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1.1 Ry

5T 2016 4 10 H & 2017 4 6 HAE 1L AR Z 2l R A R B AR X B8t (117°13'E, 36°20'N)
HHAT o AR IRE B L AR A R AE R R X R B8 [ iR 36 2 b 0~20 e #F 2 L33, L IESRAUNERIE, fEh
[ 388 2 45 2 b o3 1) B 1E kA 1 (Typic Hapli-Udic Argosols) o 383 AR B M 5y AL 12.10
gkgt, ©%& 0.66gkgt, AR 72459kg™, AR 9.459kg™t, 4 0.32gkgt, AR 1350 g kg™,
R 92.32 g kg™, pH7.83 (huKE: 1:25) .

BRSO “BEEE 227, AE Y 239d, TORLE 40 g.

AR — 8 (N 17.2%, P,0s44.0%) H 1= AE BT & 250R] 1 X TR S50 2 R /N R AL BB A T
i, AN 0.5%f ik 5.5% KA. MM A BIRE (N 43.2%) A& IE RS TRER K0
HIRAFAEF; WEBRBR (N 2.0%, K0 3.0%) HilAEAESIERERSE AR R HAapekbhm
BEIEPR 2 (N 46.0%) . MR —%% (N 18.0%, P,0s46.0%) A& kAT (K0 60.0%) .

B AN L%, ¥ ES 30cm, & 36cm, ARV 1kg, AT+ 19kg. NEFEEEMN
INFE 45 R CR 2R 98%) , HIT R I REA TS 48 36 1 7. 2016 4F 10 A 19 H i, 201746 H 4
Fcik. ZRARIGE T ob, i (@ ) B 42 i) 2k 06 1 09 5 /K R S 7 ) /K B 60% LA
RO BRI e R e R B AT, A S P A A A TR A [

1.2 R

RIS 9 MEFE, 518 D BEEEXNIE (CKD 5 2) WHUBBEALE (P) 5 3) WU ILERE 20%
(P80%) ; 4) ELIEREIR — 4% (CP) 5 5) EIEBERR I8 20% (CP80% ) ; 6) 5 K i I AL e 3 55 R (P+FA)
7D WAL 200680 i B HE (P80%+FA) ; 8) MM AL i B RE (CP+FA) ; 9) fUERER
TR 20% B0 R (CP80%+FA) o H bR E K 4 K. A AL HE N-P,0Os-K,0 H fEH4 1 225-150-75 kg
hm2 i N, 8B 2006040 31 4% 18 225-120-75 kg hm?, 32 i i Ab J9 3 g 1 FH A 45 kg hm™®. 78R 06 i i
B SESINRE . HEBR BB IR —Eeh BRI R TH0,  0 UR R AR G e PR 25 1 ) 1 R A5 A B 5 R
R SN 600610, 42 A A R 3 PR A, BT IERHB R G — Uk S i
1.3 Hm¥EE

SRR [R] 20 1) T 2016 4F 11 H 16 H, IBRHH#A 2017 43 H 12 H, $h15i#H 2017 %4 H 6 H,
FFAEHA 2017 455 H 5 H, R 2017 426 H 4 H o BT ATE /N RERR R 510 2 £, REFIARE 0~20
cm, TEEFRRAEW SR E. RIEAAKT, B, 2l 2 mm F10.25 mm §i SRR .

INFESERINE, REARFEAT A N2 HERLE T4 6 105°C 447 15 min, AR5 E 65 C ot T a8,
S5 B L BE AT AR
1.4 HRNEFZE

343 2B & 0.5 mol L BURRIR AN Ie— AR ET L (R I E . 333 & M 1 mol L B
R R—KIAC RN E s 1458 pH {25 CO, /KIL MK 1Ltk 2.5:1 i 4g—pH THIE ;s fEMR 28 & Bk H
H,S04-Hy0, B A B — AR BT L kil 8 ;. HIEEHLE S B 0.01 mol L™ CaCly 3242 UK+ 10:1) , 3%
SRS /T (SEAL, AA3, FEED MIERIEHEH NOs-N Al NH,-N &5 Y bt gt A&
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R A& A (SPAD-502, Minolta, H AW o 3818 B iC 5% K A EC-5 133 /K /3 &1 4% (S-SMC-M005,
Onset HOBO, ) . JE{L&#: (S-THB-M008, Onset HOBO, [H) FH%#E, HOBOH21-USB %!
B SRAE B HEAT BOE S B2 40, A0 s 1A1RE 9 30 min vkt A IERE R 35 0 B TBURHAE R 25°C i KIR R
BT E .
1.5 BEESH

