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Nitrogen Use Efficiency of Crops and Available Nutrient Balance in Soil as
Affected by Different Fertilization Modes with a Rice-wheat Rotation
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Abstract: Soil fertility and nutrient use efficiency are the basis for sustainable food production. A field experi-
ment was conducted to investigate the effects of different fertilization modes on nitrogen use efficiency of
crops and available nutrient balance in soil with a rice-wheat rotation. The results showed that the rice shoot
biomass of RF—OM and RF—S treatments with the reduced total nutrient inputs were significantly higher
than that of LRF treatment (P<C0.05), similar to that of FP treatment. The differences of wheat straw bio-
mass among the four fertilization treatments were not significant, the wheat grain biomass and shoot biomass
of RF—OM and RF—S treatments were similar to that of LRF treatment. At rice harvesting stage, the ni-
trogen contents in the main shoot organs of RF—OM treatment was similar to those of LRF treatment, but
the total nitrogen amount accumulated in shoots was significantly higher than that of LRF (P <C0.05). For
wheat plants, the nitrogen contents and accumulation amounts in straws or grains of RE—OM and RF—S

treatments were not significantly different from LRF treatment. At rice or wheat harvesting stage, the phos-
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phorus contents and accumulation amounts in brown rice, rice husks, wheat straws and grains of RF—OM
and RF—S treatments were not significantly different from FP and LRF treatments. As a result of increasing
potassium doses, potassium contents and accumulation amounts in rice straws, rice husks and wheat straws
were significantly higher than those of FP or LRF treatments (P<C0.05). Nitrogen agronomic efficiency, ni-
trogen apparent recovery and nitrogen partial factor productivity of RE—OM and RF—S treatments for rice
or wheat were significantly higher than those of FP or LRF treatment (P<(0.05), the nitrogen grain produc-
tion efficiency was also higher than that of FP or LRF treatment, even significantly (P <C0.05). At rice or
wheat harvesting stage, soil exchangeable and slow-release potassium concentrations of RFE—OM and RF—S
treatments with raising potassium dosages were significantly higher than those of FP and LRF treatments.
Soil alkali-hydrolyzed nitrogen concentrations at rice harvesting stage and soil available phosphorus concen-
trations at wheat harvesting stage of RF— OM and RF—S treatments were not significantly different from
LRF treatment. After a whole rice-wheat rotation, concentrations of soil available nutrients (alkali-hydro-
lyzed nitrogen, available phosphorus, exchangeable potassium, slow-release potassium) of the four fertiliza-
tion treatments were all higher than those of the initial soil. Organic manure used as an alternative for chemi-
cal fertilizers is able to significantly increasing crop nitrogen use efficiency, being conducive to the balance of
soil available nutrients and significant increases in the concentrations of soil exchangeable potassium and
slow-release potassium, which can be regarded as a suitable technique for reducing application of chemical
fertilizers, stabling grain yields and increasing fertilization efficiency in rice and wheat cropping.

Keywords: rice (Oryza sativa 1.); wheat (Triticum aestivum 1..); organic manure; chemical fertilizers;

partial replacement; nitrogen use efficiency; soil available nutrient
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RPN 4.12~5.88 g/kg, BEK S A Ry 2.40 ~
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5 FP AbFAH S, RF—S AbFiHb | ¥ 2= 1 &

5 LRF A HEAHZE R K,
MF 5 BAE T, 5 FP Ml LRF & 3AH [, RF—

OM 1 RE—S b FH /N b |34 R &2 B K
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MY RF—S AR S#HES LRF #2272
K., RE—OM Fl RF—S AbFEFSFF b s 22 FL 2L

5FPM LRF 4B EFARE BB HEST CK 4
F(P<C0.05),HH RF—OM Ab i F3ms = &

i

J
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I 18]
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FP 4b 4
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e
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e ()

W I I I -3 I O < VI N i 7 L
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%

