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Effects of applying nitrogen fertilizer and fertilizer additive on rice yield and rice plant nitro-
gen uptake, translocation, and utilization. LI Wen-jun'”, XIA Yong-qiu', YANG Xiao-yun',
GUO Miao', YAN Xiao-yuan' ('State Key Laboratory of Soil and Sustainable Agriculture, Institute
of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; *College of Resources and
Environment and Tourism, Hunan University of Arts and Science, Changde 415000, Hunan, Chi-
na). -Chin. J. Appl. Ecol. ,2011,22(9) . 2331-2336.

Abstract; A field experiment was conducted in the Taihu Lake region of southern Jiangsu to study
the effects of applying nitrogen (N) fertilizer and fertilizer additive on the rice yield and the rice
plant N uptake, translocation, and utilization. Applying N fertilizer had significant positive effects
on the rice yield, accumulative absorbed N at all growth stages and at each growth stage, and N
translocation rate after anthesis ( P<0.01). However, when the N application rate exceeded 200
kg « hm™ | its yield-increasing effect was not significant (P>0.05). The N translocation rate after
anthesis and the N fertilizer use efficiency decreased with increasing N application rate. Applying
fertilizer additive further improved the rice yield, accumulative absorbed N, N translocation rate af-
ter anthesis, and N fertilizer use efficiency, and this effect was more evident when the N application
rate was equal to or greater than 200 kg - hm™. Relatively high rice yield and N use efficiency were
achieved when applying 150 kg - hm™ of N fertilizer without the application of fertilizer additive.

Key words: rice; nitrogen application rate; fertilizer additive; yield; accumulative absorbed nitro-

gen; nitrogen translocation; nitrogen fertilizer use efficiency.
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IKF] 350 kg + hm™ , Jitd FHZAUIE A3 7= 2500 © AR /)N
T R RS AN 20T B, 65 43 w8 it 20 X &R
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1.1 HF5E IR

FH 8] 3056 T 2010 4F 6—10 H 767195 3 B [
A FR G E R BN WA 5T 36 (31°33” N, 120°
38" E)#EAT. 2@ W p Jb BB 2 U R K
VLT U SR KR = X AR SRR 15,5 °C L em <
39,1 °C AP R & 1038 mm. 3 X Hb I J& FH 7 1)
FRHEF B MR 3.2 m, H BN RSk B4 - | b
TIKIE 60 em Z247 , 8 E (0 ~20 cm) +HEAG LA T
EPERT A . pH 7. 50, AHLET 34.7 g - kg™, A 2. 09
g kg, AWE0.79 g - kg™, M 18.7 g - kg™, AR
A 180.2 mg - kg™, B 8. 43 mg - kg™, HALHH
123.3 mg « kg™, FHES AR & 21. 1 cmol - kg™
1.2 Ak

BERKRE S AR H L 2 5, WA RS R % B N
240000 ¢ - hm™,6 A 23 H##,10 H 29 H Ik,
HERAEBHR NN Goloagra-5 , & A — & LAl iy i 24
PEIY) M 716 7 S AR AR , i b E R B
MG A A BRA FIEA 27 5 90 it FH 2V
HER 46. 6% IR K.
1.3 5t

PRI 12 N AEER, 43 BIARIE A Uy Usy U
Uiso+Usno Uaso \Go \Gso \GIOO \GISO \Gzoo il sto ’/E\ZEP U
PR IR R AL P, G X3 IR 2 T it I Ak 45 Jon 5] 4k
B FARRBEEKF, 4 50 R 50 kg + hm™.
ML PR E 3 R E R, BEAL X A HEF, /N X R
30.6 m’. %/J\Zﬂﬁﬁ@éﬂlﬂ(ﬁ@iﬁﬁ%)% kg - hm ™2
FERAE (SA6H) 125 kg » hm™  1E g L0 — Y PE e
AR FENE AT EEREFIREAE L 4 ¢ 3 & 3 (A4

MF6 H22 H.7HS5 HMS S5 Hii A, RN
FIFHE R 100 kg - hm™, 5506 R IR 21 5 K RS
FEARR T A . 12X S0 ) JH At A5 S it 49— e 6 LA
5 AT
1.4 FESCRES B

