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Effect of additional applications of manure on rice crop yield and nitrogen use efficiency

LIU Tai'?, WANG Hongyuan®, YANG Bo’, WEI Jing’, HE Pengcheng’, WANG Yulong’, LIU Hongbin

(1. Ministry of Education Key Laboratory of Ecology and Resource Use of the Mongolian Plateau, Inner Mongolia Key Laboratory of
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010021, China; 2.Key Laboratory of Nonpoint Source Pollution Control, Institute of Agricultural Resource and Regional Planning, Chinese
Academy of Agricultural Sciences, Beijing 100081, China; 3. Agricultural Technology Extension Station of Ulanqab, Ulanqab 012000,
China)

Abstract: We investigated the effects of additional manure application on rice production. To this end, a pot experiment was conducted to
systematically explore the optimal additional application rate of manure, by analyzing crop yield and nitrogen use efficiency of rice,
chemical and physical properties of the soil after rice harvest, and the changes in the SPAD of leaves and inorganic nitrogen concentration
in the surface water. The results showed 0.75 times additional manure application (N content was 115.1 kg+hm™), with urea(N content was
192.8 kg hm™), presented the best performance. It increased straw yield, grain yield, spike number, tiller number, plant height, nitrogen
accumulation of straw, and nitrogen accumulation of grain by 36.2%, 46.4%, 12.1%, 16.1%, 0.7%, 48.5%, and 56.3%, respectively,

compared with the single urea application. In addition, the nitrogen use indexes, namely nitrogen use efficiency, nitrogen fertilizer
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contribution rate, nitrogen fertilizer agronomic efficiency, and soil nitrogen dependency ratio, were optimized simultaneously (P<0.05).

After the application of panicle fertilizer, the average concentration of NHi=N and NO3-N decreased by 10.4% and 10.3%. This indicated

that additional manure application at an appropriate rate enables to reduce the risk of nitrogen loss in the surface water. Furthermore,

additional manure application improved the soil nutrient content after rice harvest; the content of organic matter, total nitrogen, alkali—

hydrolyzed nitrogen, available phosphorus, and ammonia nitrogen increased with the application rate. Overall, 0.75 times additional

manure application combined with inorganic fertilizer input presented the best performance, by not only mitigating environment damage but

also improving grain yield. Our study provides a reference for determining the optimal ratio of organic and inorganic fertilizer in rice

production.

Keywords : nitrogen use efficiency; manure; rice; surface water; combination of organic and inorganic fertilizer
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Table 1 Fertilizer application rates in different

treatments ( g-pot™ )

4bdg JEHLN FEEN BN fRAEPOs  EIEKO
Treatment Inorganic N Manure N Total N Chemical P,Os Chemical K,O

CK 0 0 0 1.3 0.6

N 1.2 0 1.2 1.3 0.6
N+0.25M 1.2 0.2 1.4 1.3 0.6
N+0.5M 1.2 0.4 1.6 1.3 0.6
N+0.75M 1.2 0.7 1.9 1.3 0.6
N+M 1.2 0.9 2.1 1.3 0.6
N+1.5M 1.2 1.4 2.6 1.3 0.6
N+2M 1.2 1.9 3.1 1.3 0.6
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i S 20 RE R . I N aRE O K, A
DA o L RN A 71 B g i X VAN 7 R 8
500 3 Uk, U A B e - B E AR S i A
SPAD fH .

FH T 7K TCATL 0 B < B IE S it L Tt A S5 B 56
1.5.9dF17 dWCAEZL K . ARACREER 7ER
P 3h K T Y S50 100 mL 73 S5 4 B AL 3 4b 4
HOKFE TR A 5 M SE 0 % TR A KR e 8 4t
BEE TS AL (AA3, FEE  F [A]) 2 2 A5 A
(NH:i-N) FIAS S A (NO--N) MR B