7
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HE 22 00 [ WA R 558
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H
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AT b B /N FE AR A 7= J1 ok 30.49~40.02 kg/kg,
RF—OM 5 RF—S At ESF AR E (A F 8 E
BT LRF 1 FP A (P <C0.05), LRF 4k B /K A5 /)
AN A= ¥ 83w T FP AR (P <<0.05),
2.3.4 RAMEAFHE HE LA A E AL AL
KRR R R R A P23 Ry 45.00~51.40 kg/kg, H
5 AR Ak 2K R 28 2R R AR 7 R R i IR T CK Ak 3
(P<<0.05) ,RF—OM 4b B 5 RF—S,LRF il FP 4b B 2%
FARFE RF—S A H 5 LRF 4B G i % 22 FH — %
¥ E T FP ALFR (P <C0.05), A[A]Ab BN A R &K
KA PR R KNI T ) CK=>RF — S>>RF — OM >
LRF>FP, H:rft RF—S kb B/ 32 50 5 i AR 77 3R
HRF—OM 4b# T 25 HEE ST LRF M
FP b #1 (P <C0.05) , RF—OM kb3 5 LRF kb3 2% H
A, ZHEM R ES T FP AR (P <<0.05),

24 KBHMNZWURBPLEEURESEE

2.4.1 KABMEBMEERZ S5 E4FE NE6 AU
A0 i AT fil S 2 R i KR AR - M A R A AL
Wl R RO N 2 O & AL B (LRF \RF— OM

A RE—S 48D HIEmA S HES AR E B F
& F FP 4L ¥ (P<C0.05), RF—OM Hil RF—S Ab#
THEAEYH TR EFARE HYEEMLT FP M
LRF 43 (P <C0.05) , 14 #f4b ¥ (RF— OM #1 RF —
SAbFD F G TR R E LR, BES T FP M
LRF AbB (P <<0.05), 5 FP 4b FHAH H , 7K R U 4% 300
AR AL P (RF — OM Hl RF — S Ab ) - 558 3 &G #40 &%
AN 11.30% F1 15.10% 5 5 LRF AbHEAH FE . K
FEf ISR ST 448 0 Ak P - 8 R AR % A 43 A I 8.20 %
A11.90% ., RFE—S b # +IEZ A0 & & N
476.20 mg/kg, B F @& T H KL (P <<0.05) ,RF—
OM #b# + 5 22 %0 B0 % 1 W 3 & T FP R LRF 4b 3
(P<C0.05) .5 FP ZbFHAH L . /K i35 1) 386 4 Aok 2+
98 O AR B i 3 3 N 6.80 %6 1 13.00% 5 5 LRF 4b
PR Ll 7K R AL A 300 185 B A 3 - 8 % A50EP  4 43 ol H
I 6.00% 1 12.20 % . FEFFHB 4> B AC AL IE B & 3% 2 5
- S AR RN 2 R B X AT R I R AR RS A
AEEH RO W ARG T DL 0 4 5 R
GERUEN L AR LR T

