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Abstract: [Objective] Excessive application of inorganic nitrogen fertilizer could result in severe
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environmental problems whereas appropriate reduction of nitrogen fertilizer combined with organic fertilizer
can avoid the decrease of yield, hence an important way to support the sustainable cultivation of rice-wheat
rotation system. [Method] This study, using conventional nitrogen application rate as the standard
(180 kg hm™ for wheat and 210 kg- hm™ for rice) and with the controlled-release urea as the nitrogen fertilizer,
is aimed to clarify the effects of nitrogen reduction combined with organic fertilizer on crop yield, plant nitrogen
and soil nutrient content in a rice-wheat rotation system. This field experiment consisted of four treatments: no
nitrogen application (ck), conventional nitrogen application (N100), 15% reduction of nitrogen combined with
organic fertilizer (MN85), and 30% reduction of nitrogen combined with organic fertilizer (MN70).
[Result] Contribution of nitrogen fertilizer to yield increase was 46.0% (wheat 66.2%, rice 25.8%) and
nitrogen fertilization significantly increased crop yield (P<<0.05), especially in the treatment of 15% nitrogen
reduction combined with organic fertilizer. Compared with N100, MN8S5 treatment significantly increased the
effective panicle number of rice by 16.8% while compared with MN70, the nitrogen content in wheat grains in
N100 and MNSS treatments increased by 8.7% and 9.0% (P<<0.05), and the nitrogen content in straw increased
by 16.6% and 16.0%, respectively (P<<0.05). Compared with N100 and MN70, the MNS85 treatment exhibited a
23.5% and 19.9% increase in nitrogen content of rice grains, and a 25.5% and 26.6% increase in nitrogen
content of straw, respectively (P<<0.05). Nitrogen fertilizer application resulted in the accumulation of nitrogen
in soil, especially in the treatments of reducing nitrogen combined with organic fertilizer, which had more
nitrogen surplus. Compared with N100, the N apparent utilization rate (RE), N agronomic efficiency (AE), and
N partial production rate (PFP) of wheat decreased by 61.7%, 57.6%, and 59.5% under MNS8S5 treatment,
respectively, and decreased by 152.8%, 122.9%, and 90.3% under MN70 treatment, respectively. During the
rice planting season, the nitrogen reduction combined with organic fertilizer treatments showed a 27.0% to
33.2% increase (P<<0.05) in N physiological efficiency (PE), while the AE of the MN8S5 treatment increased by
33.3% comparing to the N100 treatment. Compared with N100, the nitrogen reduction combined with organic
fertilizer increased soil organic matter and total nitrogen content by 12.23%—13.96% and 10.5%—13.0%,
respectively (P<<0.05) whereas microbial biomass nitrogen and nitrate nitrogen increased by 37.9%—42.7% and
72.5%—-107.9%, respectively (P<< 0.05). The soil available potassium and available phosphorus in MN85
treatment also increased by 45.9% and 152.5% (P<<0.05), while water-soluble nitrogen increased by 68.9%
(P<<0.05). [Conclusion] A 15% reduction of controlled-release urea combined with organic fertilizer can
increase soil nutrient content, promote crop nitrogen absorption, thereby improving crop yield and nitrogen
fertilizer utilization efficiency. This approach can serve as an effective measure to reduce nitrogen fertilizer
usage while increasing its efficiency. [Ch, 1 fig. 6 tab. 40 ref.]
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1.1 HREXEER

WL 5 24T T VR AT (30°26°077N, 120°24'23"E) 4b T#idbEJRIX , IR 3~4 m; <
6 Ry A6 A 2 KA, AR 16~17 €, =10 C BFLR R 4 800~5 200 °C, 4FFE7KE R 1 500~
1600 mm, JCFEHAH 240~250 d, 4F HIRAFECH 1900~2 000 h, 4FEAKBHAESHE Hy 100~115 J-cm 2, +3)E
TR KB EFRUKRE LR EA M L8 . g e HAREMR], HPHZE 58 (0~20 cm) S4B AL
AR: AHE0.898g-em™, pH7.17. APUFL35.00g kg ' 2%A 1.87g kg ', 2#50.82¢g-kg'. 2 14.70g-kg .
PASA 5.0l mg-kg ' FHASA 2.12 mgrkg ' AR 14.10 mg- kg ' FIHALH 94.40 mg-kg .
1.2 Rt

