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R T20164E10 H 220174F6 A 1R IL AR B 8%
MR AR KA X AR K v, (117° 97 48" E,
36° 9" 40"N") AT, M A AR R
R IX B BT R iR 56 20 ~ 20 em P2 3, +
Hem ot EhE IR RGO TR E
A+ ( Typic Hapli-Udic Argosols ) . f3EREA
FRALPER . AALE12.10 g-kg™', 2%00.66 gkg ™,
AR 72.45 mg-kg™', #AR9.45 megkg', LW
0.32 g-kg™', HAWEL13.50 mg-kg™', WM
92.32 mg-kg™, pH7.83 (t/KHI1:25) .

BEI AN SRR PR AE227 , AEE 1239
d, THIE40 g,

P A R R — 4% (N 17.2%, P,05 44.0% )
phy I 5 5 v A5 R ) R TR I G R N B
AR TR, WM B0 S%AN S5 5%RA
B o HEUH AR AP BE IR X (N 43.2% ) A4 IE
RAES TRER ARG AE; 55 R B0k
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T 25 2 ) R S kR R e A T ]
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1.5 BBESH
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2.1 BURHAE TR O RRERUFE

TE25 CHKIZIEAMETT, L BERE AR — 4 B ik
Mgk “L” & (K1), B BFESVIREIK
F (24 h) 430M0.28%H11.07%, i 1 2 BRAE R
S brife R L FT10 dh R4 GRS B IR v
W, IR BB K5.97% . B K10.28%; WS
10 ~ 28 AR RERCA I, BL B B Rl %
53.31% . A#E76.36% . HLiANCEBE . A FEm42 d
ERUBTRCR 9 N 62.21%H1100.0%, H, &
BERCRR AT & RN [ S b 1 Bk
22 BEBREERBRSNEFEREMEE
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AR IR — 5 5 B TR i P AL L AR X /N 22 7
FHA N BN e m (R1) o S

ESSNP AR BN AR
100 - —3—PDR —O— N DR

80
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F4y B # Nutrient release rate / %

O =
1 3 5 7 10 14 28 42
EHE W] Extracting time / d

JE: DR: M BRA,; AR: HPUBME; P B
N: % Note: DR: The release rate at different incubation time
intervals; AR: Accumulation release rate; P: phosphate; N:
nitrogen
P A IR — B2 5 °CAH IR # K 35 4 B HURFAE
Fig. 1 Nutrient release characteristics of coated diammonium

phosphate in static solution at 25°C

HAUT, CPAMATPANFREE 7 7% ( P<0.05) ;
CPRO% AL L PAL FIG 7 7.2% ( P<0.05) , AR
P80% Ak FRAGPAL B 779.5% ( P<0.05) . L4,
EWE AT SPAAEA L, CPALFER/NERT
RO R R RO S B T 2.8% . 6.6%
M2.7%. FWa kT, BPAR, P+FAL
725 1% ( P<0.05) , CP+FALLFEIE™24.0% .
GEREEZMT, SPAAFEAMLL, CP+FALEEF /M
2 10 T T R A RO A o g R T 13.2% F15.6%
(P<0.05) .
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Table 1 Yield and yield composition of wheat relative to treatment

| PHIHR lnjt:j » ifijjjfi THE A HORLH
Treatment Grain yiejld than P treatment biomass 1000- grain weight Number olf spikes Seeds per
/(g pot ™) o Hg-pot™) /g p~ panicle
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
Cp 106.3¢cb 7.70 280.8cd 50.88ab 87.3ab 49.5a
CP80% 105.8¢cb 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¢ 4.81 288.5abc 52.39ab 85.7ab 49.5a

. CK: B EAXE; P WML P P8O% .  MUIG LI 20% 40 B ; CP. RLJRERENR —BRALTH; CP80% . RUIEMEMR %%
20940 3 P+FA B LG NE FObE 35 R Ab B, P8O%+FA : i WU NE sl 20 9% e jta 4 FE AR b #8L; CP+FA . ful IR R — % IO bt I
FRALBE; CP80%+FA: ALIRWERR — Hem W20 % BL it v WAL L. ¢ N R) 51 Bl I AN 1R) 7 R R R TE 5 % K E 28 5w 835, T[] Note: CK:
Control; P: Full-dose (P,Os, the same below. 150 kg-km™) diammonium phosphate; P80%: Reduced-dose diammonium phosphate (120
kg-km™); CP: Coated diammonium phosphate (150 kg-km™); CP80%: Reduced-dose coated diammonium phosphate (120 kg-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

