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Abstract: [ Objectives ] Excessive chemical fertilizer application is unfavorable for sustainable agricultural
development. It is important to conduct optimize fertilization experiment for achieving fertilizer zero increase in
China. [ Methods ] Two on-farm experiments were conducted in wheat-corn and wheat-rice rotation systems in
a purple soil in the Sichuan Basin, southwest China. Taken conventional N, P,O, K,O input of 180, 120, 45
kg/hm’® as control, reduced fertilizer rate (N, P,Os, K,O input of 96, 60, 45 kg/hm’) in wheat was applied. The
wheat yield and its components, grain filling characteristics, translocation of dry matter and chlorophyll contents
of flag leaves at the post-anthesis, nutrient balance and use efficiency were investigated. [ Results ] Compared
with conventional fertilizer rate, wheat yield, the numbers of spikes, grains per spike and 1000-grain weight were

not significantly changed under reduced fertilizer rate, expect for the 1000-grain weight in fields of wheat-maize
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cropping system. Based on the Logistic simulation model for the grain filling, the reduced fertilizer rate treatment
significantly enhanced the maximum 1000-grain weight, the net increase of grain weight during the gradual and
slow grain-filling periods, but not significant on other parameters. Reduced fertilizer rate increased the dry matter
translocation, efficiency and contribution to grain by 28.5%, 17.5% and 20.7%, respectively, but accelerated the
decline of chlorophyll in wheat flag leaves after flowering. Under conventional fertilizer rate, the soil N and P had
surplus of 22.6 and 80.4 kg/hm?, respectively; under reduced rate soil N had a deficit of 30.2 kg/hm’, but still had a
surplus P of 22.8 kg/hm’. The respective nutrient use efficiencies indicated by the partial factor productivity,
agronomic efficiencies and apparent recovery efficiencies were significantly improved by 79.2%, 69.1% and
27.9% for the N fertilizer, and 91.1%, 72.7% and 68.5% for the P fertilizer. [ Conclusions ] In Sichuan Basin,
the reduced fertilizer rate maintained the wheat yield, improved the nutrient use efficiencies, P balance, efficient
translocation of dry matter and contribution to grain filling, but caused the deterioration of flag leaves and the soil
N loss, which might result in a fertility decline especially in a long-term period due to an insufficiency under the current
reduction rate of N fertilizers. Therefore, rational N fertilization rate needs to be further optimized in the future.
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Fig. 1 Grain yield of wheat under the reduced fertilizer rates
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Table 1 Effects of the reduced fertilizer rates on yield components of wheat

H b HAL (x10%hm?) R TR (g) B (cm) K (cm)
Field Treatment Spike No. Grains per spike  1000-grain weight Plant height Spike length
INE-IKAEREAE TCHEXTR CN 189.5+22.1b 382+19b 468+ 1.1a 741+1.7b 9.8+0.5b
Wheat-rice rotation §
Towi xR CP 2102+11.3b 435+34a 437+2.0b 745+16b 11.6+0.7a
S ENE FP 3014+114a 459+1.0a 40.7+25b 793+15a 120+0.5a
IR RF 2789+17.2a 44.1+3.6a 426+19b 782+2.6a 11.8+03a
/N KEEAE TCARX R CN 2233+£19.0b 299+45b 49.0+04a 71.1+3.1b 9.0+0.8¢
Wheat-maize rotation .
Tewx) 8 CP 205.3+20.6b 334+1.6b 474+13a 708+23b 10.0+ 0.8 be
Bt FP 306.0+12.62 40.5+39a 442+26b 76.7+1.8a 11.5+0.6a
L RF 285.4+7.8a 39.1+2.7a 468+14a 769+1.8a 11.1+0.5 ab

1 (Note ) : CN—N omission; CP—P omission; FP—Farmers’ practice; RF—Reduced fertilizer rate. (g2 - FHMH + FrifEP% Data
showed as mean + SD; RIFIEHE G A F/ING FRER R AR FLATE P < 0.05 K257 53 Date with different lowercases are significantly

different among different treatments at P < 0.05.
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[ (Note) : * Fsn[al— b a] 22 5 1 3 (P < 0.05) Indicates significant difference between treatments in the same period (P < 0.05).

FP—2 Wil Farmers® practice; RE—J§ & i il Reduced fertilizer rate.]
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Table 2 Grain filling parameters of wheat in different rotation systems under reduced fertilizer rate

INFE K FEHEAE Wheat-rice rotation

N T K EEAE Wheat-maize rotation

I SHL
Filling parameter >JBUiENE Conventional P AL Reduced S 15IE Conventional WAL Reduced