RIS E 4 b EE . OXTE (ck), AMEEIE; @8 MiER (N100), HHbf i I B &, /&2
A (N). B (P,05). A (K,0) AEH &4~ 180.0, 34.5 1 90.0 kg-hm 2, /KA Z43 %4 210.0. 40.5 I
90.0 kg-hm?; @ J& ML & AE Wi 15% FF B itE A HLAE (MN8S); @ Jt AL &AL ik it 30% I B Jiti A AL HE
(MN70). FAABREE 3, 12 4/MX, BA/NXHAR 30 m? (5 mx6 m), BFEVLIXZHES] . 2540 FE
FH e [ (o P S0k v Rty FE S A e, (e, i P e, U XA R i AR A T, IR T
FRREVEYMEASTIE , oA ) A5 R it — 3

RIEHZERIRE (N FTit 050k 44%, IWRZ 25 L EHROE B A BRA ], RO 60 d), BEIE A
BERRAS (P,Os i3 B0 12%), HRAEHAALER (K0 B 434l 60%). 22 W6 2= 1A HLAE e FH & AR )
D224 Ml H ) A HLAE 5t FH K, 99 7 500 kgehm ™2, A LR LSS 2 Ok L R Y BURL A HLAE
pH 7.60, HFE4r B850 R . N 1.88% . P,052.07%. K,0 1.58% Fiffk (C) 32.3%. &AbFAHLICHL
TR 1. Fra RV R SRR A /N 6 P sl K RE R AR i b B — U MG

FET ] A5 B4 Y Ml AR I M 0E AT, /N T 2021 4F 11 A 1 HiE&AP, 2022455 A 19 Hilgk, ik
INEE PR CWifE 1457 ‘Zhehua No.1” , #EFNEA 187.5 kg-hm*; /KA T 2022 4 6 J1 15 HIEME
W, 776 H#fFAT AT, 10 H 27 HYGK, MUK GFChY 55K 1347 ‘Xiushui 1347, FAE%
H 15x10* B+ hm %,
1.3 H@mX&ESNE
FHNTUGR, VEY ™ IR TREA/NX /N2 ISR 9 (] B SR S BRORERE Y (0.5 m®) 19 A A i A
o IKFEUSCHR B[R] B SR A A AR MBI RR AR 5 10 70, AEAREE S BRIEBGH 4B H T E N RSN, HAkE
ST kLS RRE, TR EE T
KAREWRSE , R EAR 3.5 em BRI LA REFZ (0~20 cm) HIERESL, BAN/NXHE “HMpEm”
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Table 1 Amount of pure nutrient input in fertilization treatments

REBAR/ (kg hm™) BRI A/ (kg hm™) PR A /(kg- hm™)

WH o gb
EHL Tl At HHL TohlL At HHL oL At
ck 0 0 0 0 34.50 34.50 0 90.00 90.00
N100 0 180.00 180.00 0 34.50 34.50 0 90.00 90.00
I MN85 141.00 153.00 294.00 155.25 34.50 189.75 118.50 90.00 208.50
MN70 141.00 126.00 267.00 155.25 34.50 189.75 118.50 90.00 208.50
ck 0 0 0 0 40.50 40.50 0 90.00 90.00
_ N100 0 210.00 210.00 0 40.50 40.50 0 90.00 90.00
K MNS5 141.00 178.50 319.50 155.25 40.50 195.75 118.50 90.00 208.50
MN70 141.00 147.00 288.00 155.25 40.50 195.75 118.50 90.00 208.50
ck 0 0 0 0 75.00 75.00 0 180.00 180.00
i N100 0 390.00 390.00 0 75.00 75.00 0 180.00 180.00
MN85 282.00 331.50 613.50 310.50 75.00 385.50 237.00 180.00 417.00
MN70 282.00 273.00 555.00 310.50 75.00 385.50 237.00 180.00 417.00

