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Abstract; Aiming to analyze crop nitrogen uptake, nitrogen utilize efficiency, soil ammonia-oxidizing
mushroom and nitrogen concentration in surface water based on a fertilization field experiment to select an
environmentally friendly nitrogen application practice in the area along Yangtze River. Five treatments
were designed, including non fertilization ( CK), traditional fertilization ( NPK, 225 kg/hm’),
equivalent nitrogen (CRF1), reducing 15% nitrogen ( CRF2) , and reducing 25% nitrogen (CRF3) by
controlled release mixing fertilizer. Results showed that there was no significant difference in the rice
yield except for CRF2 among NPK, CRF1 and CRF2 treatments. Compared with NPK treatment, the
values of crop nitrogen uptake, nitrogen utilize efficiency and direct economic benefit under CRF2
treatment were increased by 7.4% , 10.7% , 43.4% and 27.2% , respectively. Ammonia-oxidizing
archaea ( AOA) accounted for between 73.5% and 88.4% was the dominate mushroom in the paddy
soil. Compared with NPK treatment, the ratios of AOA accounted for ammonia-oxidizing mushroom under
CRF1, CRF2 and CRF3 treatments were significantly (p < 0.05) increased by 13.6% , 9.9% and
6.0% , respectively. It was indicated that the intensity of soil ammonia-oxidizing process could be
reduced. Compared with NPK treatment, the concentrations of total, dissolved and particulate nitrogen in
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surface water under CRF2 treatment were significantly decreased by 13.2% , 10.6% and 33.7% ,
respectively. The corresponding values under CRF3 treatment were 24.9% , 22.9% and 40.6% ,

respectively. In conclusion, our findings indicated that controlled release mixing fertilizer application,

especially for reducing 15% nitrogen (190 kg/hm®), was a prefer nitrogen management practice for

maintaining rice yield, decreasing intensity of soil ammonia-oxidizing process, improving nitrogen

efficiency and reducing the risk of agricultural non-point nitrogen pollution. Therefore, the practice

should be recommended in the single cropping rice region down the Yangtze River.

Key words: single cropping rice; nitrogen utilize efficiency ; ammonia-oxidizing microorganism; nitrogen

in surface water; controlled release mixing fertilizer
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2 NXIEFN 30 m? (6 m x5 m) , R T 2020 4
6 H 20 HIt4H,10 H 9 HESH, HZERTART 2020 4
5 H23 HEEFEBL,6 A 20 HB A TR, 1705

FIRRHE 23 51 0.25 m A1 0. 18 m, B 4% % & h

22.2 Ji7¢/hm*, 10 H 9 HWHk, AR50 7 4 ir

A Ab PR R FE S 2 A R ST IR AR R — B, ARYE
1 hib g Rt AT 2T 165, NPK AR F AL K, S 8H
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Tab.1 Information of fertilizer application for all treatments

e . SRR/ LA A AL B A A AL
(kg-hm ) (kg-hm ) (kg-hm )
CK
NPK  EAME(HEA,18 N-18 P,05— 18 K,0) JRZ(GEI) 225 600 259 (4rBEALFIEEAL 43500 152 107, JREK)
CRF1 BERIBIRAE (28 N-9 P,0,-13 K,0) 225 810
CRF2 BERIBIRAE (28 N-9 P,0,-13 K,0) 191 690
CRF3 BRBIRM (28 N-9 P,05—-13 K,0) 169 600
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o BRI AR AR 0. 5 ¢ 143 Lysing
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DNA Ayl B2 B, IR BE R 1% 00 3h I W 6 e v,
VKA M 2 B DNA Y o8 R M, s E b I
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72°C,1 min, 35 WPEF) . 2 A A ( Ammonia-
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5min;95°C, 30 s) A1 amoA — 2R ( CCCCTCKGSAA
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AGCCTTCTT J¥ %1, 58°C, 30 s, 72°C, 1 min, 35 X
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W B o it A i b BOIE i 2B 7 ) (Partial
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DCRE A i S AU U (R
1.6 HiESH