W, 1.70£0.55a 2.15+0.68a 1.87+£0.50a 2.60+0.61a
W, (2) 444+11a 4694242 471100 49.0+19a
7. (d) 242+0.7a 250+19a 231+11a 232+2.1a
Vo (8/d) 1.50+£0.12a 1.44+0.13a 1.64£0.15a 1.54+£0.14a
W, (g) 94+02a 9.9+05a 10.0£02b 103+04a
W, (g) 25.7+07a 271+ 14a 272+0.6b 283+1.1a
W, (g) 72+02a 7.6+04a 76+£02b 79+03a
D, (d) 143+08a 142+09a 13.6+t1.1a 126+t1.1a
D, (d) 197+2.1a 21.7+32a 190+1.7a 21.1+£29a
D, (d) 122+13a 134+20a 118+1.1a 13.1+18a
v, (2/d) 0.66+0.06a 0.70+£0.06 a 0.74+0.06a 08340074
v, (g/d) 1.31+£0.11a 1.26£0.11a 144+0.13a 1.35+£0.13 a
v, (2/d) 0.59+0.05a 0.57+0.05a 0.65+0.06a 0.61 £0.06a

# (Note) : W, —FRiEH A TR H Maximum 1000-grain weight; W,—EiH#E3E # Initial grain-filling potential; T, —x KIEIH R
BLEF[E] Time of maximum grain-filling rate; V,,—#x KUK # % Maximum grain-filling rate; W,. W, Fl W, 43 5 A HES WA . et A fn gzt
WIkFRIE T W, W, and W, represent the grain weight increases during gradual, fast and slow growth periods; D,. D, Fll Dy 735 7S il
W PRI S RSt A] D), D, and D;: duration of gradual, fast and slow growth periods; V. V, Fl V;, 233 A HESE WA . et A Fn gzt
WA HARESR MR 1, V, and V;: average rates of grain-filling during gradual, fast and slow growth periods. [R5 4045 A [R] 55k 27 i AT AL PR [R] 22
5+ 1.3 Values follwed by different letters in a row are significantly different between treatments at P < 0.05.
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Fig. 3 Effects of the reduced fertilizer rates on the translocation quantity and efficiency of dry matter, and

its contribution to grain production
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Table 3 Effects of different fertilizer practice on soil nutrient balance

N P,O,
Ay H ke it A b T - )
Year Field Fertilizer treatment URZLICIR e URZLICIR RV

Crop harvest N surplus Crop harvest P surplus

2012~2013  /NEIKFERAE TRXFIE CN 66.0+8.6d 66.0+8.6¢ 25.0+5.6¢ 350£5.6b
Wheat-rice rotation ,

JCBEXTIE CP 89.8+ 184 ¢ 62+184a 29.8+5.9be 298+594d

SN FP 1706+ 1142 94+114a 429+62a 77.1+£62a

IR RF 136.5+5.9b ~405+59b 38.0+4.5ab 220+45¢

INEE - REAE ToEXTHE CN 64.1+3.6d —64.1+8.6¢ 235+1.7b 36.5+1.7b
Wheat-maize rotation .

JCHEXT IR CP 71.8+84d 242+ 184a 23.6+62b 23.6+62d

AL FP 1453+6.0a 347+60a 37.0£0.5a 83.0+0.5a

AL RF 118.1+85b 22.1+85b 36.1+6.0a 23.9+6.0c

2013~2014  /NEKFERRAE TCHENT I CN 624+62¢ 624+62¢ 245+33b 355+33b
Wheat-rice rotation §

Towixt e Cp 71.6+85¢ 244+85a 222+58b 222+58d

> PEAE FP 159.0+5.8a 21.0+58a 39.7+43a 80.3+43a

IR RF 128.8+12.5b —32.8+12.5b 38.6+8.0a 21.4+80¢

INAE T KA TERXTHE CN 69.4+54d —69.4+544d 20.7+5.0b 393+50b
Wheat—maize rotation §

TeHx) 8 CP 88.8+7.1¢c 72+85b 22.1+3.4b 22.1+3.4d

SN FP 1432+20a 36.8+2.0a 38.8+3.4a 81.2+3.4a

I RF 121.5+9.1b —255+9.1¢ 36.1+19a 239+19¢

I (Note) : & () REA = iR (W) & — (EWIIRA (W) N (P) surplus = Fertilizer N(P) — N(P) uptake. CN—N omission; CP—P
omission; FP—Farmers’ practice; RF—Reduced fertilizer rate. #E3/~ A F-I{H + FrifE2: Data showed as mean + SD; [FFEHE 5 A F/NG 1
FIORANFEAFEAIAE P < 0.05 /KF-22 57 .3 Date with different lowercases are significantly different among different treatments at P < 0.05.

kg/hm?, V2K 126.2 kg/hm?, FHIFEAE 18.3%;
B it A R it A Ak PR 4 R R AT 4R
22.6 F1-30.2 kg/hm?, 151t AC R s f it AL Ak 38/ N 22
VEMIMIHCHE E B (P,O5) SF3443 518 39.6 il 37.2
kg/hm?, WF TR EZES; TIEBRERTHN 80.4
1 22.8 kg/hm?, Ykt it IE 3 R A AR B KT
AL
2.6 HEMAESERFRERNE

55 39 W AR A B, e it R T LR 4R
A BRALRIFR (K 4). 2012~2013 F/NEIKFEEe1E
FH e f L 2 0 [RT W06 T 2013 ~2014 4 /e — ok
R AT 2R G0 10 i I AR 2 A5 3 il i S R > 5 i S Ak 34t
ZIHZERAREE; BRI Ah, i Ne b 2 A e
FBEAC R A= 77 7« AR RN R NS e 3 1 25 e
T WAL . BAC A= ) . AR R R I
R IEINT 79.2% . 69.1% F1 27.9%, BEAC W
AR AREFERCR RN ENSCR AN T 91.1%
72.7% il 68.5%.