SRAE S, RS, B 2 6y, — 3t 2.000 mm S, PR RIEMUZEW AR A . KIETEA.
S EAESRMNE ;. H—EZENRA, 435l 2.000 F10.149 mm i 5 T 456357535047
1.4 F5HRNZE

R e ) ) RV A=A o0 M i, AR ECR IR T, pH R HATE (/K B A L
H}1.0:2.5), AHUFR B BRI SMNEGEIE , 50 A B S AL R 2 90ROt
FETPRIEHEA BT L i 2, SR T & BRI 5 R T JOIE DG BE TN A2, A S0 SR Tk P S 92 2 -4
BEPLUHL AR, WA ECR R S MO RN e, S RUCR B ik e kil e, oK
AR A R E AT R A B R R A BB 2R - R S, B BL (TOC) s Hr Sl
S, AR A U I B T R A

Z I8 QIAO M [y i AR AU . ZUIE BRI R (%) . FUEA2ERCR (kg kg ). ZUEIRA:
PR (kgekg ). AR NTRR (ke kg ") IR E A BIBCR (kg-kg ") TEPIIIRTE B=Fp KL 7= 42 /O hE 7=
RS FF P )< 1005 VR b M SR =CRPARE = f o 0T it 4 850+ RS FT 7 B s AT U5 B 43-450/1 0005
RN R WA Z=(Un—Up)/Fnx100; BNER FRBOR=(YYo)/Fn; RER N EHRCE=Y/Uy; BIC A
R=Yn/Fn; BREEFR=(YY)(Un—Up)o Hip: Uy fEEENEAH R EYh B R Uy T AR
NEACEREFEY b IR s Py FEME AR ; Yy TR BV EY =55 Y, 35 N EIEAL E Y P i
1.5 HELEBESSH

fifi F Excel 22 HUE 4, SPSS 22.0 X4 1751t 0 b1 . R BN EK 7 225011 (one-way ANOVA) i
IO 25 Ab B A] Y 2 5 PR T = A 2515 (Duncan) 4341, [RIRSHE ] Origin 2019 £ 4],

2 HREARH

2.1 MR EREMEEE

AN AN AL PR AR R AR R VR =R 7 945 kg-hm > (/N2Z 1439 kg-hm 2. 7KAF 6 506 kg hm (K] 1),
BRI AL FE (N100) 7Y 54% (/N2 FIUK AR 35105 33.8% Fl 74.2%), X i IHAEATRES 218 F Al AUIE 1 7=
TIHK R R 46% (/NFZ 66.2% . IKFE 25.8%). 5 ck #IEL, Jiti FHANEAL B /N KRG = w o Bl T
176.4% F1 50.5% (P<<0.05). JCIEJ&/NEZ IR E/KFE, MNSS AbBR I P= i fe . R it AL B R] /N A P
ZS5 AR, (A5 N100 AL, MN8S5 AbFH /K FE ™ i85 T 26.8% (P<<0.05). X Ut IFEAMIF 5144 T
MNS5 AR REHE m AR i, R P O AT

TE/NEREZ, YEYORAEECC R #2257 (R 2); TKRERAEZ, ok A BA K FSOR A BuR =, h
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53.20%, Lt MN70 b3 T 5.02% (P<0.05); 5
N100 AL, I8 ECiEA LI AL BE 3R R B0 3%
FZ5 . TR R/NEIBIEKFE, ok AbFH A B i
i, 205 245 219 F1 134 J54~-hm ™2, MNS85 4b ()
A SO T N100 A1 MN70, JEH R 7EKFEZE,
It N100, MNB85 4k #{fi A5 % 848 & T 16.8% (P<
0.05)c 53 ZUHEAR LA ARL, ok AbFH 1) kL 2 AN
TR B B I o /K e T R R K07 it A Ak 2 )
T EXER.
22 M FERRESBNERRE

it U 2 1A Hh U S A3 B R RS )
(#3)o 5 ckAHLL, il AL A KRR KPR FFRS FF A
R B SR T 11.3%~15.3% F1 46.3%~73.3%
(P<<0.05). 5 N100 Fll MN85 AbBAH L, MN70 &b
SRR T /N AR AAS FF /U 700 (P<<0.05).

