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Effect of adding humic acid to phosphorous fertilizer on maize yield and
phosphorus uptake and soil available phosphorus content

LIJun, YUAN Liang, ZHAO Bing-qiang, LI Yan-ting, WEN Yan-chen, LI Wei, LIN Zhi-an"
( National Engineering Laboratory for Improving Quality of Arable Land/Institute of Agricultural Resources and Regional Planning,
Chinese Academy of Agricultural Sciences, Beijing 100081, China )

Abstract: [ Objectives ] Humic acid has been proved to be able to improve the use efficiency of phosphorous
fertilizers. Research on the appropriate addition dosage will provide scientific way in reducing application rates of
P,0; through the synergistic effect of humic acid. [ Methods ] Four kinds of humic acid P fertilizer (HP1, HP2,
HP3 and HP4) were made by adding different proportions of HA (the added proportions were 1%, 5%, 10% and
20%, respectively) to mono-ammonium phosphate(P). A soil column experiment was conducted to investigate the
effects of HP on maize yield, phosphorus uptake, P fertilizer use efficiency and the content of soil available
phosphorus under the same P,0O; application rate and the reduction of P,O; application rates (P,O; application rates

were decreased by 1%, 5%, 10% and 20%, respectively). [ Results ] 1) Compared with the normal P treatment,
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the grain yields of the HPs were significantly increased by 4.5% to 13.6% with the increase of added proportion of
HA under the same P,O; application rate. The reduction of the P,O; application rate can lead to the decrease of the
grain yields, but there was no significant decrease while the P,O; application rate was reduced by 20%. 2) The
grain phosphorus uptakes and aboveground phosphorus uptakes of the HPs were significantly increased by 6.0%
to 15.4% and 6.3% to 14.0% compared to the normal P treatment under the same P,O; application rate, but there
were significant differences when the P,O; application rate was reduced by 20%. 3) The phosphate apparent
efficiencies of the HPs were increased by percentage points of 5.9 to 13.1, and the agronomic efficiencies and
partial factor productivities were increased by 26.5%—79.1% and 4.5%—13.5% under the same P,O; application
rate. 4) Compared with the normal P treatment, humic acid mainly affected the soil available phosphorus
contents in 0—50 cm soil layer. In particular, the soil available phosphorus contents of the HPs in 15-30 cm soil
layer were increased by 18.1% to 36.6%. [ Conclusions ] Addition of humic acid shows satisfactory role in
improving maize yield, phosphorus uptake and utilization, and increasing the soil available phosphorus contents
under the same phosphorus input rate (P,Os 0.1 g/kg soil). P,O; application rate can be reduced by about 20%

through the synergistic effect of humic acid without affecting the yield.

Key words: humic acid addition; phosphorous fertilizer; maize yield; P uptake and utilization;

soil available phosphorus
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Table 1 Proportion of humic acid addition and P,0O;
contents in prepared phosphorous fertilizer

% JEHERIEGI (%) P.Os i (%)

Code HA P,O; content pH
P 0 61.04 4.47
HP1 1 60.26 4.51
HP2 5 57.92 4.63
HP3 10 54.14 4.72
HP4 20 49.39 4.89

1.3 Rt

R AR T, ¥ 100 em, NAR 25
cm [ PVC A+, &0 L M 3 em,
AL, 5AHKEEEEM, A B A
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Table 2 Grain yields and yield components of maize applied with different phosphorous fertilizers

b3 TREL TRE (g) KPR 4 (g/pot) AW (g/pot) AR (%)
Treatment Grain No. per spike 100 grain weight Grain yield Biological yield Harvest index
CK 531+£32.50f 320+1.32b 169.7+849 f 297.5+£9.66 g 57.1+1.38a
P 594+ 17.15¢ 345+1.00a 2049+6.36¢ 357.0+16.32 ef 57.5+2.07a
P-HP1 622 +17.02 cde 343+0.69a 2142 +5.67cd 369.4 +10.77 cde 58.0+2.13a
P-HP2 652 +24.24 abc 342+097a 222.8+2.87 be 378.9+6.53 bc 58.8+0.78 a
P-HP3 667 £25.92 ab 33.6+0.81 ab 225.6 +4.35ab 3842+7.74b 58.7+091a
P-HP4 687+ 3821 a 339+1.60a 232.7+2.61a 399.8+3.67a 582+0.31a
F,-HP1 658 +30.35 abc 33.0+1.24 ab 2169+797¢ 371.8 + 14.16 bed 584+1.06a
F,-HP2 643 +49.93 bed 33.4+1.71 ab 214.6 £8.07 c¢d 364.9 + 6.98 def 58.8+1.83a
F,-HP3 616 +25.38 de 33.6+1.08 ab 207.1+7.17 de 360.8 +5.10 def 574+1.72a
F,-HP4 599 +15.78 ¢ 33.4+0.88 ab 200.1 £6.53 ¢ 353.1+742f 56.7+1.62a