I3 BERL BEECRIAR = < 75 43 BE RN BRI 45 5 43
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Table 3 Effects of manure application rates on SPAD

value of rice flag leaf

A 38 Treatment 08-17 08-24 08-31 09-07

CK 31.3+2.2b  31.0+2.2¢ 28.0£0.9¢  26.3x1.2b

N 41.6+0.9a  40.0+1.lab  39.0+0.7b  38.2+0.3a
N+0.25M 41.1x1.3a  40.6x1.3ab  39.6x1.2b  39.5+2.2a
N+0.5M 40.2+1.4a  39.3+1.0b  39.6+0.8b  39.7+1.3a
N+0.75M 40.2+2.0a  40.8+0.9ab  39.0+2.0b  39.2+2.4a
N+M 40.1+1.1a  40.6x1.7ab  40.1x1.6ab  40.4+1.2a
N+1.5M 40.3+1.7a  422+09a  42.0£0.5a  40.5+0.9a
N+2M 40.6+0.8a  42.0+1.3ab  40.8+0.7ab  40.9+1.l1a

AR B2 B I 5 T NOS-N, B & B[R] 9 488 NOS-N IR B2
BT, 5 NHE-N U B 22 S5 B B 4/ . 1 2%
I %o sk A S it S R TG K NHG =N e R 14 728 4k 5% i) 4
K, BT e DUA it B R 200 N Ak 3 7E A
B A S 1 O H DK Y NHG-N ¥R ik 31 1.49
mg - L7, Iz A BRAE 4 A ORE R [R] PN 19 i s K OF- o Tl
Xof T 3 it 28 IS g Ak B AR, FH TT K HP A NHE-N VR B
AR T R BETH R R T R R e S
[R50 5 KRB AR, 5 9 KGR B HARM Ko
NHi=N ()46 1M 55, N+0.5M . N+M . N+1.5M F1 N+
2M 4b B N A PR 43 5038 0 20.3% . 12.1% . 8.7%
15.7%, Horh 5 N+0.5M  N+2M Ab B4 22 Sk 3 7 5
2K (P<0.05) 5 5 N A4b FEAR EE , N+0.25M I N+
0.75M 4b BE [ NH;—N -3 % B 23 551 AR T 0.8% Fil
10.4% ,(HAL IR Z [B] () 25 A 2

AT 2 Hn] DL el H K R A A AR
7, DR 4% Ah B FE T 7K R A NOS—N R -3 18 3 it
PR Je Pt Ty, H v 38 it A8 ) b B S35 R
R R A, SR IR S 26 O KR B (R . Hit IR £

=2 FEBIGHEEXTKFEE R SPAD EHI ST

Table 2 Effects of application rates of manure on SPAD value of rice top second leaf

Ab P Treatment 07-20 07-27 08-03 08-10 08-17 08-24 08-31

CK 32.4+1.6b 32.6+2.0b 32.5+0.3b 34.5+0.8d 32.9+0.9b 31.1+2.6b 24.0+2.4b

N 42.9+1.3a 41.7£0.3a 37.6+0.8a 39.3+1.1ab 43.4+1.0a 41.9+0.7a 39.2+0.5a
N+0.25M 43.0+1.4a 40.7+1.1a 37.5+1.5a 40.8+0.7a 41.5+2.2a 42.4+1.4a 39.7+1.0a
N+0.5M 42.1+1.8a 41.3+1.0a 37.5+2.8a 38.3+0.4bc 41.2+1.7a 42.4+1.2a 39.6+1.9a
N+0.75M 43.1x1.5a 39.9+1.9a 37.2+0.9a 38.4+1.1bc 41.3+1.2a 41.6+0.9a 40.2+0.7a
N+M 43.3+0.6a 42.6+1.6a 36.8+0.6a 37.1+1.1¢ 41.5+1.4a 41.0+1.4a 40.5+0.9a
N+1.5M 41.8+1.3a 40.8+0.8a 36.3+1.9a 37.5+1.4bc 41.3+0.7a 41.8+1.5a 41.2+0.5a
N+2M 43.4+0.9a 40.8+2.1a 38.8+1.0a 36.6+0.7¢ 41.5+1.7a 40.5+0.8a 41.2+2.0a

TE - RISV thOR R NG TR R AL BENITE P<0.05 BI/RF T 2253 B3 . T Il

Note: Different letters in the same column indicate significant difference at P<0.05 level among treatments. The same below.
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Different lower cases in same group indicate significant difference at P<0.05 level among treatments. The same below