58 24 73 B R FH Excel 2016 A1 SAS 8.2 AP AT AL BRI GE 1734, AN [RIAb 38 18] SR F PR 3R 07 22 23 i

(One-way ANOVA) , K XS 2 (Duncan) #E47 2 B LA 36 & AbFE - H{E7E p<0.05 /K P25 i 1

B R USGRIR L (%) =FPHL I B B/ R W B 5 < 100

BEAEAR S FIH 2 (kg kg™ = Rt DXORPRE P B AN DOFPRE 7 8D /it

B A 7 ) (kg kg™ =B IX 75/t o

BEAERIH 2R (%) = Cilaab B i R AR - A il A B fE RANE) /iaff & X 100

2 45 B

2.1 BLIREARBSR S BERUFE

1E 25 CEAKIRAR SFAT T, BUBERERR SR 2 B “ L B (& 1), B BOR IR (24 h)
53914 0.289%H1 1.07%, i R ERENERLE SAREER . B 10 d TR RIS REIUNIRI T, B BRI
3 5.97%. %K 10.28%; BJ5 10~28 d JyFr 7 FERUI Y], Lhp BRI 3% 53.31%. %K 76.36%.
HEEUIERIEE . B IR 42 d RBVBBER 71 62.21%7F1 100.0%, v, @R BEBURIERT & 2R ILRHE Sbx
HELIER
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FEyBEIEE Nutrient release rate (%)
N
o
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1R I [A] Extracting time (d)

7E: DR: B R0 BRIREIR ; AR: RABVREINE; P: #; N: % Note: DR: The release rate at different incubation time intervals;

AR: Accumulation release rate; P: phosphate; N: nitrogen
1 BB~ 25 CIHIR /K IR BE SR E
Fig.1 Nutrient release characteristics of coated diammonium phosphate in static solution at 25°C

2.2 BRRHABECHE BB RERT/ N B R B A E RSN

CLRBETERR — 4 5 B B RR MU AL BCATLN /N 22 7 B S HEM B SR AFAE AR RS (R 1) o S5 2%
K, CP AbFE%: P ALFEINF" 7.7% (p<0.05) ; CP80%ALFHHL P AbFHIE = 7.2% (p<0.05) , 4Rifii P80%4b
BUEL P ALPRE™ 9.5% (p<0.05) . M4, SEBEEFIE TS P ACBEAHLL, CPALBETR /MR THIE . k%L
A AR BB T 2.8%. 6.6%A01 2.7%. “EBEELMFT, P ALEL, P+FA ALPENE™ 5.1% (p<0.05) ,
CP+FA KLHIHE ™~ 24.0%. SEBEEEAF T, 5 P ALBARLL, CP+RA K3 T /N3 i TR F AT SR 4 42
7 13.2%41 5.6% (p<0.05) .
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Table 1 Yield and yield composition of wheat relative to treatment
B P o A

Sk o iy RE B Tk Xl A -
sl #A "%qi_ﬁ% Increase yield Aboveground i }r\.l‘ x . ﬁ)(ﬂ”#[. FERLEL
Grain yield . 1000- grain weight ~ Number of spikes .
Treatment (g pot?) than P treatment biomass © ) Seeds per panicle
(%) (g pot?)
CK 78.9f -20.12 267.6e 47.23b 83.5b 43.5de
P 98.7d — 273.8ed 49.50ab 85.0b 46.4abcd
P80% 89.4e -9.48 276.7ed 51.43ab 84.0b 43.6cde
CcpP 106.3ch 7.70 280.8cd 50.88ab 87.3ab 49.5a
CP80% 105.8ch 7.22 284.3bcd 50.05ab 88.0ab 42.3e
P+FA 103.7¢ 5.10 293.4ab 47.83b 85.5ab 45.9bcd
P80%-+FA 109.1b 10.55 291.9abc 55.08ab 88.0ab 46.9ab
CP+FA 122.4a 24,01 297.0a 56.03a 89.8a 46.8abc
CP80%+FA 103.5¢ 481 288.5abc 52.3%ab 85.7ab 49.5a