F6 ABNZUFRHLTBARFEHSE Hf i mg/kg
m K HE INEE

CK 122.0d 16.0c 53.9¢ 320.0d 113.4d 16.5¢ 50.6¢ 302.0d

FP 172.1a 23.5a 65.2b 421.3c 160.6a 23.3a 75.4b 455.2¢

LRF 166.8b 23.8a 67.1b 424.5¢ 146.4c 23.1ab 75.9b 456.4c¢

RF—OM 167.4b 21.4b 72.6a 450.1b 154.2b 22.3b 85.0a 490.4b

RF—S 166.5b 21.2b 75.1a 476.2a 145.8¢ 22.4b 87.8a 521.0a
242 DEKREKBMEEAMSSEE RHEG6H KSR SRR SR 1% YA G, 28 B Y

H L /NZWCHREI RE— OM 4b 2 + 366 i A & & I % AR, RN A S R B YRR E AR

# T LRF f1 RF—S 4 (P <<0.05) . {H B E X T FP
b BE(P<C0.05) ,RF—S &b B + 3 5di fift A\ & 72 5 LRF
WHESR AR E, RE—OM Ml RE—S 43 + 34
Bk S LRF Ao % 22 5 (A W &L T FP b3
(P<<0.05), 484 (RF—OM Hl RF—S kb3 + 3955
M HRESF AR HBYEER FHALE (P <
0.05) » ZINZZ WK S0 184 0 Ak P - 39 540 4 i 55 FP Ab
FHAH EE A3 B34 m 12,80 % F1 16.40% 5 5 LRF Ab#EAH
Fe 43 38 0 12,00 %0 1 15,60 %, 38 R 080 5 12 U
RF—S 4b ¥ & 5 JF W 3 & T HoAth 4b 2 (P <<0.05),
RF—OM &b ¥ - G220 & = B % = T FP.LRF M
CK AbBE (P <C0.05) , /)N 22 Yie 35 10 348 B A B 4 48 28 34
AR5 FP ACSUR Lb 43 53 I 7.70 %6 A1 14,40 %6 5
5 LRF &b FEAR L2 23400 7.40 % F 14.10%

3 W
3.0 T HEAR AN IR R D i A 4 B Y B
A NE W i 22 A K DL A 7 ) B

ZL AR T RS BOR N KRS A W R RO R R
W] 235 SR 26 B RS 30 T A BT K R R A R
18,950, Horh B AR W B R IR GA 15,300, A
TR IR A AT R4 R A A Ak B K R AR M S
P it IE A BAH Eb I 2 2 R (P <<0.05) (B 5 2 1t
JIES b 38 2 S R K 3 AT RE R R Ol G R A L 9% 4 2
Py [ 4 3 L R T I B A L AR K R A KR T ) T
R, W2 e o5 R R, 5 5t A ALE Fn
ANTita JE A 3EURE L A HILTE AT R T it Ak P A R R K
FEL S % VAR 4 A R A 0 i L PR A AL 52 e K RS A= 1
A ARG, B AT DU ES 0 AT Ak 2K
Feidth, b AR AR W i W T HERR L AL B (P <C0.05) . 5
2T 1Bt R NS 3 o R A I A B 25 57 O 25, 3 i
TG B A MR A Mk AE A B i 6% 36 A2 K R AR K
AR 50 TG oK . e — S IR 4 SRR L, 5
Xif FEAL AR LY, LAA B ACAS R] e B IE RO /N2
S S N 13,8390 ~17.57% . ARG L AT HL
FEFR A2 AR A AT Ak /)N 22 % FF A 4 a5 > 153 7t A R 4
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% 35 &

FEREACAL FRAH TG o 3 25 5, FOh i oA MUAE B 2 4K
AR RE Ak 31/ IN 7 Tl R A i B A A it I A PR 5 0,39 %4,
T dn A ATURE S 43 A0 Ak A Ak 3L /N 22 R R A W i e b |
T A i 5 ST I R A T AL B 22 RN
{5 25 1 TR AR R A B AR AR IR Ak B (P <Z0.05) , 1 5 FF
T B A AL N b 35 /N 22 K 07 A o B Ml b 3 S A
o 5 7 A A B A B G B A
3.2 FAEEELENEM ERFIEERREE
ap=Al

Y Hhy b BN ] 5% 43 e SRR B o T DL e
Az BRI AN FE 43 W O B A R AT B 5T R
55 it P Ak B A LY L A e SR e LR R 4
WA L A 250 T KRG 43 BEIA RS AT B2 24 H 1
M EARE LA A W R (P <<0.05) s X £ YL
SN A A Bt 50 Y0 A HILAR AR AR T K 3 R
KRR R R R A, 7 it AT Ak P A )
87t AL Ak B ) L Ak B U 4 10 %6 W 20 %4 5 A LR B
A3 AR N Ak 3R AE T 45T it A A L6 5 il 1 20 A Ok
Jiti 25 %6 AR it 30 %6 K ARG ZE A IR i 16.7 %6 /)
27 ZERIAE R it 33.3 %0, 25 SR B, B b A HLAE R A3 B AR
FRRE A B K RSO b 38 = 228 A A A FR R
BACARAE b FRE K R 58 7 Rk 5 4 1 it A Ak 4 179 2
SR B 2 AL BE (LRF,RF— OM fil RE—S 4b3f)
XK e b AR E R S RN, BREEK AN,
HOH b P (RF— OM Hl RE—S Ab3D /K R 4% 38007 £ 40 1
Yy 10 2 e T > 1 it A AR A S it I A #E (P <<0.05),
Jiti A 8 35 4 E /N b bR AR MR R LR, B
eSSBS IA A L /N2 R W N R A2 R 1Y
ST A BT 25 5 7838 B AR B /NE A R T B 2 K it
RUHR P 14 T A 396 e A AT R v /N R R R
FITT B FL2H o3 5 i B S R i B T AR I
A HLE R 43 B A AL A /N 22 5 FF RURFRL & 0 5 41
Jiti A 26 5 O S 2 /N 22 O 0 U Ak P (LRF \RF —
OM F1 RF—S 4b #) X A #k b - 35 28 7 o 52 ) A
Ko BRIERLAN 7 &b A ALIE S 55 1 L0 0 7K Fe L35
TESEFARHRRES I UUGEIR T R EE 5 AT
3 B A AL NE KRG 5 FF OB FRE 76 LA B /N 22 R FF I
O A R R 0 T 2 Bt AT RN A e
(P<20.05) , i3 B R #F AT DL AR 43 8 IE . DT O/ GE
VEY IE R B s B =R = m B i .
3.3 A[E) e BE &b 28 X 4E 4 SOAB T A 30K M B2