®2 BAREEGVEEMERERNRIN

Table 2 Effect of nitrogen reduction combined with organic fertilizer

on crop composition

R ST 2 T T
ck 48.06+2.61a 219+70b  41.3542.35b 22+6b
- NI100 50.35+0.77a 306£90a  45.09+0.93a 38+3a
I MNS85 50.09+£2.50 a 325+107a 45.48+2.28a 41+8a
MN70 48.90+1.64a 281+43a 4542+0.41a 40tlla
ck 53.20+£2.52a 13443 ¢ 20.80+£0.42 a 20728 a
K N100 49.32+0.26 ab 196+27b  20.95+0.56 a 233+5a
=]

MNS5 50.07+0.76 ab 2294362 21.03+0.78 a 23043 a
MN7048.18+1.12b 213+25ab 21.65+0.60a 21321 a
ULIH . BB R EEbRE2 . RIE/NG FHEFOR IR —48
bR R VR #E AN ) Aok B ) 22 57 4 25 (P <<0.05)

R R NEBOREAT HLAL XS R A2 Fe VR 1R R VR 2R M 387 73 1 S 5
20000 —

22 N100 a
~ 16000 - MN85 b
P &R MN70 i%
2 b
=
2 12,000 -
2
ﬂmﬁ 8000 - f
e
ur
= 4000+

0

Jel

ck. AHEZUIEALIE: N100. # R AL MN75. J8
15% Bt A HLIEALEE; MNT0. IR 30% Bt A HLAL AL EE .
AN B R B — 0 H AR Ab FR ) 22 53 3% (P<<0.05).
A1 B REEA PN FT4 = Z 0 a
Figure 1 Effect of nitrogen reduction combined with organic fertilizer

on crop yields
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Table 3 Effect of nitrogen reduction combined with organic fertilizer

on crop nitrogen content and uptake

RIFRMU(g ke ") WU (kg hm ?)

FAL FEFF KL FEFF
ck  16.54£056b 243£0.11b 23.84%3.09b  3.81x0.78 b
NI100 1842+1.67a 2.89+029a 78.93+16.10a 12.29:2.85a
MN85 1847+2.11a 2.88£0.38a 80.23+22.90a 12.85:5.60a
MN70 16.94£0.80 b 2.48+0.11b 56.54+1530ab 8.63+2.44 ab

(R

ck 9.97+0.46 b 3.89+0.61 b
K N100 11.49+1.07a 6.52+1.27a 101.58422.90b 59.17+16.60 b
IKHE

MNB85 11.27+0.25a 6.74+0.25a 125.47+25.20a 74.27+9.84 a

MN70 11.06+0.26 a 5.69£0.74a 104.74£7.83b  58.68+14.80 b

64.77£6.87¢c  22.20£3.89 ¢

Ui BUE R AR . RRVNG R R IR — 46
[ PEIEAS R ab B 6] 22 57 B (P <<0.05).

SR AR SRS EALL, MERIESESE T EDX AR R (% 3). fE/NEZE, RN T AT
BAFE AT E 0 ok 4275 T 11.3%~15.3% 1 46.3%~73.3% (P<<0.05); 5 N100 AbFEAHLL, V80 B it

A HUAE AR S P ARSI SR
5 1 19.9%~93.7% H1 25.5%~234.7% (P<<0.05).