AL A B S R AL B s PBOY%+FA: 7 MM HE S 200000 e B S R AL B ;  CP+FA: (0L — 4R e i S IR AL s CP80%+FA: IR IR — 41
1 209600 i 4 SRR AL T . 3% Y [RS8 J5 AN A 3 RER R AE 0.05 /KT EZ R B3, TR Note: CK: Control; P: Full-dose (150kg P,0s km®) diammonium
phosphate; P80%: Reduced-dose diammonium phosphate (120kg P,Os km™); CP: Coated diammonium phosphate (150kg P,0s km); CP80%: Reduced-dose
coated diammonium phosphate (120kg P,Os km?); P+FA: Full-dose diammonium phosphate plus fulvic acid; P80%+FA: Reduced-dose diammonium
phosphate plus fulvic acid; CP+FA: Full-dose coated diammonium phosphate plus fulvic acid; CP80%+FA: Reduced-dose coated diammonium phosphate plus
fulvic acid. Means followed by similar lowercase letters within the same column of each item were not significant in difference at 5% level. The same below
2.3 GLRRTAAREC ht S R BT /N REAR = = F B = a2 i

PR FH 2 3 B e TR B I R F R 338 IERHEE i 3R 2 iR M0, 8R4 1F . CP. P+FA &b
AL P ACBEREAE MR R A3 T 9.14. 9.74 N E 4, BRIE S ZRR 22 38 0T 38.2%- 25.3%,
WRAE 40 2E = D I IN T 7.7%. 5.1%. R 20%Hf, CP80%. P80%+FA KbHHE: P AbFHALAL 24 ZF
4yl 19.88 H1 18.53 NA 43 A, BEAE MR 2R FH AR 73 70 6 0 69.8%. 90.7%, WL 421w A= 7
43 N 34.0%. 38.3%. 5B FIRME 20005514, CP+FA Fl CP80%-+FA kb Hif P AbHE 242 AR F| FH 4
RS 17 F1 1154 AN 53, B CP ARER B AL 4 Z=R] ] 2242 15 7.86 AT 2.40 N H 7 A

*®2 AR NERNLFFAR

Table 2 Wheat fertilizer use efficiency of the season relative to treatment

AbEE Treatment PUE (%) APUE PAE (kg kg™) PPFP (kg kg™) PHI (%)

CK — — — — 151

P 7.99 — 4.74 23.57 1.63

P80% 15.27 7.28 3.13 26.68 159

cP 17.13 9.14 6.55 25.39 155
CP80% 27.87 19.88 8.05 3158 1.42
P+FA 17.73 9.74 5.94 24.77 176
P80%+FA 26.52 18,53 9.04 32.59 1.95
CP+FA 24.99 17.00 10.41 29.25 1.84
CP80%+FA 19.53 1154 7.34 30.87 1.65

Phosphorus use efficiency; /APUE: Percentage points increased over P treatment; PAE: Phosphorus use efficiency of agriculture; PPFP: Partial productivity of

Phosphorus fertilizer; PHI: phosphorus harvest index

http://pedologica.issas.ac.cn



E
Acta Pedologica Sinica

2.4 BLERBEPNEC M BB ER YT /N A I RIS
0, IS Tt L Gt 25 B A BT N2 2 R U s AP AE A RIFEFE (P52 (% 3) o CP. P+FA. CP+FA AbFE%EL
ST P ACER AR 2 A N 6.3%. 1.1%. 22.5%; I 20%HT, CP80%. P80%+FA AbFRZFFUN a3 %L P 4b
R IR 8.54%F1 10.42% (p<0.05) , {H CP80%+FA AbFRILZS 5 P ALFE T
% 3 PRI N EZ5F

