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Effect of Phosphorus Fertilizer on Maize Growth and Inorganic
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Abstract: High fixation and low shifting ability of phosphorus in calcareous soil often caused low use efficiency
of phosphorus fertilizer in North China. This study examined the effect of different kinds of phosphorus
fertilizer on maize growth and soil inorganic fractions in order to improve the utilization efficiency of P fertilizer.
Pot experiment was carried out with 6 treatments of monammonium phosphate (MAP), superphosphate
(SSP), ammonium polyphosphate ( APP), nitrophosphate (NiP) and ammonia sulfate + superphosphate
(SA+DP). The biological characteristics and phosphorus uptake of maize were measured after 60 days, soil
available phosphorus contents and inorganic fractions were measured as well. The results showed that biological
performance, phosphorus accumulation and phosphorus use efficiency of maize performed as the trend of
APP>MAP, NiP>SSP, SA+P>CK; APP, MAP and NiP significantly increased maize height, leaf area,
ground and root biomass compared with the control (CK) by 23.3~35.1 cm, 57.1~89.0 cm*, 265%~420%
and 171%~218%, respectively. Maize in APP treatment accumulated P 49.02 mg/pot in total with 36.75%
of phosphorus recovery efficiency, which significantly different from 21.43% of NiP and 19.42% of MAP.
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Ca,—P.Cag—P and Fe—P contents significantly increased in APP and MAP treatments compared with the

control, which had significant relationships with plant uptake (»p<<0.001). APP is a kind of suitable phosphorus

fertilizer for maize in calcareous soils, which is important for securing food safety and achieving high phos-

phorus use efficiency under background of reducing phosphorus fertilizer input in farmland.
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WK P I B R 11.6 mg/kg, 2 T E KA T G M
W69 6.2 mg/ kg . W B0 it A 4 398 A B oK P
ELHESE W EOK 9 T 9 o7 SR Wl R WS A B AR R A A
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FOR AL A B R KB ER 9587 (Zeamays L. cv.
Zhengdan 958) s i A1 KM + HEH 7 0] R 24 {12 0 Tl
1B R AE (34°36'06" N, 112°41"49"E) , 1 HE 3L 7 3 4k 1
K pH 8.06, FHLET & & 13.15g/kg, 20 & #0.68
g/kg. BB & & 5.04 mg/kg, MR A S & 71,26
mg/kg. A & 223.61 mg/kg; 1 HETCHLBEL 5
Ca,—P 4.90 mg/kg,Cas—P 144.80 mg/kg,Ca,,—P
260.86 mg/kg, AI—P 60.60 mg/kg, Fe—P 36.28
mg/kg,O—P 95.45 mg/kg.,

HESRAE R . 5 W IR 4% (APP) B IR g 3 AR 3 (1
miR . s RO A RA AR, FHREE S,
BAEHK68% ~T75% (N 18.3% . P, 05 59.1%) ; Al iR
WA (NP H 1l 78 R b T4 A BR A =] 4 1L, 5
FR (N 26.5%,P, 05 11.5%) s BE R — £ (MAP) (N
12.1%, P, O5 61.8% . 43 # 4, 11 €0 & 445 | o 2 &%
(SA) (N 21.0%, 43 #r 4li, 11 €8 & 40 2o B 2 45 (SSP)
(P,O; 16.0%, 43 H1 4li, JK 8 F K. JR & (Urea, N
46.7 % 43 AT 4l 1 0RD L B IE O R 4 (K, SO,
K,O 53.5% - #r4li, A 40 .

1.2 RIEigit

I E 6 NI, AR 4 RE g
R AR E S A BEVLHES . 6 AL 40 . (1)
ANt B CK; (2) B R — B MAP; (3) R B W2 &%
APP; (4) 1 B MR 45 SSP; (5) filf R B B NiP; (6) i B2
Bomad BERR A5 SA+P. {5 i & Wk B 100 mg/
kg - BN 200 mg/kg 1, BRI JE N 100 mg/kg
+ L BRI BN RS SA 4 SSP RS IR B AR NiP Ky
JEFE R AL (R 3 IR F AR SF .
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Fhre fE IR AR PR ZE 24 ho AP A 1 em A4
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PR3 RIS PR - JEAR R AR N AEAR B -
FHBY I T K (1 ZE FEFE 59 W7, &6 7E 105 C &4 F
AT 30 min, 75 CHLT Z{H &, KRG EARAEY .
HR AR TEWE K A7 48 ok O Pk s 4 AR L R WinRHI-
70 B & H 4 & 4 (Regent Instruments Inc., i &
FO KRR R, IRAG B b BHR G X R 1T 4
Br B8R R AERKSHRK RAER WEIED ., A
REE T EEFERBR AR EY & .

