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Rice quality and nitrogen use efficiency under long—term application of pig manure or biogas slurry

SUN Guofeng, WANG Xin, SHENG Jing', ZHANG Liping, WANG Zichen, ZHOU Wei

(Institute of Agricultural Resources and Environments, Jiangsu Academy of Agricultural Sciences, Key Laboratory for Crop and Animal
Integrated Farming, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: This study determined the long—term cumulative effects of equal-nitrogen manure replacement using a chemical fertilizer (CF)
on rice yield, rice quality, and nitrogen use efficiency (NUE ). Based on a long—term field experiment, two types of manure[pig manure (PM )
and biogas slurry (BS)] and two nitrogen replacement ratios (50% and 100%) were selected to study the rice yield, rice quality, and
nitrogen absorption and utilization in the eighth and ninth years. The results showed that there was no significant difference in the rice yield
among the equal—nitrogen PM, BS, and CF treatment. Compared with the CF treatment, the PM and BS treatments increased the head rice
rate and taste value of rice, which were helpful to improve the eating quality of rice, mainly because the protein content of rice was reduced.
The PM treatment reduced the chalky kernel rate and chalkiness degree of rice, which were beneficial to improve the appearance quality of
rice. The appearance quality of rice was unaffected by the BS treatment. The NUE of rice showed the rule of BS>CF>PM treatment, and
there were significant negative correlations between the NUE and nitrogen physiological efficiency, and NUE and rice gel consistency. The

average annual NUE of the BS treatment was 41.9%~44.0%, which exceeded the average annual NUE of the CF treatment(40.7% ), mainly
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due to the increase in the nitrogen content of rice straw. However, compared with the CF treatment, the NUE of the 50% BS, 100% BS, and

50% PM treatment were not significantly different, whereas the 100% PM treatment significantly reduced the NUE. Overall, under the

conditions of this experiment, the PM and BS treatments could improve the eating quality of rice. The 50% PM, 50% BS, and 100% BS

treatments had little effect on the rice yield and NUE, whereas the 100% PM could significantly reduce the NUE of rice.

Keywords : pig manure; biogas slurry; rice; grain yield; rice quality; nitrogen use efficiency
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Figure 1 Effects of long—term application of pig manure or biogas

slurry on rice yield

xR 1 KEEABEB R TE KRR

Table 1 Effects of long—term application of pig manure or biogas slurry on rice quality

A Qb B R ROKFE RRpRR LR EE JEEHHR B Gel EHETER & HETE
Year Treatment Brown rice/% Milled rice/% Head rice/% Chalky kernel/% Chalkiness/% consistency/mm  Amylase content/% Protein content/%
2018 CF 85.74#0.5a  76.60.5a  52.8+2.0a 3.3+1.3a 0.43+0.19ab  76.30.3a 9.83+0.12a 8.57+0.23a
50%BS  853+02a  76.0+0.la  57.4+1.5a 3.7+0.3a 0.60£0.06ab  76.7%0.7a 10.00+0.12a 8.01+0.21ab
100%BS  85.0+0.3a  75.8+0.2a  56.5+2.9a 5.3+1.2a 1.20+0.36a 77.340.7a 9.97+0.15a 7.92+0.21ab
50%PM  85.1+0.9a  75.7+l.la  55.2+1.6a 1.3+0.3a 0.17+0.03h 77.0+0.6a 10.00+0.06a 8.08+0.13ab
100%PM  84.6+0.1a  75.1+0.4a  50.3+1.8a 3.0+1.2a 0.43+0.18ab  75.7%0.3a 10.03£0.07a 7.48+0.06h
2019 CF 85.0£0.3a  75.2+0.2a  53.1x1.8a 5.0+2.1a 0.70+0.30a 78.0+1.2a 9.50+0.23a 8.60+0.16a
50%BS ~ 84.9+02a  74.8+0.7a  65.6+2.3a 3.3+1.2a 0.43+0.09a 79.3+0.7a 9.37+0.27a 7.56+0.30a
100%BS  84.5+0.3a  74.5+0.4a  61.7+4.4a 3.3+0.7a 0.27+0.03a 80.7+0.7a 9.07+0.12a 7.58+0.36a
50%PM  83.7+0.2a  74.2¢+0.8a  62.7+2.9a 5.0+1.5a 0.50+0.15a 77.3+1.9a 9.43+0.38a 7.75+0.46a
100%PM  84.1+0.5a  75.3+0.8a  60.9+4.la 3.740.7a 0.67+0.15a 77.3+0.7a 9.47+0.09a 7.85+0.43a
¥ CF 85.4 75.9 53.0 4.2 0.57 77.2 9.67 8.59
Average 50,3 85.1 75.4 61.5 3.5 0.52 78.0 9.69 7.79
100%BS 84.8 75.2 59.1 4.3 0.74 79.0 9.52 7.5
50%PM 84.4 74.9 59.0 3.2 0.34 772 9.72 7.92
100%PM 84.4 75.2 55.6 3.4 0.55 76.5 9.75 7.67