Table 3 Economic benefit of wheat relative to treatment

_ é’é&??ﬁ(ﬁﬁ , % p g
KEFE Treatment Economic benefits (yuan hm™) Increase income
Tl CNF LI NI than P (%)
CK 15 829f 2756 493.5 12579d -16.23
P 19 816d 4306 4935 15 016¢ —
P80% 17 935e 4012 4935 13 430d -10.58
CcP 21330ch 4868 493.5 15 968¢ 6.32
CP80% 21 245ch 4449 4935 16 303b 8.54
P+FA 20 824c 5139 493.5 15191c 1.13
P80%+FA 21905b 4823 493.5 16 588b 10.42
CP+FA 24 572a 5678 493.5 18 400a 22.48
CP80%+FA 20 767c 5259 493.5 15015¢ -0.06

FE: Tl SUCES; CNF: Rkl2e: LI FIT%: NI iikes. IR mintan, N3 2409 yuantt; JRE 1624 yuan t*; 5BERE 2 369 yuan t
TR — %% 3 045 yuan t™; CUIERERR 4% 4 045 yuan t; 504641 2 537 yuan t™; #EFETRRIERL 1 999 yuan t 52, FEFh. A AHE . W3iss BT 2R K 493.5
yuan hm?, Jih 2% H] 8 979 yuan hm?, WIEHEE. &2, 7. JAbAPkl Note: Based on the current mean market price, TI: Total income; CNF: Cost of P
fertilizer; LI: Cost of labor; and NI: Net income. Data in the table were calculated based on the current mean market price; Wheat: 2 409 yuan t*;
Controlled-release DAP: 4 045yuan t*; DAP: 3 045 yuan t*; Urea: 1 624 yuan t™*; Controlled-release urea: 2 369 yuan t™*; Potassium chloride: 2 537 yuan t*;
Fulvic acid: 1 999 yuan t™; Labor cost for seeding, filed management and harvest: 493.5 yuan hm 2 and Other costs including those for machinery, irrigation,
pesticides, insecticides, seeds, and other materials and expenses: 8 979 yuan hm 2

2.5 BLEARACHE R ELXT TIRFF KRR pH BS2E

AR P S B 0 280 /N 22 B R e A EE A P, Rt P 5028 1 A P - e A g f
ERE 7™, AN B Ak XN A R A Ry B, M RRIE I AR T R A
(£ 4, HIEWZSAMAT UGS, HEA NS B LIl KGR IR ER B . EhZ Tk
S CEHD , P+FA. CP+FA ACFRECEERE P ALIE 3547 20885 43 7 B9 16.2%71 40.1%, CP ALFEEL P Ab3#
I A S BN 15.0%. YR 20%4% 1, CP80%. P80%+FA. CP80%+FA Ab¥HAL P Ab¥H A Afik & i
SrHIBEIN 8.7%. 26.1%. 23.7%.

RNCAE LI P e R R RS FEON SR, S ENESR . DR MFHSEEY, ARt
BEAL PN TIPSR MBS R S ELEELW, e/ NEBENMEEFINARKT R WNER 2
FRAHTN R & B BTG PR, ERE YT s B . fEN IR i KBRS GOl aiE
PR — A AR RN IN B R AL BE O AL U M vy T IR — B A P S O TR AR B . ARG 2R T
b PR - OSBRI S . AR I /N R ) B R AR, &AL ]
TREESR.

3 pH R E A A AN E BRI ER, R R L R R A TS O R PO, AE
INERANAFW], pH RIS FRCE THS A RRRAE S . IR T ] 4 pH 7 &AL P R 2 R AN 2
T, SRR T, CPy P+FA fil CP+FA AbEEHE P AL 3 135 pH 43 AP 1 0.1, 0.06 1 0.15 M HAL;
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TRAESARI Y, SRR, ININBUR IS 5 pH BRSNS i B AL B P AR
F 4 TRLELEF SRR