JIFAT (05 45 SR Excel 2010 SHEATEUR 0125
REPRFNLEL, JH SPSS 19. 0 #ATSEITH40HT, 2 H LA
KN 2 25 59k (LSD) ke 4, 1 27K p <
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Tab.2 Effects of different fertilization treatments on biomass of grain and straw for rice

s AR TA T FERR (M 1 &653)
W/ (kgehm=2) B NPK $EINELH/ % A4/ (kg-hm =) 3 NPK $4inEeBil/ % A4/ (kg-hm=2) % NPK ¥4Itk %
CK 7.3¢ -32.4 6.1° 30.4 13. 4" -33.0
NPK 10. 8" 9.2% 20. 0*
CRF1 10.7° -0.9 9.6° 4.3 20.3* 1.5
CRF2 11.5° 7.4 9.2° 0 20.7° 3.5
CRF3 10.7° -0.9 9.4° 2.2 20.1° 0.5

T BN 3 AN EEAEIE, A R/NE TR B 22 53 B3 (p <0.05) , T,
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2 3 AT, AT it O AL BEORFRE RS R R R %
AEHEER T CK(p <0.05) , 1% 2 Wit 2 0 T2
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CRF3,CRF1 H1 CRF2 X} Ff A & W W35 A A ) 7
MI$EF, CRF1 Ab FRFSFF 0 A & 32 5 36. 0% , X #F
R R T S 520, CRF2 A BURR R RS AT 1 4
TR 12.2% F1 6. 9% , 3% i Wit JH #2 BR 4B 1R
B (AR A 15% ) REfE 4 m /K R /i [l 4k

AR, A TR R WS RR, R AN
WSR2 BEA 2 R 38 R R AR IR A
NEAR A= 77 13X 4 A Fa 45 AT LAAAS [7] £ B2 4 R 7K e it
RACWISCF I FREE . BB IR AL AL B4 A ) T
PEEK R A R A H R, o CRF2 B AR SCRL T
CRF1 1 CRF3 (% 4), 5 NPK 4 #AH It, CRF1 |
CRF2 Fil CRF3 4b¥ NRE 43 %42 5 20. 4% .43. 4%
Fl 24.8% , NAE 43 5l #8 7 - 2.6% , 41.3% A
29.3% ,NUP 43 | $2 5 9. 8% . 28.8% Fil 29.8% ,
NPFP 43 51l 4% %5 0. 6% 24. 6% F131.9% , H CRF1
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Tab.3 Effects of different fertilization treatments on nitrogen uptake of grain, straw and plant for rice

e FERL T TR (H - 3543)
WA/ (kg-hm =2) B NPK HEIMILH % WRE/ (kg-hm=2) B NPK HIMILHL % W R/ (kg-hm=2) % NPK BEINLLHL %
CK 71.6¢ -47.3 27.7¢ -50.5 99. 3¢ -48.3
NPK 135.9 56.1° 192. 0"
CRF1 134. 6" -1.0 76.2° 36.0 210. 9* 9.9
CRF2 152. 5% 12.2 59. 9" 6.9 212. 4° 10.7
CRF3 133.1" -2.1 52.9" -5.7 186. 0" -3.1
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BEIR 15% Ja 4w 1 LR 2 i A R E FR Y fig
71,4 T /K NRE \NAE NUP Fl NPFP, H U
P R E TR
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Tab.4 Effects of different fertilization treatments

on nitrogen utilize efficiency for rice

NRE/ NAE/ NUP/ NPFP/
Ab 7
% (kg-kg™") % (kg-kg™")
NPK 41.2°¢ 15.5" 85.3¢ 48.0°¢
CRF1 49. 6" 15.1" 93.7" 47.7°
CRF2 59. 1% 21.9% 109. 9* 59. 8"
CRF3 51. 4" 20. 0" 110.7¢ 63. 6"