P4 — R/ AR TR 50 R Sh S SRR X A
WCARIX IS IX 7E Bl A RAE X P SRR i 0
FRIX L FH T KRR 7=, 43 A K R o BE RS0 (7
AH23 H) KW@ H 14 H) PO AT H)
FIRLAHI (10 F 28 H ) SRR FEAE AR 1L L B4
RR/NDXCRAE 5 Bk 25FF it R RRFRL S B, #E 75 °C
T AR FAREE A SRR A IE R S,
FH o I QO BE D 4 85 . K e i) 7
BN X P 3 6 m? PN Y K RS R AR AR 4
TR R R

bR B R R AR PR AR AR B 5
B A= BB (%) TG R R iR icw bfE A
Tl ia RN 2 R TR R A28 5 B ikt
B ISR P 2 0 IR A 2 ) FH 3R SR 7
AUV O A RUIC D A 7 R 2R AT Y
T AL
1.5 b

FH SPSS 16. 0 1 A45% B A7 ik g B s 24 7 4 143
Hr. o B AR 1 XA 2 7 22 70 M7 ((Univariate analy-
ses ) fiff 7 it 280 s FTAERRAS I 390 P AN PR 2 R HLxg B
FHXPFPRL™ it AR SRR A B B A R B
R K 1a SR NE ] 2 04 5% i 7 J3E 5 %o BLite bR 28 A0
PR Z M MR AN 77 A0 B A [ A 20K S ) &35 58 1k
ATHH R Ty 25087, 37 Duncan b7 £ HE 3.
% Microsoft Excel 2003 #/4-17EH.
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2.1 N[ b B KRR 5 M)

HI38 1 W] NI Bl PR 28340 J2: PR 25 e it AT
IIMFVSAE T |l AL B A PR 34 2 8 T8
AALHE(P<0.05). Hujiti JRZE ST, M A o T
150 kg« hm™ B, ¥F KL ™ & A B W 235 m (P >
0.05) , Jiti & 4 200 kg + hm 2 K15 5w 7o 5. IR
FECHEACENR I S, FFRL it B e 2 1 1
T, A6 A 250 kg - hm ™ I RS 4R
15 200 kg - hm A0 HJC i % 22 5% (P>0.05).
B H oy L AR i 5 7 i — 5, B PR IR
F O AL A i ) 2% 44 43 ) A it 2 200 1250
kg + hm B ELA f g 15 77 .
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x1 AREAEBKFEIFHNTE

x2 ARLETAREFHKEEKRRREE

Table 1  Grain yield of rice under different treatments Table 2 N accumulation of rice plant at different growth
(kg + hm™) stages under different treatments (kg - hm™?)
PO DR ATy 7= i 3 5y BEREHA WA FEIEM A
Treatment Grain yield Increased percent Treatment Tiller Jointing Flowering Maturity
(kg - hm™) (%) stage stage stage stage
U, 5248d - Uy 36.7e 57. le 73. 8f 109. 3e
Us, 7050¢ 34.3 Usy 40. 2de 89. 4d 102. 4e 131.9d
Uigo 7760h 47.9 Uigo 48. 0cd 119.9¢ 126.9d 151. 8¢
Uiso 8327ab 58.7 Uiso 53.3be 127. 2be 143. 2¢ 166. 5b
Usgo 8737a 66. 5 Uy 61.3ab 134.2h 156.9b 175. 1ab
Us,so 8624a 64.3 Us,so 65. 0a 146. 3a 171.0a 181.7a
Gy 5464d - Gy 37. 8e 61. 8e 81. 1e 113. 3e
Gsp 7403¢ 35.5 Gso 42. 1de 93. 8d 110. 8d 137.9d
Gio0 8026h 46.9 Gioo 49. Ocd 126. 0c 136. 5¢ 161. 2¢
G50 8520b 55.9 Giso 56. 8be 132. 9be 156. 8b 178. 8b
Gago 9521a 74.2 Gono 63. 8ab 143.9b 177.2a 195. 2a
Gaso 9727a 78.0 Gaso 69. 7a 162.9a 194. 2a 204. 6a
FAiH N 128.6* 34.7%" F{ N 353 110.3°°  206.1**  131.0**
F value F 19.2* " 2.4 F value F 2.1™ 8.3"" 39.8" " 28.0" "
NxF 1.9™ 1.7™ NxF 0.1™ 0.5™ 1.4m™ 1.9™