B 1 FEREEEXTEREEE HEK SRS B REMEYRENZIT

Figure 1 Effects of application rates of manure on dynamic and average concentration of NHi;=N after application of panicle fertilizer
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Figure 2 Effects of application rates of manure on dynamic and average concentration of NO3-N after application of panicle fertilizer
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55 Bt R 2 N AL PEAR Lb , 347t 26 AR 5 KRS B RS FF
PR R T A A BT i (3R 4) , 9 HAE N+0.25M
N+0.5M . N+0.75M F1 N+M 403 if 22 S5k 5] T g K
SE-(P<0.05) , Horp N+0.75M Kb 2 () K R A AT 7= F0kF
77 A B B K, M EE N Ab BE 4y SR B 36.2% Fi
46.4% . il 5 3 M0 it FH 22 0 38 0, K RS AR L BE SR
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AP 2 B ST e S BRI B a3, 7E SN0 ] Ak
I, FiR = IFE bR T N AL EE K R R o BERRAE
N+0.75M Ab BRIk 3 5 KAH, 8 N AR 353 1) b 5 4 vy
12.1% #116.1% (P<0.05) , ¥k = WAL K T N+0.25M &b
B, 220 N b i ek AR S B, KR R L 4y BEECRN
PRE T UA T [, E N+ 1.5M 1 N+2M kb BF A Be 2 i
T AL T AN MG Ol . 1 3 A A [ A 5 b 3
I T K FEAS A FOFERL I U, (H 5 R 4 BEECRN
R R AR, TR B A 2 TS it e ) 4 o A 21 4
15, 75 N+0.75M &b B p 24738 31 f KA, 8 N AL B339
R 5 48.5% F156.3% (P<0.05) , 24 3% It 448 i 12 £k
SEIETINE 0.75 f55 5 FH e i RS FERURFARL A O R0
U T B, DAl 25 R 3 W e 45 o DR 2R it FH 9 S At
b R AR AN TR R A K

HH 2% 5 AT AT, 3 it/ it ) 26 B W] DA B K A %t By
it B B F) FBE 77, #E N+0.25M \N+0.5M F1 N+0.75M
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—549—



M BEIR S FRBE 24T - 5 39 4 - 2 3 00

Table 4 Effects of application rates of manure on yield, agronomic character and nitrogen accumulation of rice

x4 HRBHEEX KB~ KEERTEZRKLENZ M

FERT T 5/ (g ) KPR b/ (g 4571 . it MR AT (g A7) PRI (g- 207) ARG L
pis: . o R IrBERL :
Treatment Straw yield/ Grain yield/ Shik ber Till ber Plant Straw N uptake/ Grain N uptake/ N harvest
reatmen (gepot™) (g+pot™) prie number Tt Umber y cight/em (g+pot™) (gepot™) index/%
CK 12.7+1.5e 12.1+0.8e 9.7+0.6d 14.0+1.7d  80.4+1.6d 0.08+0.01e 0.12+0.02e 61.3+4.0a
N 38.4+1.2d 37.1+1.0d 22.3+0.6b  27.3+0.6bc  94.0+0.7ab 0.33+0.01d 0.48+0.02d 59.1+0.7ab
N+0.25M 46.1+1.5¢ 46.3+1.3b 23.7+0.6ab  29.3x1.2ab  95.2+0.9a 0.36+0.01cd 0.56+0.05¢ 61.0+1.5a
N+0.5M 49.5+1.9b 47.2+2.5b 233+1.5ab  31.3x1.2a 94.7+1.9a 0.41+0.02b 0.67+0.03b 61.9+2.1a
N+0.75M 52.3+0.8a 54.3+2.2a 25.0+1.0a 31.7+0.6a  94.7+0.6a 0.49+0.02a 0.75+0.03a 60.6+0.3a
N+M 44.9+1.6¢ 38.1+1.2¢cd 21.7+1.2be  31.7+1.5a 93.3+1.9ab 0.37+0.03¢ 0.46+0.05d 55.2+2.3¢
N+1.5M 38.6+2.1d 40.1+1.8¢ 19.7+1.5¢ 26.0+£2.0c  88.4+1.9¢ 0.34+0.02cd 0.48+0.01d 58.2+1.5abe
N+2M 40.3+0.9d 37.8+1.3cd 19.7+1.5¢ 25.7+0.6¢c  91.5+1.8b 0.34+0.02cd 0.43+0.02d 55.6+0.2bc

