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Fig. 1 Rice yield under different fertilization methods
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Fig. 2 Correlation between nitrogen reduction and yield
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Table 1 Rice yield and its components under different fertilization methods

A bisE A7 AL/ (< 10%/hm?) P H Rk GESE) U T /g
Year(Y) Treatment(T) Valid panicle No. Spikelet per panicle Seed-setting rate 1 000-grain weight
NO 170.144=2.41d 196.014=2.64b 78.51£2.28a 24.38£0.62a
N1 246.5343.18a 214.06+7.73a 73.3343.06b 24.3940.24a
2020 N2 238.1911.48ab 218.40£8.36a 72.6743.06b 24.5140.06a
N3 226.39£8.42bc 218.52+6.90a 73.67+£0.57b 24.78+0.46a
CK 225.00£2.08¢ 221.00£7.80a 71.6741.53b 24.5740.07a
NO 179.86+£3.18d 192.3447.13b 87.1740.85b 24.7940.24a
N1 262.50=£5.51a 218.0412.37a 88.484-0.39a 24.79£0.15a
2021 N2 253.47+3.18b 216.50+6.88a 88.3740.20a 24.82+0.17a
N3 239.58+4.16¢ 210.13£1.71a 87.734+0.61ab 24.8540.07a
CK 237.50£2.08¢ 218.39£11.71a 87.160.58b 24.65+0.15a
Y *k ns ok *
T - ok * ns
YXT ns ns Hx ns

TE NG PR FOR 255 B3 (P<0.05) , #+FKoR 22 5 B 3 (P<<0.01,ns #Frn 25 AR, TIH. Note:Small letters and * in the table

indicate significant difference (P<C0.05), ** indicate extremely significant difference (P<<0.01), ns represents no significant. The same as be-

low.
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Fig. 3 Tiller dynamics of rice under different fertilization methods in 2020(A) and 2021 (B)
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Fig. 4 Leaf area index of rice under different fertilization methods in 2020(A) and 2021(B)
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Table 2 Dry matter accumulation of rice under different fertilization methods t/hm?

0y (T Sy e ZB T SR A SYEE-ZEREN) ZERR-SRREM SRRE-RGAY
(Y) Tillering Booting Full Mature Tillering- Booting- Full heading-
Year Treatment stage stage heading stage stage booting full heading mature

NO 0.56+0.01d 3.05+0.14¢ 6.41+0.20d 12.0040.11d 2.49+0.15¢ 3.36+0.24b 5.58+0.13¢c
N1 1.05+0.02a 5.47+0.16a 10.924-0.06a 22.00+1.28a 4.434+0.14a 5.45+0.14a 11.05+1.28a
2020 N2 0.964+0.03b 5.21+0.28a 10.284+0.12b 20.15+2.25ab 4.254+0.30a 5.06+0.20a 9.87+2.37ab
N3 0.9140.02¢ 4.8140.05b 9.80+0.21c 17.41+0.16¢ 3.89+0.05b 5.00£0.21a 7.6140.06¢
CK 1.0340.02a 5.36+0.17a 10.4040.26b 18.1940.47bc 4.33+0.17a 5.04+0.43a 7.79+0.31bc
NO 0.5740.01d 5.7540.10d 9.5540.42d 15.97+0.43c 5.1840.10d 3.80£0.50b 6.4340.77¢c
N1 1.044-0.02a 9.41+0.14a 14.7740.38a 25.93+1.58a 8.37+0.15a 5.35+0.46a 11.16+1.31a
2021 N2 0.97+0.02b 8.68-0.52bc 14.144-0.20b 24.13+2.85ab 7.71-£0.50bc 5.46+0.70a 9.99-+2.93ab
N3 0.8940.03¢ 8.40+0.08¢ 13.6240.09¢ 21.34+0.17b 7.50+0.07¢ 5.22+0.10a 7.737£0.25bc
CK 1.034-0.03a 9.090.36ab 14.1340.28b 22.18+1.18b 8.0640.38ab 5.04+0.40a  8.05+1.09abc

