIER
2= FHZH 10.10 kg/kg $m5 19.59 kg/kg, HRA
Jit 3 B I 20 L it e A 2L A K A R I AR 2 R R 3 1
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