R2  FREALER N E RS SR A

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

Ab B Treatment PUE/% APUE PAE/(kg-kg™) PPFP/(kg-kg™) PHI/%
CK — — — — 1.51
P 7.99 — 4.74 23.57 1.63
P80% 15.27 7.28 3.13 26.68 1.59
CP 17.13 9.14 6.55 25.39 1.55
CP80% 27.87 19.88 8.05 31.58 1.42
P+FA 17.73 9.74 5.94 24.77 1.76
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 11.54 7.34 30.87 1.65

{E: PUE: BRIEMAA; APUE: HPAMEIERSIBIEH AT 2000 PAE: BRIDARZEAAZCR; PPEP: BFILIMA™ )15 PHI:
W Z UK FE 4L Note: PUE: 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

2.4 GEBBREEERI/NEEFHENFN FEAFRBERZNE (£3) o CP, P+FA,
il J55 e TG b M R AL PR XN U A AR CPHFAAL FRAL S5 W P AL B 45 43 Wil 1S 6.3 % |
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1.1%. 22.5%; W#20%F, CP80% . P80%+FA
Ak B 28 50 IR 45 B P AL B3 il 2 R 8. 54 % F110.42%

(P<0.05) , HCP80%+FA PRIk 25 5P Ak 7

T

R3 TRLENEZFNE

Table 3 Economic benefit of wheat relative to treatment

e sepsiile
Kb FE Treatment Economic benefits/(yuan-hm™) Increase income
TI CNF LI NI than P/%
CK 15 829f 2756 493.5 12 579d -16.23
P 19 816d 4306 493.5 15 016c¢ —
P80% 17 935e 4012 493.5 13 430d -10.58
CP 21 330cb 4868 493.5 15 968¢ 6.32
CP80% 21 245cb 4 449 493.5 16 303b 8.54
P+FA 20 824c 5139 493.5 15 191c¢ 1.13
P80%+FA 21 905b 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 15 015¢ -0.06

TE: TI: MEE; CNF: JER#%; LI: AT % NI: Sllss. EYmdismB¥Mm, /%2 409 yuan-t™';

JRE1 624

yuan-t”'; EBERE2 369 yuan-t™'; B 83 045 yuan -ty @B 44 045 yuan-t™'; SZALEI2 537 yuan -ty B R UK
1 999 yuan-t '$155. #ER . AL, YRS H T2 N 493.5 yuan-hm ™, HABZE S 979 yuan-hm™, (LIGHEME ., 425, Fh
F . HAM Kl 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: 4 045 yuan-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™;

and Other costs including those for machinery, irrigation, pesticides, insecticides, seeds, and other materials and expenses:

8 979 yuan-hm™

2.5 GEBEREREERNTIEF R EpHE

A

A A 5 B B A ORI 22 G O R i e B
AEEREM S BRGSO T A T B
A LR RE T o O [t Ak B R N 2 T
A RS R o B, BB B
T EEAREESE (F4) , HAE M ZE
BT DUE A RO i R R KR B
R EmES., /TS ()
P+FA . CP+FAXL 45 % i P Ab 34+ e A %00k 53 i)
HN16.29%M40.1%, CPAbFEAEP A3 1 5 47 %
W EIIN15.0%, W#E20% %14 T, CP80%.
P80%+FA . CP80%+FALLH 45 PAb FHAT &5 &5 1t 40
WIS 7% . 26.1% . 23.7%.