WHEZER . TEKAETE, MN8S5 Lh B AP ARSI U L A AL 2R

A, NEWR Y 86.4% R ANKFE ML) 66.1% R AL fE A AEFFRL A, RS AT FH H AERE 13.6% Fil

33.9% WA R EHIHBE] H3EP (% 3),
23 FAERMNEHNRZ=F AR

M F an] UL Rt AL BE A 4 R AR R R T B 114.63 kgrhm (/) F 27.66 kg-hm?, K 2
86.97 kg-hm™?), /KAEFME SRR HIERE S HE ™ E ., MARARSEMAEZ T, EEHMES, tH
TEREEA HLIE A MN8S A1 MN70 A b JEAFE R R B 4y i FE PRt JTEALAE A9 (138.04 kg hm ™) 433l i T

182.64 F11188.36 kg hm 2,

INETEFTA A ER T, N100 A3 T AR A2 | BACAR AR RN AL = 2 e . Bt A
BILAE f Ak 2 18] 260 38 A B8R R N TR A B AR . it AU B R /N AR NI ROCE N 47.27~
51.24 kg-kg ™', “F¥J°h 48.58 kg kg™, h BH A it UM A5 440 T B4R 7 100.00 kg /NEEAFRL, T EEIRICR
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2.06 kg, it &AL BE A EC R A 77 Rl 12.40~23.64 kg-kg !, FHIH 16.96 kg kg, 5 N100 4bFAH L
MNS85 Hl MN70 b3 1) AR A= 7= 8 BIFEAR T 59.5% F11 90.3% (P<<0.05).

IKFETE I A AL B e, MINBS Ak B AL R WA T 3K 35.3%, [ MNT0 2 BREE & T 33.2% (P<
0.05). 5 N100 #f Eb, MN85 A1 MN70 4b Hf 1Y %0 2 A= BLACR 00l 3 &5 T 33.2% #1 30.2% (P<0.05). 7F
3T AL FE A, MN8S Kb B () ANE A 2 8808 By, 430 b N100 A1 MN70 2342 55 T 33.3% F1 39.8%
(P<<0.05). ck AbFAIKFEA = N FRECR R, i A4 R 0 42 5 T 32.8% (28.7%~35.0%). Jiti A AL HE
[ K FE R R N EBROE N 55.51~58.20 kg-kg ', UBHAEE LS54 T 4427 100.00 kg ¥FRL, 75 22K RE R UK
R 1.83 kg [FIFE, it UL 38 H) RUIE Pt 26 7= R A A W 2 25 5%

JAERAE R RNERE T, N100 b FE A9 ZUIE A 2 . RIS A 26 7 28431 [ MIN8S Al MN70 4b 3
PR T 21.4%. 32.5% 1 71.7%. 44.6% (P<<0.05). 5 N100 Zb¥AH L, ok 2B A HLAE Ab 3 1 000 A
RORPE T T 11.1%~12.1%, MN70 4b 3 A &R 22 R A, J3 %1 He N100 F1 MN85 4b 3 B AR T
32.9% F1 28.9% (P<<0.05). 5 ck ZbPRAH EL, il 0 Ak BRAE PO A BCRFEAR T 19.29%~24.2% (P<<0.05),
A TRl it U4 PR ) A 3 22 5

®4 BREEEVENERRUFENF AR
Table 4 Effect of nitrogen reduction combined with organic fertilizer on nitrogen apparent balance and use efficiency