2.3 EEBREENTESSAMEVERFEEN
=AU

AR A A A A R AR SR
PCR (975 005 38 AOA F1 AOB KA F R LA
M R E AL GE D AL BURRAE AN it A A 2 A+
5 AOA F1 AOB P = B2 an & 1 (B R AR /NG
BEFoR AL BRI 22 5 .25 (p <0.05) , R [R]) A&l 2 fi
No 5 CK A1 NPK A [t, B CRF1 4b 3, CRF2 F
CRF3 Kby B &5 AOA WILH £, 5 AOA
ANA], AOB o it 280 it 45 A 0%, R B/ SR 3R R
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Fb B T et 2 R B B R L R i —
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AR 13. 6% 9. 9% F1 6. 0% , 22 5+ 143k i 2 K F
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Fig. 1 Effects of different fertilization treatments on

gene abundances of AOA
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Fig.2  Effects of different fertilization treatments on

gene abundances of AOB

a

o b by

AOAL /%
2

CK ‘ NPK I CRF1 ‘ CRF2 I CRF3 I
pist
K3 ARl AE AL AOA 4 22 LAk B At 11 H 3]
Fig.3  Proportion of AOA accounted for ammonia-oxidizing

mushroom under different fertilization treatments
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Fig.4 Dynamics curve of total nitrogen concentration

in surface water under different fertilization treatments
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Fig.5 Dynamics curve of dissolved nitrogen concentration

in surface water under different fertilization treatments
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Fig. 6 Dynamics of particulate nitrogen concentration

in surface water under different fertilization treatments
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it R
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Tab.5 Proportion of dissolved nitrogen concentration accounted for total nitrogen in surface water %
o 1R ERPN ERIPN 24 K R
CK (27.0£0.1)" (26.7£0.7)° (46.0+10.8)° (51.2£14.9)° (37.7+6.6)°
NPK (95.8+0.9)° (87.8£1.5)° (63.0+4.1)" (46.4 £3.0)° (73.2£1.9)"
CRF1 (92.5+1.9)" (84.9£1.3)" (57.1+11.4)" (94.0£36.1)" (82.1+6.0)"
CRF2 (94.8 +1.4)° (74.9+13.3)" (97.0+24.5)" (82.9+3.6)" (87.4+10.7)°
CRF3 (97.1+1.8)" (74.7£0.9)" (83.4+16.8)" (87.9+42.0)" (85.8+£5.7)"
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Tab.6 Dynamic models of total nitrogen, dissolved nitrogen and particulate nitrogen concentration in surface water

e TN DTN PN
AT MR »p WEH AR B P MG FAE R B P

CK Y=6.54¢7%%50  0.9903 0.0097 Y=1.63¢" "%  0.9439 0.0490 Y=504e" """  0.9848 0.0152

NPK Y=68.18¢ %274  0.9917 0.0083 Y=68.09¢ %32 0.9982 0.0018 Y=2 14 %%06 00288 0.9712

CRF1 Y=74.73¢ %386 0.9950 0.0050 Y=72.13¢ %32  0.9981 0.0019 V=4.36e""% 0.8631 0.1369

CRF2 Y=71.02¢ %313 0.9972 0.0028 Y=70.66e %40 0.9962 0.0038 Y=3.22¢" "B 0.8321 0.1679

CRF3 Y=51.65¢"%385%  0.9979 0.0021 Y=52.97¢ %37  0.9975 0.0028 Y=1.99¢"%%*"  0.5267 0.4733
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Tab.7 Effects of different fertilization treatments on economic benefit

e IKFEFHE/ AL A/ NTA/ A 25/ % NPK 34/ 455 NPK 34
(JG-hm~?) (JG+hm~?) (JG-hm~?) (JG-hm~?) (JG+hm~2) A/ %
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CRFI1 23612.5 2187.0 1500.0 19925.5 2593.3 15.0
CRF2 25 405. 4 1859.0 1500.0 22 046. 4 4714.2 27.2
CRF3 23520. 8 1640.0 1500.0 20 380. 8 3048.6 17.6
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