RN ) FH 2005 R B o I it P B B R
it TC AL U BT X A A 38 5% 40 S 1 AN R
177 3k £ il P RS AN 23 2 BUE Y ZIE R 23 F L b
SR BT Z T WA e K E R AT
W55 2 BA L 5 it Ak IE AR L L 7 AL AE 08 1R 356 40 e e

R R TR A6 R0 55 2 WO, T 4 A AL R R R
FFH R A 7= 1) AR A R0% s AR SV JE T 2 4R
(]3R5 A BE L 55 > it AE Ak BEAH EL L A HLAR R AR R A B
KA 13 58.90% (P<C0.05), AiXE
55 FP Ab3AR L, A AL ER 73 B AL IR AR B (RF— OM Al
RF—S A3 7K R AN A 2 F1) FH 23 2 U AR 26 7 77 43 3]
PR 3.94~4.41,8.16~8.63 kg/ kg, N 72 WL ] g 3 45
1 6.06%0~9.03% . A AHLAEER 43 B X 10 I8 Ab B X 7K
T SR04 2 ) FH S5 R0 26018 A A 7 g 4 T SO o
LR A LR B AR BOR B . 5 FP
AR L, A LIS FR 43 8 AC AR IE AL #E (RF — OM Al
RF—S b3 /N 22 BB A 2% F FH 3R S A8 b 26 7=
Ay 3.36~3.48,9.40~9.53 kg/kg, ENEF M 1]
WeR B & 3.78 %0 ~5.52 %6 , Ui W R i A ML &6 43 = AR
AR RE XoF 412 v SN0 ) 2680 23R 1 005 B T s 0 40 5 AR
FERE . 3 AT RE A i T MLAE A9 it A BE B 3 + 89 A=
PrrER R TR E RS E AR N2 D
AR P 1l R 0 AU R R ROR

5 7t A A B B A HILAE 3R 20 1R Ak A Ak B 7K
R R EFPRLAE P2 SRR 5 0.86~1.99 kg/kg, /NEAHE
KRR PR R 5 2.28~2.79 kg/kg, & FFER 4> AL
FEXH B o KR /N2 R R PR A P RCRBOR T, AR
B AN AE A B K R /N 22 AR =i e de s, FL
Wit 5 1t 2R A RGN L KR LN R R PR PR RIOR TR
SO EP R R R IRAUK T T AR TR
TR0 e fe RS X 1 T 0 e o R e IR A
RS AE T T K 22 J R0 sl 80 038 T4 o A 7 0%
He e (EFR SR I AE 40 8 T o 80T e o (R IR A B T it
AR R FRA R TR, RS I R
HLAE 55 Ak AE it /K e 20 R R 2357348 36.30 %0 » 3 15
TR AL R b B, A 56 1 BT 5% 45 St F L A HLIE BB
SRR AR ARIE AT 5 3 4 = K R RN IR FH 83 (P <<
0.05) » J v i i A7 AILAC 38 43 85 A0 A E £ T Ak SR i
Qiao ZEURGE L i A BN 232~257 kg/hm?® B, /K 75
7 b di e o (F B = R0 M8 R R oD R 0 1 A
JE O I AE G Al b ) Ot L L A B ST T A LIS S 43
e ARk B Ab 3 G 8L HE S 225 kg/hm? . A HE ST MG R
AR it S T 5 ) 9 260t P ko DA TR S 35 R v KRR
/N FEFI R (P <0.05)
34 AEBIEBLEXMIENURBIBEEYAFRICE