3 it
31 B NE BRI

YEY) 7= B R . A0k KSR TR 5 2 8] 1Y)
P, Hodokr R w0 e e R, R RRRLEE
T BRI 5 R K U 4B
B RIP T 7 B I AE AT e B BRI 7 1
W1, LIRAEIS G R PR A,
W AT, Wit EE A 5 RN L w4
fb, P DR Ty TR SORVREORL B Y A B 25
fb, (BTFREA RIS, Logistics FHLUFFRLEE K
B 25t 3¢ B el 8 e A BROS B K Tk EE B i T
HEAE, AUEATFFSE B0, WG RS TR
AT REE N AL G T Y G & . iz R M
YRR DTERIE N, AEFE TRPRIES B B AR
GEULFRI], MR T AR B /N 4 A O
7, RS ARG R K A& ) B N B Rk
B TR AL B 0 I T /) 25 o b i
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Table 4 Effects of the reduced fertilizer rates on fertilizer use efficiencies

N P,O;
Ay HH Rby
Year Field Treatment WA= 71 LEERR FUMNCER A= REERCR FMER
PFP (kg/kg)  AE (kg/kg) RE (%) PFP (kg/kg)  AE (kg/kg) RE (%)
2012~2013  /NE-IKAERAE SWUEALFP 319+2.1b 148+14b 581+3.1b 479+32b 10.1+34b 109+2.1a
Wheat-rice rotation .
WHEMLRF 572+53a 254+14a 734+31a 91.5+84a 159+55a 137+55a
INZE T KA SBUGEIE FP 313+1.5b 132+1.1b 451+18b  469+22b 174+3.1b 11.1+48b
Wheat-maize rotation . _,
WAL RF 564+2.1a 224+12a 562+52a 902+34a 312+72a 208+58a
2013~2014 /NE-IKAERAE SEMIE FP 298 +42b 132+27b 53.7+1.1b  448+63b 153+32b 14.6+22b
Wheat-rice rotation . _
WEME RF 57.0+10.6a 25.8+82a 692+97a 91.1+169a 323+11.0a 273+52a
INEE T KA JWUEALFP  32.0+32b  153+27b 41.0+40b  480+48b 17.9+09a 13.9+2.0b
Wheat—maize rotation .
WL RF 53.6+51a 223+44a 542+54a 857+81la 256+65a 233+59a

1 (Note) : FP—Farmers’ practice; RF—Reduced fertilizer rate. PFP—Partial factor productivity; AE—Agronomic efficiency;
RE—Apparent recovery efficiency. [Ff3 %5 A Rl FRAL BRI ZE P < 0.05 /K24 57 13 Values followed by different letters in a column are

significantly different at P < 0.05 level.

FRLI L iz, AEI ARG oK A& ) R AR i S Xt
FEARLAY BT RR A o A A Hh st it 3 B804 ) e it
MRERE SR PR N, ThRert N, LA
REJT RS, PR 7o akde s, XAaes e R it
AR K A, AR /N2 AR A S
SERR G ik — 2P PR B A, [RIE R HEN FERER
FASRE S AR HEAETT T8 5 RV EE 5% S b 5
GRS, RS /NE R, BRI TR
NEHA B o
3.2 HEFEAEXTAERF AR F S FERF

ARG T, W B AE AL B /N2 R
B ENT I WOEE, /N R BE AR,
F W] S 1M NPT BEAAAE A R B B U O . i
MERET , ANC RN A 7= 1 . AR ZERCR R [0
WA 34 L 2 At A R B B vy, X RN LA A 5 4 2R
— o e BA R AT R R AR v IR R R R
FEARPREE SR, e TR DR & AR vh BT — & i g
& o

W e AE R /N . RIEIE ) . REEAT
RGBS i N U R WA 0 % S S =i /3= Uk S
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H T HALAT 45 5R, Bl T8 R R VA
bR QR S I N 5 P b b NN EE NN ) O B R e
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e, BIER R ML RE S R, I, AR bR
NP T HR " &, AR KEWH T &
THOHART K&, X5 2080 i A A 2

A SEAE i e R R, AR PR = ek
A, TEE/NEFRMARTROKE T, KRIFRLE
SRl UK AT e 2 AR AL D TR, B,
TER E WL H AR, DAEE & S PREY - i . 3740
oK A RS BERAR DL, DLZERE R A
1o AWPFEH, BRIL AT RSB 5 AR o
RERA, TIERERE AR T E M, BT SisdE
B BAL R, AT sl i i A 4 S BB A Y
PRI AU,

4 ZhE

5B ACAR L, e it A X /A e B
FR R BN T T RO RO AT L
e, TR AR i IS R N T
ez RACXPFORIEIR O TTHR, 4R 1 E)S T B
B, s BRI FFRLE S 1 DTRR R, EAE S
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