Table 4 Soil available nutrient status relative to treatment

L F e e RAR B R
pH Auvailable phosphate Nitrate nitrogen Ammonium nitrogen Available potassium
Growing period Treatment (mg kg™ (mg kg™ (mg kg™ (mg kg™
HH CK 7.21a 37.5e 110.7a 10.0c 106.4c
Seedling stage P 7.26a 41.4ed 114.3a 14.1bc 142.6a
P80% 7.24a 42.1de 115.6a 12.9bc 122.6¢c
CP 7.21a 47.6¢h 112.1a 16.3ab 125.0b
CP80% 7.36a 45.0cd 112.4a 15.9ab 121.0b
P+FA 7.22a 48.1ch 116.1a 13.8ab 133.6b
P80%+FA 7.31a 52.2b 116.8a 16.3a 131.6b
CP+FA 7.33a 58.0a 116.8a 20.8a 128.4b
CP80%+FA 7.33a 51.2b 114.6a 21.3a 128.0b
1B CK 6.98a 37.5¢ 136.7ab 8.6a 102.9a
Returning green P 7.01a 60.8ab 136.0ab 10.5a 104.5a
stage P80% 7.04a 58.5b 133.9a 9.8a 103.6a
CP 7.03a 57.3b 139.2ab 8.9a 99.5a
CP80% 7.01a 64.1ab 138.7a 7.9a 98.8a
P+FA 7.01a 63.7ab 132.0b 9.1a 103.4a
P80%+FA 7.02a 71.8a 133.5ab 9.7a 98.8a
CP+FA 6.87b 71.0a 133.4ab 10.9a 99.0a
CP80%+FA 6.82b 64.3ab 135.3ab 8.3a 99.3a
$ATH CK 7.72a 33.3d 22.9a 7.0a 96.3a
Jointing stage P 7.63ab 44.6¢ 26.4a 7.6ab 93.4a
P80% 7.56bcd 42.0c 24.0a 6.5b 90.1a
CP 7.52cde 41.3c 23.4a 7.8ab 92.4a
CP80% 7.53bcd 56.6a 29.0a 6.8b 95.6a
P+FA 7.57bcd 51.0b 26.5a 9.6a 96.3a
P80%+FA 7.42e 50.3b 23.7a 8.1ab 92.8a
CP+FA 7.48de 44.9¢c 25.0a 8.2ab 94.2a
CP80%+FA 7.62abc 42.5¢ 26.0a 11.5a 94.8a
THE CK 7.98a 28.6e 10.2¢ 6.3a 89.1a
Flowering stage P 7.99a 32.6d 18.3a 5.8ab 86.5a
P80% 7.96ab 39.4ab 10.9cb 4.8a 83.8a
CcP 7.99a 40.3c 11.5¢ 5.2ab 82.7a
CP80% 7.88bcd 42.2d 14.6b 5.8ab 82.6a
P+FA 7.84cd 41.4bc 11.0cb 4.8a 82.7a
P80%+FA 7.81d 43.2a 12.2c 5.2a 84.8a
CP+FA 7.93abc 43.5ab 10.8bc 4.8ab 85.8a
CP80%+FA  7.91abcd 41.6bc 14.6b 4.1b 84.2a
B CK 7.62ab 28.0e 22.8¢ 3.3a 79.3a
Maturation stage P 7.70a 48.2b 41.9b 3.2a 79.5a
P80% 7.51bc 40.3c 36.6ch 3.5a 77.3b
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CP 7.64ab 49.4b 79.0a 3.3a 8l.1a
CP80% 7.62ab 53.9a 51.0b 3.2a 82.8a
P+FA 7.56abc 43.3c 38.9b 3.8a 78.8b

P80%+FA 7.45¢ 35.3d 46.0b 3.2a 87.0a
CP+FA 7.43c 43.1c 40.2b 3.3a 84.5a
CP80%+FA 7.23d 37.2d 35.1cb 3.4a 78.9a

2.6 BIEMEERERRIR N EkE . HERRENESENE

MEEEAZ IR, A3/ N OB =, MR B /N e A b s (B 2a) o S5 2%
R, W CP. P+FA AbFREL P ALFE /3 v T 5.4%41 3.3%; IR FF A SRR ALF ) 2= R B2, T
163, CP. P+FA. CP+FA AbHR%G P ACFE S I3 5 4.7%. 6.0%F1 4.7%. 8 20%4614 ~, #ubF 54
BEACPETE W35 22 5 /N EEIE R AR B RIS S S PSR (B 2b) o IRER, CP bFiE P
Ab PR ISR ARG B I N 8.2%: WAL ORI, S AR SR EAR S B E R AR