sk

+ HEA R TR 4 A AT DU e+ 3 AR BE T, A
N3 A MR it FE X - 98 77 43 9 5 i il EL 2
JB T 2 S, 45 R L A HLIE AT DL i £ e v
A LT o A P R R A SRR AT o R+
HeaAl 4R A AR A B A RO R R
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EKAE S WA AR S & B, St AR IR A
A HLIEEBEA RS 4 G HLA | BB M AR
LR RESRA R E E SR RN K,
BT Ak RE A b B A AL AE 2 1S o 4 AR AR ) A ar
RS I, B 7 T AT g R B i A HILAE RT LB
W0 A AL VR L B2 RIS Ty, 5 it AR IE A
LE B it A LA T LA S 25 B e b B A AR A RO
SR s RS R R WL B A HLIE AR
AL Lb A5 384 s 7K R /N 22 0 VR A 3R v 4 S A AL
SRR B W T s B AR A g kB, RO
HC BN ] A HLAE B AR AL B X BE 48 5y R 35 o &
Wit o A AILAE A BERE it L 91 4 3, - B8 b g i
R RO R RO B YA T R, 5 iR 3 0
5.57%~24.50% ,28.65 % ~48.42 % F1 16.7% ~28.65%,
AHFFE A HUAEHR 538 A A I Ak 337K AR SR 40 - 1 sl
fift 2R P i 3 I 2T U AT A B (P <C0.05) , S5 H#E R e
JIE Ak 30 25 S A 035 5 A 0O i S AIT 2 B it AT A 4
TEMIAEALHE (P <C0.05) , AT fig J2 X A7 MILIE 38 43 8 A ik
NEAE—EFERE A a2k & . AR, 5
WA REAR LL , 7 A AILIE R B AR AR R /N 22 W3Rk 3 +
SR T iR N 5.10 %6 RS FFER A B AL 5 HEE it
SP = N E 3 O e LI s Y |
ThgEm A S BN e, AR T 5 B 4
FHAR L K R USSR I AT ML AE S 0 A QA B Ak 2+ 458 55k
BRI RN 2 55080 B i L 43 00 3G i 11,34 %6 ~15.06 %0
6.83% ~13.03 %, /N2 Wk 3 A HILAE 38 43 5 A Ak e
A 3 A 9 KRR RN 92 SR B 3 i 11,36 %6 ~
16.45% F1 7.73% ~14.15% » Q45 A7 ML
TH 3 Y 1 It 40 101 25 G A DU R R R 3R 4 1Y 16
PR PR 2 I B K+ A A
4 5w

TER S0 BT B it IE 1 45 1 T o WSR3 45 it JE 4k 3R
JKFE /N B FR R R B YRR DR R AE AR R KT
5 AR AR B X R B R oK L R R 1 AR — 42
ARG . R SR 5 (B A A SO AR
G S m TG g, B R R
FIBIVERT . 55 25 b (9% 4 7 i AT LA i R0k gt 1 41 2%
P B9 HLAE &R 435 10 1k I8 i & 25 32 5 = £f H5 /K A
FU/NZ L AR SR W6, R i T IS E 1)
Bl A ALUIEH AR IS4 B (RF— OM #il RF
— S Ab 3D HE 5 2 R KR LN A2 AR A 2 R 3R
JIES 2% 0 1T i 2% RN O 2 7 03 R 3R R R AR TR R
T A R S A TR C L R 2 D R
Jite FH 2 L 1 A A A Y SR E R A HLAE SR AT
R ARAIE 2 AT AT Y, T R SEARAE R A0l 1 & J A1k
LEIVAINES Y NS
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