VE [ ANl NG S BER R ] — 45y AN [ Ab B ) 22 55 1 25 (P<0.05) o Il
Notes: Different lowercase letters in a column indicate significant differences among different treatments at P <0.05 level in the same year, respectively.
The same below.
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Figure 2 Effects of long—term application of pig manure or biogas

50%PM  100%PM

slurry on taste value of rice
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Figure 3 Effects of long—term application of pig manure or biogas

slurry on rice N harvest index
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Table 2 Effects of long—term application of pig manure or biogas slurry on rice nitrogen use efficiency

s 4 A S ES A LRI FH 2 A
kel N estonamy iieney SRR R N vl profctivi
Year  Treatment (kg-hm™) (kg-ke!) N use efficiency/% (kg-ke!) (kg
2018 CF 184.6+5.3h 17.4+1.2a 39.2+1.8b 44.5+4.0a 33.2+1.2a

50%BS 189.9+13.0ab 16.242.1a 40.9+4.3ab 39.946.1a 32.142.1a
100%BS 200.0+4.7a 17.6+0.6a 44.3+1.6a 39.842.2a 33.4+0.6a
50%PM 182.1+3.9b 17.5+2.2a 38.3+1.3b 45.5+4.4a 33.3+2.2a
100%PM 168.3+3.1¢ 17.2+3.3a 33.7+1.0¢ 51.246.5a 33.0+3.3a
2019 CF 190.2+2.9a 16.1+0.4a 42.2+1.0a 38.1+1.2b 33.5+0.4a
50%BS 192.2+6.0a 17.9+2.3a 42.9+2.0a 41.6+3.7h 35.4%23a
100%BS 194.3+3.2a 16.0+0.1a 43.6+1.1a 36.7+0.9b 33.4+0.1a
50%PM 182.7+5.9a 16.5+0.3a 39.7+2.0a 41.5+2.4h 33.9+0.3a
100%PM 147.9+5.8b 14.5+0.9a 28.1+1.9h 51.8+4.0a 32.0+0.9a
B CF 187.4 16.7 40.7 413 33.4
Average 5093 191.0 17.1 41.9 40.8 33.7
100%BS 197.1 16.8 44.0 38.2 33.4
50%PM 182.4 17.0 39.0 435 33.6
100%PM 158.1 15.9 30.9 51.5 325

T ANEA AT 2= G M DX 77 4k — ANBEAE DX 7= 45k ) /e 203k 5 R0 MRS R P 25 = Ot S DX = 98 20 W 2Rk — AN NS DXt b 3 R0k ) /it 2 x
100% ; FEAE PR = RN DX 7 ik — AN D7 45k )/ NS DXty B 28U — AN X b b 3R ) 5 RN A 7™ 7 =Bt S DX 7= bt U

Note: Nitrogen agronomy efficiency=[grain yield in the fertilizer plot (Yy)—grain yield in the no—fertilizer plot (¥s)]/amount of N fertilizer applied (Fy).
Nitrogen use efficiency=[total aboveground plant N accumulation in the fertilizer plot ( Tx) —total aboveground plant N accumulation in the no—fertilizer plot
(To)/Fx. Nitrogen physiological efficiency=(Yx—Yy)/(Tx=T)). Nitrogen partial factor productivity=Yy / Fx.