Y ns ok ok Kok ok ns ns

T ok ok o ok ok ok ok

YXT ns Hok ns ns Hok ns ns
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1 2% 37T UL, A Ab B K REAR R AR P2 AR 122
SRR EARMEIE T F A CK AR TR
P H AR AR Y AR AR 8 /N T IX
BN NT N2 FIN3 (AR &, (H CK 50 3 it JE Ak 3
AR AL DI AR AR 25 AN B 3 5 Ab B N AR B
b CK @ 11.91% , lbARFENS 5 11.57 %

TE— VR it I 7 X N [ it AR A R, N N2
TN A2 FHL (1] A it A X455 P )P AR T i 25
ELAH T oA it AR X 3380 3 391 &5 4 16.29 26 .9.08 % F
15.63% 3 N1, N2 Al N3 Ab H 7] 7 it JE X 358 P4 (1) - 24
HR 2% AR T (0 35 25 5, (ELAH B A il AES DX 300 43 1) 1=
H15.33%.9.43% A1 11.65% ; N1, N2 1 N3 4b H 5]

A it A DX 358 PN 1 - 4R A FR O Wk 3 22 S (HAR LU oK
Jita I X 355 0] 43 53] v S 34.77 % . 35.41% #131.61% ;
NI N2 A 9 ] 7 i HE X3 P 0 AR B E i 2 22 5,
N2 N3 A 7] 7 il AT DX 38 P 0 AR B E i 22 5,
{EAL BN A SRR L N3 1/ 12.57 %, Z 7R3 .
JKF-o NTUNZ FTNS &b P[] A e JE X385 PN 1 5 AR 2
AH LG R it JE X3 43 ) HY 80.45%4 . 63.14 %6 I
76.04 %% 5 il I Ah 28R ) A it RSO0 R 2R ) 45 04
br E 2SR,
26 AEBERAFXIKBREF AR

H1 2 4 FTHT, R B B A5 R 3 R R A A
li1] 22 5 35 3K B g KT s AR AN AL BEXT R R B R
FE BRI T AR
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Table 3 Morphological characteristics of rice roots at full heading stage under different fertilization methods

) . ” TR TR EAR/ THIRIAFL/ ) . N
WEKE TR/ m o T PRRAR oK A A
LEi Iy M/ cm mm X (10 *em®)
Fertilizing Average root Total number of roots Total number of
Treatments Average root Average Average root e
area length . of fertilizing area roots of treatments
surface area diameter volume
NO 14.62+0.78c 2.77+0.01c 0.53£0.02a 2.29+0.16¢ \ 384.67+15.50¢
F 21.84+0.21a 3.7740.16a 0.5340.02a 4.3940.10a 397.00-£20.22a
N1 617.00£9.54a
NF 18.7840.38b 3.27+0.18b 0.53740.03a 3.26+0.13b 220.00+27.78¢
F 20.597+0.63a 3.664-0.15¢ 0.5340.01a +0.132 370.3314.01ab
N2 a Sa a 4.39+0.13a al 507 334+11.37a
NF 18.87+0.24b 3.35£0.15b 0.544-0.03a 3.24+0.07b 227.00£18.08¢c
. F 21.40£1.65a 3.7540.05a 0.5440.01a 4.3640.12a 352.67£15.53b .
N3 553.00£21.93b
NF 18.51£0.30b 3.360.05b 0.5340.03a 3.31£0.06b 200.33£6.66¢
CK \ 18.53x1.17b 3.304=0.20b 0.534=0.01a 3.30£0.15b \ 551.33£22.59b

1 : F F1NF 43 BRI AL AL X AR EAC IX . Note: F and NF represent the fertilized side and the unfertilized side of deep side fer-

tilization.
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2020 4F- .
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Table 4 N use efficiency of rice under different fertilization methods

EB(Y) AR (CT) AFE M H 4/ (kg/hm?) RERM REA: AFEAM REMmA

Nitrogen FIFH=/ % FIF=/(kg/kg) FIFH=/ (kg/kg) 7211/ (kg/kg)