T ORAE RS 5 i A U AL A o S
R - SESL RIS BRI 242 R R AL 43T (3 BB )

1.4 HiELIE

B () = (b b 5l 75 # < Ml b 35 T 3+
Hb R R R XA R T ED /1000

B ) P 48 = it AL R A B G — A it 8 A o X
WS /T <100 %

i 56 B0 3G 2% A Microsoft Excel 2016 Fl1 SPSS
(V24.0) 8 AF 3 17 Ab BRI 52 31 43 M7 » Sigmaplot 12.0
BRAEVEE L LSD Bk A7 5 224347 .

2 gR50Wr
2.1 EXREWHFHER

R A5 R (R D RW A K PE 41 T 2 bk
I TE A R IR R T E L R B APP>
MAP NiP>>SSP NiP>>CK Ay #a#, A4 T X} i, APP,
MAP NiP &b P I 25 H& = T K AH Pk A0 B 5 L i 1 AL
AR R T R S R 23.3~35.1 em, i KR
T AR A 57.1~89.0 cm®, ML b ERFIAR B T E 43
B IN265% ~420% F1 171% ~218% . SSP il SA+P
b B SR AERR R B K TR SPAD #8455 % i 25 5
BN AH R T, o SSP N 3.1 g/ 4
SA+P 4N 3.5 g/ %5 MR AR T H SA+P IR 25 T X
HEL38N 1,61 ¢/ 4% . R 5 b Bl K R A R
B YR B APP A FEARE L B E R T
% MAP b Ay Ho Al kb 38, SA+P F &~ 0.45, CK Fll
SSP 430l A 0.42 1 0.36, i 3 A~ Ab BEAR 7 b B 3
# T APP Fl MAP,

F1 TEBE G EREYFEROZ 0

4k 21 Bk /em AL/ em® SPAD Mo bR+ /g WRETHE/g R L
CK 46.8+1.6d 122.6+2.9d 15.240.9¢ 7.9£0.7¢ 3.16+0.48d 0.42%+0.05ab
MAP 77.0+0.9b 179.7+£12.8b 18.640.8a 33.1+2.2b 9.51+0.72ab 0.28+0.02de
APP 81.9+2.0a 211.6+21.6a 16.742.4ab 41.1£0.5a 10.07£0.57a 0.24£0.01e
Ssp 48.8+2.0d 123.046.8d 12.7+1.0d 11.0%1.0d 4.39%0.84cd 0.36+0.04bc
NiP 70.1+5.9¢ 199.1+15.2ab 16.841.6bc 28.8+4.3¢ 8.57+2.06b 0.34+0.04cd
SA+P 46.943.2d 152.5414.8¢ 15.141.0cd 11.4=+1.0d 4.77£0.69¢ 0.4540.04a

TE < [ SRR 5 A TR /NG 5 BE 2 [ — 4 b 4% A B i) 22 7 2% (P <C0.05) . F[A].

HE R AT AT 285 2 (3R 2) 3R W, 5 XF EAH Lb . Jith o A
[Fi) e 348 o R R R AR B 2 1T B, B AR AR B B
Ab R RIARKL TG B 35 PE 22 5% . MAP.APP il NiP 4b 2
(AR TG 35 M 22 5 (L I 35 v T 0 BRSSP I SA+
P 4B, MAP Fil APP Ab B AR K 2 XT BRI 2.84,2.74
. SSP #l SA+P &b 35 %F BAH L, Toig 2 AR K ik
JEMR LRI B R ERER.
2.2 WRERFEREFETEREBSE

T AT LU Y il AR B A AR B A 485 8%
W B A R R RR B L T AR PR - M i B i
o T AR AR B 1 A A0 IR 5 b AE 2 0 4R S AR
B e RO A L, Hoth APP ih B KR B 4 5 0 2w
S, 15 %) 18,35 mg/kg, APP. MAP F1 NiP 3