0 r -o-P -o-P
—O—CP a 80 r —0O—CP
---A--- P80% ---a--- P80%
—a—CP80% A __ = —2— CP80%
---@---P+FA = YT s ---8--- P+FA
=70 L —&— CP+FA ] —&— CP+FA
5 ---A--- P80%+FA 2 ---A--- P80%+FA
= —a&— CP80%+FA o 70 —a&— CP80%+FA
= --0- CK o
(5] c
= 2
- oy
s 50 s
- o
2 e L
= =
30 =
&
E‘\%
=
10 1 1 1 ) 50 1 1 )
Hi) 1575 ) P FHAE A HH 1R 75 1] T ) THEH]
Seedling Returning Jointing Flowering  Maturation ~ Seedlingstage Returninggreen  Jointingstage ~ Flowering stage
stage green stage stage stage stage stage
2= & W Growing period A W) Growing period
Bl 2 ARGEENERE (@) « HTHESEAERTEE (b &k
Fig.2 Plant height (a) and content of chlorophyll (b) of wheat relative to treatment
N N
30 i

3.1 BULARFAES — SRS BRI

BB RERNE AR H AL A SERHURL SN2 A BT A H IR B, SR IR BRI 8], 25 5 T
KRR P, BRI TS, EHOKREBE R TR R, ERIERHE, B
VORI, BB AP K IR T, B, FRon Bt BERL I AN 8, B EFRMREEE R P . AT
A L BT 1 SR U R B 2 — o B B 6 8 5 W e B R, B — s (TR ke, BB 9%
T RETBUBA T K LSBT I R, AT LA, IR 1 IR BT, BRI, 7R AR B TR AR N R Bl /e “L”
RUMFRAREGFE (B 1) o AR, MR T EREROBIERNRIE “S” BIANRBURHER, X
F T G e T 2% PRI B AT AL R B R AN, TR R s ), S 1 LR A e g,
BEAR 7 ORI REROR . AR, CRBERR —HAAE R BEIR PR R ZE S R (18 1) R 7 L8
P o ARSRAIEGrnT Cc 25 AR — A AR L] 22 (R AN B AL ) SR AR I W i S B T LA i R 70
RETRERE M R 2t — DT
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3.2 EURERSER RN E R M IR R AR

AN R TS IUOOE R, BT e 3 BRI LT RO B SR AR ) M 24
SRR T 2 SR P01, BRI, 6 /NS A SN WO ELT 1 o S RS, UM
A 5 T RS, S8 HL I S RS L R PO BRAR LA B KA R . AR L . RIS
SRR, BAR A, Bk B RO R ST SO S, TR BB IRRIAT 3. 25°C %
PR, LIRS R 7ES 10~28 IR FE SRR (P 1D L R B ERF R B S A
R, WEBSRIGTNIEER, RN BE, AR (1) . AR SR R
M55 25 CHRIRLBE TR A M55, AR P R /N2 7 T30 N 10.0°C, A5 fh ik 3
Fim, ST R A EEHRRE, K, BAEREIIITH AR <EC, RIS IR 75 R
VIO HEZS i, R R MR L B, i 2 A K B GG — B 7 A BN B 2 A
FRAOEIIFA TR, AR F, BERRHORE 20064080, NP~ BB A BB 9.48%,
R T TR A — SRR 2006 % R B ALFIL A 7.2296 , B/ G B TR B — SeUmk o 20064 FLHM 7™ 16.7%.
B, BB IEE R M & I T BRI  RA SRs 2R T A, RS BB IIR E
BUTE.
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Fig.3 Air temperature variation curve in the wheat season
3.3 RMABEXS LN E = 2L L ZF=F AR
IR — 2 e IR AN 55 RS R A TR 5 o IR A, LA — B s e SRR, gk
S i, BB NIRRT, BN SRR E AR S TSP A A
PSR T BB PR R/ N 22 AT I ORAKBE JT o ASRBG 25 PF T, IR — i PO It 24 J R R I S AL PR v 1/
2778 5.1% (p<0.05) , FREBENEHMAIZE 9.74 N F 70 il KRB 1A ZUHET 1 16.2%, FREIF]RE2 5 E
MR A ThRERI %, FEAFERIE, WyFedhss, Wl P& 7AcHe. a2 MRS 77 s AL 43 b
(O, T ROT AT AR SR 4% A0, RN BT IR S R A R S
RAKTERG, W W 8, MTTHE I 3884 20w 2 6, 3R 1 BB AR 28 o it Y 35 JE3 PR mT b 78 38 SR B i
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3.4 BLARMEES — $RFC M B R ER A T RIS SATL A