N Jiti & 7KF N application rate; F. AEEME NI Fertilizer additive. £
[ AL A Ak 3L ) 510 5090 J AN T) = B 8 7 AN [ vt 2R - i) 22 5 35 ( P<
0.05) Different letters in the same column under the same fertilizer treat-
ment meant significant difference at 0. 05 level among different N applica-
tion rates. * P<0.05; * * P<0.01; ns; 25 A B3 No significant
difference. T [A] The same below.

J5 2253 M4 R R WA it FEREARE S Jin 750 %6t 7K A =
i HAT W R INPE T (P<0. 01)  fHAEAN ) it 7K
ST B RN I AN — B Y AR AR T 150
kg - hm >, bR 22 e it A A 48 o 5] Ak B Bb BA PR 2%
AP 2.3% ~5.0% , 38 PR R0N AN B
Uit & A 200 F1 250 kg - hm 2N, JR 25 I it A R
ISR A B 7 555 0 B A, 398 7= R 4 Bk E 9. 0%
F112.8%.
2.2 IRl B K e 2 A R
2. L1 KA ERR A E MAAFRLER
A S R AR (R 2) M, it R i T KA
X R ) BRI, 4 A AR PR R R
Wit 20 e S35 0 T 388 . A3 B R 3R Ah B A S SR
FBCHAE AL ) A B e 43 BE S R[] it 20K P
T LA O 2R ) 22 S AR 45/, it 4 50 kg + hm 2 A2k
PREL S 5 IR FETC 35 25 59 s Ay BESS S AR
R 3 A K3, 6 R Y WA R T S, 7 4k
A AL S i 2 Ak B Ak AR R e )
TR IL(P<0. 05) , i A0 3L a] 2 A A B
(2 5%

K5 ot R A L, PR 2 Bt AR IR B i T
A E I R R R A (3R 2) . BRATBERGI A
GRS 350 %of A 25 A 7 Bl AR e SR B R i

YA W (P<0.01) ,7E 0,50 ,100 150 ,200 F/
250 kg + hm™ 6 ML EKE T EAHA fin 77) &b #1 7
PGS A PR BR RR W R 1 3 A3 i Ak B 3.7 % |
4.5% 6.2% 1.4% 11.5% F112. 6% .

222 KA AT B AR BERE HER3 A
ALK FETE BT N AR BRERK, B
G A5 1R R 18. 7% ~47. 8% , ¥I{H L F 39. 2% , [A]
Iz Be A 2 R E S U 2R A s B A
IZEPERIE R (B 1), 5 2 BB B R e
R BRI AN W] Ak 3B Be AR B LG ) Y (B
31.2% . AT L, 43 BEHA R Y7 22 R0 Ry 28 3R i o A%
39, ORAIE U 2 R R X A R A R R B
FRCE A T4 v 7 i A B L

g 220r

8 °
" E 200 - R
= ‘gp 180
Kz b
B - 160
EE
®y 140}
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Fig.1 Linear regression relationship between N accumulation
from tiller to jointing stage and N accumulation at maturity stage