LRI N AL FEAT et iy, - S A R AR A
JIT R B, 328 B A 38 A R AEORE 2 BT R A Dk
559, AL R NERVE g g . MEENE R ) 1 A5 5
SRS KRR R AR B R =R AN
A= r7 J3F B, T IR R AR R T N A3
Ui Il 2 MR NE B SOMTHI S8 1 KRR %= A
), RASBEZARXRMIRT ., Z45KEFE N+
0.75M &b P F & 2= RO B A, A R A %
(54.3%) EJETTHRZR (77.6% ) 1645 A PR b e g, + 358
REMAFRTAL(16.0%) , FIEA ERCREE N AL B
T 5.8% PRI, i 3G it 26 A A R T s KR Y
REF AR .
2.4 TIEIBLMER

BN ANERENS W2 4 v A HLB I 48
(P<0.05) , NIl 3a i Al DL H , 38 it 2 X 3847 AL
JOT e A 4 v SR B A, A LT 5 A Bt PR 2R
Fefit FUE— BN, A N AL FREE N T 15.8%~45.4%,
HZERYIRH T B EKF(P<0.05), HHELENL
R SH N CE 3b) |, 1 it 26 0 45 Bt R 2 E—

b RN R TR, H IS A A K, 1 R A
SRR, Yt Rk B 0.25 A5 247 I, K AR W3k
Ja FIEMRZ AT S A ENEA A T 8555
ool Ao 0 e A 25 TS ot D % 34 T ) e 2 038 34 1 e 34
(FE3¢),N+1.5M F N+2M 4bHH iy F 28 00 it FH e 4 Kk,
fif 3 P R R B A BB AL, AR R
N A B4R HI T 10.2% F116.7% , i N+0.25M 4b
e e S DUVEG T N AL B, A i 26 AT g b B 5
N AR BB S KOFAH S 55 B PR R A L, 3t AN ) o
F14) 288 JIES 15 AT 85 T - 48 rh AT OB 1) 5 o, AR it I 28
JIE Ak 388 P A 2850l % e i A S A P S 1 1 o 2 32 1
P(E3d) o FEAE X KA WK T B R A B B o
()5 M B AS B (A 3e HR o] LU Y ZEAN TR A
FENC i P A N A S AR AR AR T P N+
0.5M N+0.75M FlI N+2M Zb# 5 N b ¥l 22 53 (g 5, 4%
S S B4 BB 11.09%.19.3% F116.4%., 1K 3£ F
SR AL FER 38 NHi-N &4, 5 A WU 5
2 RURN - S0 A A RIS, I NHI-N & i 2%
JE (it P A S T IR A 6 06 3R, FE AT o vt b

5 HREHEENKBREFRIERE

Table 5 Effects of application rates of manure on nitrogen use indexes of rice

. ) inos - . - RARA 22 R0% RALw AP
e AR SR Tk A IR AR )
. o L. N agronomic efficiency/ Partial factor productivity of N/
Treatment N use efficiency/% N contribution rate/%  Soil N dependence rate/% o o
(kg-kg™) (kg-kg™)

N 51.2+#2.9a 67.2+0.9d 24.4+1.1a 20.8+0.8h 30.9+0.8a
N+0.25M 50.3+4.0a 73.8+0.7b 21.5+1.3b 23.7£0.9a 32.2+0.9a
N+0.5M 52.6x1.2a 74.2+1.4h 18.3+0.3¢ 20.9+1.5b 28.1+1.5b
N+0.75M 54.3+2.6a 77.6+0.9a 16.0+0.7d 22.0+1.2b 28.3+1.2b

N+M 29.1£3.2b 68.1+1.0cd 24.1£2.1a 12.0+0.6¢ 17.6+0.6¢

N+1.5M 23.6+0.6¢ 69.7+1.4c 24.1+0.5a 10.6+0.7¢ 15.2+0.7d

N+2M 18.2+1.2d 67.8+1.1cd 25.9+1.3a 8.2+0.4d 12.1£0.4e
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Figure 3 Effects of application rates of manure on some soil physicochemical properties after the harvest of rice
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