B IBERE R — i 0 Tt 5 JO8 TR A B A R PR, — e MR — P It 3 S R AR B 7373 167 15.2% 711 18.0%.
WEVER IR A5 SRR, WL — e 0 5% s E It R JE R LA B 5 TRt P X /N 27 R (R S i 42 12K B A S 25 7K
(p<<0.01) , HAEBLAIIEFIR T BERR — s W IR PE M, RT3 IORCHEAE s B 20%2% 1T
AL AR T It 0 B TR RS /N2 7 B ) RO M AT BB R 25 K1, IR S ELAE D > Ot 3 R A ) > A
F (%5 . Bt 120, 150 kg hm?  (BL P,Os ) MK T T, A0 BERE IR — i 5 3 BRI it 2 2 L
B2 BRI AT, AT BE A BRI AE 33 b R T B2 R BB /K R AR, SRR HA B LR
TARAISR KL, o T R IREE M RALIIR DL, S 7 R E K IRIBRE 0, BRAR TRHZE BB 2, &
T LB AER R 3R R IBCPE RE Y . (Rl A B B R AR E I, AT R TR A
GNERRSGEIACCT . TR ARARI0 (2 PR, BRI e 5 34 A8 IR 14 A 5 A SR 389 2L
i £E FH ) 3E— 2R AIRALE

*5 SRR _HERRERNSENENE T EMRE

Table 5 Effects of application of coated diammonium phosphate with fulvic on yield (g pot™) and significant test
b3 N-P,05-K,0 N-P,05-K,0

Treatment 225-150-75 kg hm 225-150-75 kg hm™2
257 Types of phosphorus fertilizer
PO 101.2b 99.2b
P1 114.3a 104.7a
5 JB L it FH & Dosage of fulvic acid
FAO 102.5b 97.6b
FAl 113.1a 106.3a
BEMRL (p 8)Significance test (p values)
P 0.0003 0.0112
FA 0.0001 0.0011
P>FA 0.0085 0.0003

e PO: ANELE PL: BB FAO: ANHEABEER: FAL: MR SEIEIR. [FIF] bR A= Rk 22 59k 5% 27K Note : PO: Not coated; P1:
Coated; FAO: Not fulvic acid applied; FA1: Fulvic acid applied. Different letters in the same column indicate significant difference at 5% level

4 %5

PO AR IR A IR BRI “L” Y, B BIR RO AR E =, W B 42d BR
PR R 62.21%F1 100.0% . it FH /60, 5 Bl 12— i S AN AT ¢ 9 JR X0 Tk 1) 34 7= 3 Ac 2 s i AER ) FH % ) H
(1), ELUsR 20%35) v] SIS =BG P2 AR s A, A I e Tt P IR Ak I I R B R R —
B it B R PR AL BE R E I 7 15.2%F0 18.0%, FKILH VN FEHGRAER, SL IR AR at T B AR . B
PR e A B R T e 5 S R 1] B B R RN E S AR B A A S, A RS TN R I AR A A
KB IA) IERE Z AL S5R T, W /N2 OB B I IR TR R AT 2RI A — e RRYE, 157 H
EIRIS RN T 8
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Effects of Application of Coated Diammonium Phosphate in Combination with
Fulvic Acid Improving Wheat Yield and Soil Nutrient Supply Intensity

CHEN Qi* LIU Zhiguang™®" ZHANG Min® LI Zeli* QU Zhaoming® YANG Maofeng® SUN Lingli*
(1 National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, College of Recourses and Environment, Engineering Laboratory
for Tranlin Fulvic Acid Based Fertilizer, Shandong Agricultural University, Taian, Shandong 271018, China)
(2 State Key Laboratory of Nutrition Resources Integrated Utilization, Kingenta Ecological Engineering Group Co., Linshu, Shandong 276700, China)
(3 Shandong Quanlin Jiayou Fertilizer Limited Liability Company, Liaocheng, Shandong 252800, China)