1 (Note ) : P-HP1~P-HP4 3|3/ S5 B /K T A [ AR BR 4 RGR) LU B A9 B AE. Represent phosphorous fertilizers containing humic
acid of 1%, 5%, 10% and 20%; F,-HP1~F,-HP4 4} 5|38/~ 2 AR BT AS [RJE FE R 55057 e il OB IE Represent the same fertilizer input using
the phosphorous fertilizer containing humic acid of 1%, 5%, 10% and 20%; [F)5 5k J5 AN [F F-hEF R A LA 7E 5% K225 1.3 Values followed
by different letters in a column are significant among the treatments at the 5% level. CK 5 P 4371|375 /N it i Filite 3 18 i AT AL B Represent no P

and normal P treatments, respectively.

BEZ A PO, fF A8/ T KPR W AT, (H
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Table 3 P,O; uptakes in different organs of maize applied with different phosphorous fertilizers

LbFg WM P,O; uptake (g/pot) BRI (%)
Treatment FEFF Straw *7ki Grain b 3 Aboveground PHI
CK 0.24+£0.01d 0.86+£0.03 f 1.10£0.04 f 782+0.96d
P 0.27 £0.02 abc 1.17+£0.03d 1.43+£0.05d 81.5+1.28 be
P-HP1 0.28 £0.03 ab 1.24+£0.03 ¢ 1.52+£0.05¢ 81.7+1.41bc
P-HP2 0.28 £0.01 ab 1.28 £0.02 bc 1.56 £ 0.02 be 82.0 £ 0.48 abc
P-HP3 0.26 £0.01 abc 1.31£0.01 ab 1.58 £0.02 ab 83.3+0.53a
P-HP4 0.28+0.00a 1.35+£0.02a 1.63£0.02a 82.7+0.18 ab
F,-HP1 0.25+0.01 cd 1.19+0.05d 1.44+0.05d 82.3 £0.64 ab
F.-HP2 0.25+£0.02 cd 1.15+£0.05d 1.39+£0.05d 82.4+£0.97 ab
F,-HP3 0.26 +£0.01 cd 1.15+£0.03 d 1.41+0.03d 81.61.07 bc
F,-HP4 0.25+0.01 cd 1.06£0.04 ¢ 1.32+£0.03 ¢ 80.8+1.01c¢c

 (Note) : P-HP1~P-HP4 435Il 3R/m SRt /K V- T A7) A R M 240 49 19 BEHE Represent phosphorous fertilizers containing humic
acid of 1%, 5%, 10% and 20%; F,-HP1~F,,-HP4 437l &7~ 35 AEURE FH i T R IR AR R 3 3567 L5 A B I Represent the same fertilizer input using
the phosphorous fertilizer containing humic acid of 1%, 5%, 10% and 20%; [RIZ1 %54 5 AS [F] A R A BRRIZE 5% /K22 53 13 Values followed
by different letters in a column are significant among the treatments at the 5% level. CK 5 P 435132/~ ANt 4 A1 it - 38 i AL AL 2 Represent no P

and normal P treatments, respectively.

* 4 TERTERERRB RN ERBEF AE
Table 4 Phosphorus fertilizer efficiencies of maize applied
with different phosphorous fertilizers

FIFIAER (%) RFHCR (ke/ke) ™1 (ke/kg)

Triftfnﬂent Recc?very Agror.lomic Parti'fll '
efficiency efficiency productivity

P 22.1+£3.22d 23.4+424f 136.6 £4.24 f
P-HP1 28.0+3.28 ¢ 29.6 £3.78 cde 1428 +3.78 ¢
P-HP2 30.5+ 1.39 be 354+191be 148.5+1.91 cd
P-HP3 31.9+1.37ab 37.3+£1.57ab 150.4 £ 1.57 bed
P-HP4 352+1.10a 419+ 1.74a 155.1+1.74b
F,-HP1 23.1+3.51d 31.8+5.37 bed 146.1 £5.37 de
F-HP2 20.4+£3.76 de 31.4 £5.66 bed 150.6 £ 5.66 bed
F,,-HP3 23.0+244d 27.6 £5.31 def 153.4+£5.31 be
F,,-HP4 18.0+2.67¢ 253+ 544 ef 166.7+5.44 a