Year Treatment . . . N N

accumulation ANUE AE PNUE PFPN

NO 76.17+1.86d / / / /
N1 148.87+5.01a 37.28+2.38a 16.27+1.41a 46.74+1.72b 48.224+0.73b
2020 N2 132.6143.76b 32.25+2.33ab 14.56+1.35ab 45.16+0.83ab 50.15+1.32b
N3 119.00+4.15¢ 27.46+3.41bc 12.8241.37bc 46.7440.87a 52.74+1.15a
CK 128.37+6.42b 26.77+2.38¢ 10.73+1.14c 40.05+1.60c 42.67+0.82¢

NO 79.73+3.05d / / / /
N1 167.61+2.37a 45.07+1.96a 18.0740.73a 40.15+2.45ab 56.40+1.07b
2021 N2 144.16+3.18b 36.724+0.12b 15.3040.44b 41.67+1.30a 57.89+0.86b
N3 128.28+10.02¢ 31.12+5.24be 13.2842.08¢ 42.72+0.50a 61.1942.55a
CK 139.6946.65b 30.75+3.83¢c 11.17+1.84d 36.29+3.27h 49.50+2.23¢

Y sksk ksk ns Kk kk

T *3k *3k *% *k K%

Y XT ns ns ns ns ns

3 3t ¥ b R ORI T S R B S A

IR 7 By B TR R RCRER T B Rk
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TA A il % 45 TR T HE LA 2 22 B AR i b %) b S B AR
SR, XF B HUE A Ak BN 18 7 5 i 2 A 22 R AT L 2
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Effects of one-time side deep application with controlled-release
fertilizer on rice growth, nitrogen utilization and yield

SONG Wenjie, LUO Jiarun, LIU Wei,ZHANG Dahong, LI Yanli, LU Bilin

College of Agronomy, Yangtze University,Jingzhou 434025, China

Abstract Taking the rice variety “Quanliangyou Efeng Simiao” as the material , the treatments in-
cluding no fertilization (NO) , the one-time side deep basal application of controlled-release fertilizer (N1),
the one-time side deep basal application of controlled-release fertilizer by 10% nitrogen reduction (N2),
the one-time side deep basal application of controlled-release fertilizer by 20% nitrogen reduction (N3) ,
and the traditional and fertilization (CK) were set up to develop the simple and efficient cultivation technol-
ogy of machine-transplanted rice with one-time deep foundation application. The tillering dynamics, leaf ar-
ea index and dry matter accumulation at stages of major growth, root index at stage of heading, various ni-
trogen use efficiencies and yield were measured to study effects of one-time side deep application with con-
trolled-release fertilizer on the growth, nitrogen utilization and yield of rice. The results showed that the N1
and N2 treatment significantly increased the yield by 12.99%-14.85% and 5.47%-6.09% compared with
the treatment of CK. The yield of N3 treatment was not significantly different from that of CK. After fitting
analysis of fertilization amount and yield, the yield was the same as that of CK when the nitrogen was re-
duced by 18.72%. Compared with CK , the one-time side deep application of controlled-release fertilizer sig-
nificantly increased the tiller percentage of ear bearing, the leaf area index and dry matter accumulation at
stages of the middle and late growth of rice, promoted root growth and expanded the distribution range of
roots. Compared with CK, N1, N2 and N3 treatment increased the apparent nitrogen use efficiency by
1.21%-46.57% , agronomic nitrogen use efficiency by 18.85%-61.73% , physiological nitrogen use efficien-
cy by 8.90%-17.71% and partial factor productivity nitrogen by 12.99%-23.61%. It is indicated that the
one-time side deep application of fertilizer release promotes root growth, increases panicle number, im-
proves the efficiency of various nitrogen use, and greatly reduces the number of fertilizations. The high and
stable yield of rice can be achieved within the scope of reducing nitrogen by 18.72%.

Keywords simple and efficient cultivation; controlled-release fertilizer; side deep application; nitro-

gen management ; nitrogen reduction ; rice growth; yield ; nitrogen use efficiency