F3 KBETE EEBVRKRMRARLBENARHNHEXES T

Table 3 Correlation analysis of rice yield , main rice quality and nitrogen use efficiency

B . ‘ CE EREEM AR EORAR fORG AURRE R AR
o KEE I Rk JEHAE EERER A i i BRI AR FFIR A : ,}ﬂﬁUIFJ
- . Gel Amylase Protein Taste N agronomy R N use
Index Rice yield Head rice . . -
consistency content content value efficiency efficiency
PO K Head rice 0.488
JEHHEE Gel consistency 0.572 0.630
HHEFEN & i Amylase content -0.377 -0.271 -0.912%*
T 15 7% 2 Protein content 0.243 -0.685 -0.212 -0.001
L WRAE Taste value -0.399 0.167 -0.624 0.813 -0.568
FHEAL2EF AN agronomy efficiency — 1.000%* 0.488 0.572 -0.377 0.243 -0.399
AR % N use efficiency 0.831 0.428 0.881°% -0.819 0.210 -0.768 0.831
RUAEAE PR FH2 N physiological efficiency — —0.825 -0.419 —0.882%* 0.826 -0.213 0.775 -0.825 —-1.000%*
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AR BAET, I HLTR W 53 Uit FH K A 7 o
F— Mt Y (A OFEdE H, SE AR TR R AL B
SRR T KR =, 5 T R Z AR AR fR) 3
B Sk 2 R KA O

RIEF R ERIER A HEES . Ew
A LB ERACAL AR B 05 72 2 /K A5 IR A A =0, 1 45 4
VA S IR Y KRR EOIE R R A R AN —
FB ARG LSRRI, 50% 3 3 100% 3 2 ik
P AU ISR FH 232 2 AR A e 34, 76 28.1% ~
39.7% , Horh 1009 5 2 40 31 7K R N8 W2 W) FH 2K i
LT ALNEALEE (P<0.05) , X 5 A HUIE & et L
JIES sk 2 7K RS 3 BE AV 2R 2% WROUCR) F g 0 A Y,
T3 A1, 50% TR B HT 100% T8 Ak 7K e 0 Wz e A1
AL B I a S HE R AR, X 5
LI SO A R — B, o b 35 R T W Ak B
BT R AT R, YR T 6.64%~9.51%., H4k
JIEES B 5E tds | it VA R RE 678 S5CHE s K R
RS E REHKFEAR B, WAEEAN, FA
it it FH VA TR 2 B AR K R L 38 MR AR 200 T g 5
TR R A IR e VR 4 % 204 W R R A S, i
A AR5 K B it FF 7 Y Ak BB e SR RE R ISR %y
40.9%~44.3% , .3 = T O A B 1 13%~35%" "1,
XAl g R SRR KRR A RN ER A L, A
BTN ZENEAE T 2R 8~9 a 1Y BRI , A1 7 4k 2 W
W Z2 A48 2SR BGA F A IARION , S A A P ik
FIRRE B

4 it

(DFEREEIEIE RO LB R TR R
AR BT RAEL , A7 B T s A R £ R it o, 32 2 [
JERR T ROKRE A BTSRRI IE A
TRIARRE AR LB A A T CE ORI A 5 5
TR AU HE XS R RSPt B SE I 5]

(2) 7K e G HE IR A1) P 3 2 B B 25 o T >
PO RE > 26 b PR RLAE , 55 7KORS ZUIE A AT %
REOR B JEE 8 2 A5G . FErp TR IR AR IE AR PR o
TORAERNEI AR FH 25, A B DR 1 A e 5
i (HAERT SRR K R
PEN I ES AL NN TR o e R =Y e Ve
5 B AR KA AL IR ORI FH %
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