(4 Zhongde Fertilizer (Pingyuan) Co. Ltd, De zhou, Shandong 253100, China)

Abstract [Objective] Phosphorus is one of the most important nutrients for plant growth, and increasing
application of P fertilizer has been an effective way to improve crop yield. However, plant available phosphorus is
always relatively low in soil, because more often than not a large portion of phosphorus is bound to or reacted with iron
and aluminum oxides/hydroxides. To solve the problem, one option is to insulate phosphate from soil by coating
phosphorus fertilizer with polymer material. Fulvic acid (FA) is considered to be an effective conditioner for better
phosphorus use efficiency, because owing to its specific physicochemical properties, it is ready to get complexed with
metal ion, which in turn releases desorbed phosphorus in soil. However, so far little has been reported on coating
diammonium phosphate and applying FA as its amendment. This paper addresses effects of coated diammonium
phosphate (CP) in combination with lignin-based FA on wheat (Triticum aestivum L.) yield and soil nutrient supply
intensity, in an attempt to provide a scientific basis for proper usage of P fertilizer. [Method] A pot experiment was
carried out to explore effects of combined application of CP and FA on wheat yield, yield composition, chlorophyll

content, plant height, SPAD, soil pH, and phosphorus use efficiency. The experiment was designed to have eight
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treatments, i.e. Treatment P (application of diammonium phosphate (DP) at 150 kg hm? P,Og), Treatment P80%
(application of DP at 120 kg hm™ P,0Os, 80% of the rate of Treatment P), Treatment CP (application of coated DP at 150
kg hm? P,0s), Treatment CP80% (application of coated DP at 120 kg hm? P,0s, 80% of the rate of Treatment CP),
Treatment P+FA (application of DP at 150 kg hm? P,0s plus FA) , Treatment P80%-+FA (application of DP at 120 kg
hm? P,0s plus FA), Treatment CP+FA (application of coated DP at 150 kg hm? P,Os plus FA), and Treatment
CP80%-+FA (application of coated DP at 120 kg hm™ P,Os plus FA), of which the first two were set as control. [Result]
Results show that wheat yields in treatments P+FA, CP and CP+FA increased significantly by 7.7%, 5.1% and 24.0%,
phosphorus use efficiency by 9.14%, 9.74% and 17.00%, respectively, and economic benefit by 6.3%,1.1% and 22.5%,
respectively, as compared Treatment P, whereas wheat yield in P80%+FA, CP80% and CP80%-+FA increased by 10.6%,
7.2% and 4.8%, and phosphorus use efficiency by 19.88%, 18.53% and 11.54% as compared with Treatment P80%.
However, economic benefit increased by 8.9% and 10.5% in Treatment P80%+ FA and Treatment CP, but decreased by
1.10% in Treatment CP+FA. Both of CP and FA improved soil available phosphorus during the whole wheat growth
period. At the seedling stage when phosphorus was critical to wheat, soil available phosphorus increased by
16.9%~24.0% and 21.6%~40.1% in Treatments of P+FA and CP+FA and by 15.0% in Treatment CP as compared with
Treatment P, whereas it increased by 8.7%, 26.1% and 23.7%, respectively, in Treatments P80%+FA. CP80% and
CP80%-+FA as compared with Treatment P80%. [ Conclusion] All the findings in this experiment demonstrate that
application of CP in combination with FA as basal could significantly raise soil available phosphorus supply intensity at
the critical period of wheat, and consequently improve wheat yield, phosphorus use efficiency and economic benefit as
a result of their synergistic interaction. This practice has a great potential for large-scale extension to satisfy the
increasing demand for controlled-release fertilizers because it is cost-effective and environmentally friendly. However,
due to certain limitation of the pot experiment, a long-term field experiment and further studies should be done to
explore synergistic interaction and mechanism of the application of CP and FA increasing yield and phosphorus use
efficiency.
Key words  Coated diammonium phosphate; Fulvic acid; Yield; Economic benefit; Fertilizer use efficiency
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