PRI AL 2+ R PR S R R EH =R AR
F T SSP R SA+P A s SSP FIl SA+P 4b B 45 X}
HE i 2 B Rt AR PR o AR 1 &, 4 il ik #) 7. 78,
8.62 mg/kg. /3 M 140 % F1 166 % , SSP 1 SA+
P A3 5% AR AR b R B & B E RS
£2 AEABESHMMEXRRREKEENEMN

i MARK, MEREEER RERER AL/
10% cm 10% cm® cm? mm
CK 23.91£3.84b  24.39%3.69¢ 20.25+3.1e 0.33£0.01a
MAP  67.96+£10.25a  67.30%9.64a 54.11£7.57¢ 0.3240a
APP  65.48415.64a 57.94410.31a  88.90£5.55a 0.3340.02a
SSP 35.34%7.24b  34.04%6.64c 26.44£4.92¢  0.3140.02a
NiP 55.55410.34a  47.8248.78b 76.154+15.88b  0.3240.03a
SA+P  31.99F4.45b  28.2442.88¢ 37.46£2.99d  0.33%0.02a
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CK MAP APP SSP NiP SA+P
VAN 5 05 % AR B A AR R o 4 R 2 57
(P<20.05),
B 1 AEBERM R IR L RS ROEM
2.3 BEFM AR
FORA RIS R (3 3 RW LTI LR AR

0

FuE R B R R R R, B R A
HHIF A RLEE  BD APP AL & 2 5= F MAP #il NiP 4b
1, MAP NiP 4b# i % & T SSP f1 SA+ P Ak 2,
SSP.SA+P kb3 i 2 & T X (CK) . i F i 35
FRS 225 W 4 (9 19 . MAP . APP Fl NiP 4b 3 4 Hb
AR R W AR A — 0 W BT R AT X
HE, M b3 AR R B 1 i T BRI R 4 0 Dk 10.5 %6 ~
23.3%,20.5%~38.6 %, APP A4bF F B H A 24 a] W
(1 2 52 B 1 RN W T Il i R R Ak, B PR
HIAF49.02 mg/ %, AR 37.47 mg/ %, Wi A1
WA AR IR F] 36.75% » b MAP #l NiP Ab 2 &5
17.33% 1 15.32% .

K3 EABSERRERBREMARE

. AL . . B . AR T AE 1

Ak B whEE/ A% &= TR oy —

(gekg D FRBE /mg (g kg V) FRBE /mg R mE * '

CK 1.14£0.07¢ 8.98+0.84d 0.8340.05b 2.71£0.40d 11.55+0.98d

MAP 0.84=+0.05¢ 27.93+3.27b 0.5140.01d 4,9240.36b 33.234+3.97b 19.427+0.68b
APP 1.0240.04d 42.01+1.81a 0.66+0.05¢ 6.49+0.45a 49.0242.09a 36.75+2.17a
SSP 1.54+0.11a 17.09+2.57¢ 1.01+0.05a 4,0540.30c 21.4042.54c¢ 10.94+2.28¢
NiP 1.0140.12d 28.6741.38b 0.5540.09d 4.8440.16b 33.74+1.31b 21.4341.64b
SA+P 1.3040.06b 14.8540.78¢ 0.8140.05b 3.71£0.66¢ 18.88+1.18¢ 7.92+1.56¢
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Ca,—P ¥ 2 55 T X 8 . SSP FIl SSP+ SA 4t
L H APP A FE AR PR £+ Ca,—P W3 & TAEM PR
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T APP 4b 38 AT $5 22 K fif 1) 58 7 o, FLAR PR 1 38 1Y
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A FAEAR B B AR 2 Wl 1 R Wi, 4R T B B Ca, —P 1Y
FEUE X, NiP Fil MAP 2b #AE MR PR AR PR Ca, —P &
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#E Cag—P MM PR AR AR By 25 (A 3 % W 3% 1k 3] 45. 36
mg/kg(E 3) . X F£ W NP & A A oF 48 br i E 19k
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1 I A

AT IRAE A58 Ca, —P A A 4l Wl W WA A5 6 U
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