of rice plant.
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Table 3 N accumulation and percentage of rice plant at different growth periods
i B -4 By 3 BRI - BT WATHI-IT AL TFE - it
Treatment Transplanting-tiller Tiller-jointing Jointing-flowering Flowering-maturity
HRE % HRE % HRE % Ny %
Accumulation Accumulation Accumulation Accumulation
(kg - hm™) (kg - hm™2) (kg - hm™) (kg - hm™)
U, 34. 5e 31.6 20. 4c 18.7 16. 7abe 15.3 35.5a 32.5
Us 38. 0de 28.8 49.2b 37.3 13. Obe 9.9 29. 5ab 22.4
Uigo 45. 8cd 30.2 71.9a 47.4 7.0c 4.6 25. 8be 17.0
Uiso 51. 1be 30.7 73.9a 44.4 16. Oabc 9.6 23.3bc 14.0
Usgo 59. 1ab 33.8 72.9a 41.6 22.7ab 13.0 18.2cd 10. 4
Us,so 62. 8a 34.6 81.3a 44.7 24.7a 13.6 10.7d 5.9
G, 35. 6e 31.4 24.0d 21.2 19. 3ab 17.0 32.2a 28.4
Gs 39.9de 28.9 51.7¢ 37.5 17. 0b 12.3 27. lab 19.7
Gioo 46. 8cd 29.0 77.0b 47.8 10.5b 6.5 24.7ab 15.3
Giso 54. 6bc 30.5 76. 1b 42.6 23.9ab 13.4 22. 0ab 12.3
Gago 61. 6ab 31.6 80. 1b 41.0 33.3a 16.9 18. 8ab 9.6
Gaso 67.5a 33.0 93.2a 45.6 31.3a 15.3 10.5b 5.1
FfE N 35.3°" 136.6" 9.9 " 8.6%*
F value F 2.1m™ 11.6** 8.87" 0.4™
NxF 0.1"™ 1.3" 0.4™ 0.1™

T ZE A KRB (3R 3) M A IR Z X B Be A
SR B (P<0. 01) i FAEARZR I35 2o 43
BERIY -1 SRR 9T AE S P B B R R AR
A W ZE RN (P<0. 01) , ARG UK T AL A T
RN B B SR 52 A . it SRS 7 2 e
TAERTAHERUKF T R B B m R R EXT BB
RE TR BIENIC ] 5.

2.3 AFLLBEX KRR AL R S s

it SN AE 5 R i AR s R s J 5t

BRI W (P<0.01) (£ 4). fEfG ARz

x4 KERBEREFHEFE
Table 4 Nitrogen transfer characteristics of rice plant after
flowering

ST REVER  AEREE  HEAmE
Treatment N translocation N translocation N contribution
(kg - hm’z) efficiency efficiency
(%) (%)
U, 42.1d 57.0a 54.2d
Us, 56. 8¢ 55.5ab 65. 8c
Uigo 67.8b 53. 4abe 73. 1be
Uiso 71. 0ab 49. 6abc 75.3be
Usgo 75. 0ab 47. 8bc 80. 5ab
Usso 78.0a 45.7¢ 87.9a
G, 47. 3e 58.4a 59.5d
Gso 62.2d 56. la 69.7¢
Gigo 74.0c 54.2ab 75.0c
Giso 79. 3bc 50. 6ab 78. 3bc
Gago 88. 4ab 49.9ab 84. 8ab
Gaso 92.2a 47.5b 89.9a
FAiH N 58.2% " 6.8" 32.0%*
F value F 26.9% " 0.8" 4.1™
NxF 0.9™ o™ 0.1™

=)

it R o 2 DT R 3 ) o e 207K P P B v T
RE 12 R AR S e, A [R) it 7K ) 4
BRI TN ABAIE I 45. 7% ~58.4% .

Jit FH NE A E S o 550 % 4% A S KO T 4B R Al is
i AR IS R s ATk AR R (%
4) (AHXT R R 18 R R ok R i 5 A B
F(P>0.05), MALFE A iz m s & (P<
0.01) ,7£0.50.100.150 ,200 #1250 kg » hm™ 6 4
PEEKOE T, IR 2R T it I A 45 Jon ) Ak P 6 38 o 4
PG PR Z AL TR AT BB AN 5.2 5.4 6.2 8.3 .13. 4 FlI
14.2 kg + hm™.
2.4 [RIAbFEXT 7K R IR FH 2 04 5 e

M 5 AT LIAE KR RN FH#E (UEy) |
2R 2 (AR AVEBE AR 2 7= 71 (PFPy ) 2B it
R A TR, A T8 5t R 3R AL #A 2 IR R T
it AERHAS AL B, 24 S 5 = T 200 kg hm BT,
UE Ml AE (J#ACA B2 (P>0.05) |, i PFP 78T A it
R 2257 3% (P<0.05).