H (Note) : P-HP1~P-HP4 43> B3R 5 /K A [ g A

PR 38 355 LB B B A Represent phosphorous fertilizers containing
humic acid of 1%, 5%, 10% and 20%; F,-HP1~F,-HP4 73 |3~ %%
REREFH £ T AS 7] J85 A R 48 2559) LU A5 9 B B Represent the same
fertilizer input using the phosphorous fertilizer containing humic acid
of 1%, 5%, 10% and 20%; [R5 EJE A 76 Fs AbBIBIE 5% 7K
F-2 5 B3 Values followed by different letters in a column are
significant among the treatments at the 5% level.
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AR IO i, B P AR 24.4%~
24.8%, P-HP1 1 P-HP2 A JC & #5484k s WiqfE
50—90 em )2, Atk Ak 3L a) - I AR G
iR
24 FEMERATLERVUMSEKTE. #HR
WE R XM ST

& 6 Al 7E%EwE (P,O,) BRI T, EXK
Ry i b AR R A R AR . FPRLEE
Wi 5 0—30 om 2 HUKEE & AR OC MR,
1 0—30 cm + 2 HHE S RS EARPR T R M
BRI B APRLBE M S SRR R S TEARG, 5
AT B I W i S TEAROG, (HORAROCHEAR 3 7R
A~ 0—90 cm + 2 HURE & i 5 FORAPRL S . ML
BRI S . FPRLBE MO RS AR A A G
PE5 0—30 cm LJEZHAZERL, H)Z 0—30 cm 12
A MR B A EPEZ R F 0—90 em 2, H 0—
30 om 2 100 5 A A M R T AR SRS 0—
90 cm /)2,
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x5 FHEM A TRERNMNEN IR S S0 (mg/ke)
Table 5 Soil available phosphorus contents affected by different HA proportion under the same P,O; application rate

+Jz Soil layer (cm) CK P P-HP2 P-HP3 P-HP4
0—15 6.18=0.11 ¢ 10.90 + 0.87 b 10.94 £0.21 b 1311+121a 12.83+0.88ab  12.43+0.93 ab
15—30 8.16+0.58d 13.70 £0.42 ¢ 16.18 £0.28 b 18.72+0.74 a 17.62+045ab 16374070 b
30—50 6.14 + 0.46 abc 5.36 4 0.43 be 527+0.11¢ 6.39+0.76 ab 6.69+0.67a 6.67+£0.42a
50—70 577+0.64a 455+0.07b 4.80+0.50 b 5.01+0.23 ab 5.07+0.70 ab 474+037b
70—90 524+0.67a 438+028a 499+039a 49240862 479+£050a 493+£053a

# (Note) : P-HP1 - P-HP4 435Il 2R SRt /K 7 T ASa] EAB R 1 2450] 49 (1) 5 HE. Represent phosphorous fertilizers containing humic
acid of 1%, 5%, 10% and 20%; [EFTEIE G A E TR AL BRIBITE 5% /K225 8 3 Values followed by different letters in a row are significant

among the treatments at the 5% level.

*6 TRIRALBREMMSESENRTE, BHRWENEXMYE (D

Table 6 Correlation coefficients of soil available phosphorus contents with grain yields and P,O; uptake of maizes

L (em) ki ik TONBC AT BB FPRLBR I i

Soil layer Grain yield Aboveground P uptake Straw P uptake Grain P uptake
0—30 0.9569" 0.9620™ 0.7976 0.9604™
0—90 0.9485™ 0.9404™ 0.7305 0.9392"

H (Note) : “*” FIRTE 0.05 KFWEMIE, “*=7 FIRTE 0.01 KPR ZEAIE “*” Correlation is significant at the 0.05 level and

“#k” correlation is significant at the 0.01 level.
» N
3 e

FoE EL A, Wl I s i 2 A B AT
PER/INE C EOK L KRS, BRAESEAEY e A A
FHRUs 20 RS, B — i T ) B AR R VS N it
B BRI B 1%~20%), 7650 &
M, X ERHE R = 80), Aot S
JE AR TR VS Nt 2 TE AR DG, U B 0 i A R N i
AT 3 MR AR AL, (RS AT & LB 20%, 4k
SEAR RO, AR — 05T . e RS
R A2 A A i R 0 D 20% I, R KRR e S
A AEAE BL O A (38 FAAEG, U3 AR P 0 A 1 348 55 1
FHUR B IE it FH 52 20% Z2 A )2 PTATAY . 3 XA I
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