R AE 4 HE rba] B m i % 2 S AL

R, AAE S R MBS R o /N I il S A
Yy, A [ it e Ak LGS - S v i 25 RPN B S R
IR FH W, Al RN BT X AR
oK o M/ B = BN E LR S B R e T
JE AR, 2B ST R R . TENE SR
e RECRW (B, AR B — Ak BLRITES
T TR Ak B O ML L5 ik W e T 3 R ek A
A S X IR FEARE AT, A Ab B
A A B E AW R R . e
T I A /DN A B B B e R RCR Y], 45 Ak B )
TRFEXES

T HEpHIE R M R AR — NN R, [H]
Pt S 5 i B 2R A AR AT S SRR 3 20
TENEZREAA T, pHE I ICREARS T & R AR
FRRE A B IHIRIOR T 4 A S p HE 4% A B 2 ) 2 S
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AN E; WY, FEELAHT, CP, P+FAM 015/t TR R, S8 EAHT, &
CP+FALL FRAZPAL R + 3 p H A A 1701, 0.06F1 o5 TS 2 iy - B p HASS A 4 I 25 T8 6 A 3 FARAIG

R4 TRILE ISR KR

Table 4 Soil available nutrient status relative to treatment

I e | A R | Ek‘j?%&%t %75’51 | & |
Growing period  Treatment pH Available pho]sphate Nitrate n1tr(l)gen Ammonium mltrogen Available pot?ssmm
/(mg-kg™) /(mg-kg™) /(mg-kg™) /(mg-kg™)
T 19 CK 7.21a 37.5¢ 110.7a 10.0c 106.4¢
Seedling stage P 7.26a 41.4ed 114.3a 14.1bc 142.6a
P80% 7.24a 42.1de 115.6a 12.9bc 122.6¢
Cp 7.21a 47.6¢b 112.1a 16.3ab 125.0b
CP80% 7.36a 45.0cd 112.4a 15.9ab 121.0b
P+FA 7.22a 48.1cb 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
IR H W 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
BT 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 7.57bed 51.0b 26.5a 9.6a 96.3a
P80%+FA 7.42¢ 50.3b 23.7a 8.1ab 92.8a
CP+FA 7.48de 44.9¢ 25.0a 8.2ab 94.2a
CP80%+FA  7.62abc 42.5¢ 26.0a 11.5a 94.8a
FFAEW CK 7.98a 28.6¢ 10.2¢ 6.3a 89.1a
Flowering stage P 7.99a 32.6d 18.3a 5.8ab 86.5a
P80% 7.96ab 39.4ab 10.9¢b 4.8a 83.8a
CP 7.99a 40.3¢ 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 12.2¢ 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
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Growing period  Treatment pH Available phosphate Nitrate nitrogen Ammonium nitrogen  Available potassium
/(mg-kg™") /(mg-kg™") /(mg-kg™) /(mg-kg™")
A CK 7.62ab 28.0¢ 22.8¢ 3.3a 79.3a
Maturation P 7.70a 48.2b 41.9b 3.2a 79.5a
stage P80% 7.51bc 40.3c 36.6¢cb 3.5a 77.3b
Cp 7.64ab 49.4b 79.0a 3.3a 81.1a
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 7.45c¢ 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 SRBERERABERINERS. MHEHEE  F; JFEW, CP. P+FA. CP+FALLHIELPAL I}
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Fig. 2 Plant height (a) and content of chlorophyll (b) of wheat relative to treatment
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Table 5 Effects of application of coated diammonium phosphate with fulvic on yield and significant test
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I EVERE S (PfE)Significance test (P values)
P
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102.5b 97.6b
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0.000 3 0.011 2
0.000 1 0.001 1
0.008 5 0.000 3
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coated; P1: Coated; FAO: Not fulvic acid applied; FA1: Fulvic acid applied. Different letters in the same column indicate significant
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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
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271018, China)
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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 treatments, i.e., Treatment P (application of diammonium phosphate (DP) at 150
kg-hm™ P,0s), 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,0y), 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,O5 plus FA) , Treatment P80%+FA (application of DP at 120 kg-hm™ P,O5 plus FA), Treatment CP+FA
(application of coated DP at 150 kg-hm™ P,O; plus FA), and Treatment CP80%+FA (application of coated DP
at 120 kg~hm‘2 P,O; 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
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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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