Jiti RS S o 500 %o 7K e U IE R FH 23 42 A
FH, ELSCARIRON 7 il Ui (=200 kg - hm™) 7KF
TR, il A 200 kg - hm™ Fl 250
kg + hm B, FREZBOEALEHR MAIAL B UE, (AEFI
PFP 45 it PR 2 AL B 43 51 2 42 55 25. 5% .21.3%
F110.9% . J5 2253 A 45 R R WA it FH I RH 8 Jm 751 %55
UE Ml PFP A W& 5200 ( P<0. 05) ,{HX} AE FE0 A
B (P>0.05).
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x5 AELETKEREREF AR REFHNARERRE
REFN

Table 5 N uptake efficiency (UEy), N agronomy efficien-
cy (AEy) and partial factor productivity of applied N
(PFPy) of rice plant under different treatments

4k B AL FIERARIE R RA
Treatment FIH %= N agronomy Partial factor
N uptake efficiency productivity of
efficiency (kg - kg™") applied N
(%) (kg - kg™)
Uo - - -
Us, 45.2a 36.0a 141. la
U0 42.5a 25.1b 717. 6b
Uiso 38. lab 20. 5be 55.5¢
Upgo 32.9be 17. 4cd 43.7d
Us,so 28.9¢ 13.5d 34.5e
Gy - - -
Gso 49.2a 38. 8a 148. 1a
Gioo 47.9a 25.6b 80.3b
Giso 43. 7ab 20. 4bc 56. 8¢
Gago 41. 0ab 20. 3be 47.6d
Gaso 36. 5b 17. 0c 38.9e
Ff N 1.o** 30.3"" 756.8" "
F value F 13.8" " 1.7% 7.2°%
NxF 0.2™ 0.3™ 0.4™
3 i i

3.1 RN KFE R AR WS TR R 5w
Jite R R KA e e, (E AR gy 3 it
AR B = ARHRIT £ B, PRt IR 3 Ak
T AR T 150 kg - hm I i A9 725800 AN
0 AT G A R R . AR S R TR 43 BE R
WA 50 kg - hm B, M bR BN R IR B
FIHRALIL, 3 5P 7 1 P H A . — i, KR
AR R RS Tl K I fE U8 i,
A HEK R S — i AR EUKE R
H R ARIR SR A STERR T L B A bR
AR | R0 X R AR O AL 280 7 6 T ok el o 2 1) 1
FH R TESR T B T A6 R 0 it A BE Y
PR R R I 2 i T OO AU B oG Tk R 7E
ARAEBR AR RER, THAFE AR,
PR T 2 e R 7K R ) R AT e DA T o B P R
FRE 2T ERERN 34.2% ~47.8% , At
FEEE I AR S, S - BT AR R R BB L)
SR, 73 BE A IR 1A 2 7K e 0 26T ) v 6 B A O A
W, 3% 5 2R AR FEI A A i g At SR — 2
AR KRR AR FEEERGE D
REMFB . AR KRR 54. 2% ~89. 9%
MAF KA TERGEARNEZ AR A TR

W ot o AR R T I A SR — 2 DR A
IR AR A UG R R RS SR A AR A
WFFE AR, GUIEI FH SR B 28 3 i F S R AR A1k
FEAMY Az 7 r R I 1 A RS A AR AT R is
%.
3.2 Tt HIACARRE NGRS KA i R R W i
H IR 00

IRt ARSI 550 X6 7K AR 7 o 9 52 0, LA
ABIFSEAE T I A — 2, It T AE AR T 750 £ 484 7= 280 17
DRI IR 2 30 2% 7 0 A [R] T A i 28 522
IR e FH R 445 1 70 AT i/ M ) 3 5 463 2
T, 0 PR AR, PR R A0S W i M
LS 2200 ARG et AE A S i ) e K A
i R R R s B B e R
ARV AT RE -5 ST AR I & A — R B A AR
A K. WFFERE SRR A 5 AL 3 R A EAE W)
AR SRR AL R I A4 D7 A 2
FRORT

WG, L o FAR AT it FAC AR A0 551
Xt SRR WSOM TR A S i e E A T, AE B 4 3t &
RN =850, 12245 R 3 A SIS R s i ) 7
3 B A e U A DX — 5 B R L, (L i 5
s 20w il ub RN IR 2y VAN Cil RPN
SOV I 28 Tt BEAT AR, D Ml DX ARl A 7 AR
HEA S (LB

S% 30k
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