ity ABA, BARERFIWPM RICRMWA RER AR RIDR AR BRI R/

SIS S | Y s 5 " . . . L
(kghm™)  (kgrhm™)  (kg-hm™) /% (kg kg™ (kg-kg™) (kg-kg™) (kg-kg™)
ck 27.66 0 -27.66 - - - 52224247 a -
N100 91.21 180.00 88.79 3531£1040a 45.54+635a 15.64+7.64a 47.27+459a 23.64+7.64a
I MNS5 93.07 294.00 200.93 222549.67b 4533+7.88a 9.95+4.39b 472445302 14.84+439b
MN70 65.17 267.00 201.83 14.0546.82b  51.44+£522a 7.0243.03b  51.2442.42a 12.4043.03b
ck 86.97 0 -86.97 - - - 74.90+6.72 a -
. NI00 160.75 210.00 4925 35.14x18.11a 29.75£7.07b 10.784623b 55.51£6.64b 41.76+6.23 a
A MN85 199.74 319.50 119.76 3530£10.86a 39.70+5.90a 14.4446.63a 55.56£0.89b 34.80+6.63 a
MN70 163.42 288.00 124.58 26.55+7.57b 38.82#3.35a 10.34#£3.17b 58.22+251b 32.93+3.17a
ck 114.63 0 -114.62 - - - 69.27+4.60 a -
e N100 251.96 390.00 138.04 35.22+14.54a 37.91+456b 13.0244.62a 52.50£5.69b 33.39+4.62a
MNS5 292.82 613.50 320.68 29.05£7.43b  42.05+1.59a 1229435la 52.97+1.10b 2523+3.51b
MN70 228.60 555.00 326.40 20.54+1.00b 42.54£191a 8.74+0.69b  55.97+0.88b 23.05+0.69 b

LEY . BE T EEbRERE . —FORTCER . ARG B3R R e bR A A1 55 E 7R [R] b A 22 53 1B 35 (P<<0.05)
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M SATIL: +HE pH N 7.14~7.16, F32% 7.14, ¥orhdk, WFRATEE 5. AN A LT
Ab PRI e F A AR /NS, (HAD R R 25 52N 2 . MINSS Ah B (7 S5 AN R0 o i o B e e T
HAth 3 b FE (P<0.05), Wi HAMANBREEA BE 25 5 N100 M, FEoiA PR -5 PLE 2%
Frim A E e (P<<0.05).
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Table 5 Effect of nitrogen reduction combined with organic fertilizer on soil physical and chemical properties

e oH EEQ ﬂsxﬁz%ﬁ?/l H xﬁlﬁ?éi A HU;?/ %ﬁi
(grcm™) (mg-kg™) (mg-kg™) (g-kg™) (g'kg™)
ck 7.16£0.08 a 0.859:£0.064 a 65.96+1.44 b 8.35£1.93 b 34.0140.56 b 1.90+0.07 b
N100 7.1440.16 a 0.857+0.034 a 64.40+6.84 b 7.96+2.60 b 35.01£1.67 b 2.02+0.02 b
MNS85 7.1440.08 a 0.8510.024 a 93.94+19.46 a 20.06+9.54 a 39.29+1.99 a 2.29+0.13 a
MN70 7.15+0.07 a 0.844=0.040 a 76.81£10.99 b 12.39+2.74 b 39.89+2.54 a 2.23+0.13 a

YA BUEON-FIER R . AR ING TRER R AR AR B E] 25 5 B 2% (P<<0.05),
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% E /fL . 7]({43‘[‘&% N %ﬂz&ﬁ%ﬂ ﬁﬁ?&ﬁ Lﬁ‘ Eﬁ}“ﬁ[ , jl: Table 6 Effect of nitrogen reduction combined with organic fertilizer
R A U Dol B ity BILIES Py A B PP S R B . ‘,’;z;:j;;;““mgej‘:‘ m E e
REY YR KRR ZEEN HER
4 o =251 VR b
i, MNBS AbSRAG T SEHUE R KR e fmeke’) et

RS A AT & o B i, 43 0 N10O AR FRER & "ok 9.985327b  6.5720.67¢  4.9940.61 a 1.992029 ¢
T 42.7%. 68.7% 1 107.4% (P<0.05) HAF, 5 N100 1026:1.18b  7.4143.06be 5.09+133a 3.09+1.13 b
N100 AL, MN70 AbBRAYG 3B YA Y A FAE - MN8S 14742413 a  12.512453a  6.24x0.77a 6.41+2.08a
SRFESBOIRET 37.9% 1 72.2% (P<<0.05). MN70 14.17+4.56a 10.76+4.35ab 5.37+1.29a 5.3243.22a
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