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Critical phosphorus dilution curve and phosphorus nutrition diagnosis
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Abstract: [ Objectives ] This study analyzes the relationship between aboveground biomass and maize
phosphorus (P) content under different P application rates to construct a critical P dilution curve for fast diagnosis
of maize P nutrition. [ Methods ] Field experiments were conducted in Guanzhong Plain, Shaanxi Province in
2019 and 2020, using the maize cultivars Zhengdan 958 (ZD958) and Yuyu 22 (YY22) as test materials. The four
treatments of P,O; application rates were 0, 60, 120, and 180 kg/hm*. The aboveground parts of maize plants were
sampled at jointing, tasseling, filling, and maturity stages to determine dry matter accumulation, P concentration,
and yield. The data obtained in 2019 were used to construct the critical P dilution curve model and the

corresponding P nutrition index (PNI). The data obtained in 2020 were used to verify the models' accuracy.
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[ Results ] Increased P application rate (P<0.05) increased yield, aboveground biomass, and P concentration of
summer maize, but there was no significant difference (P>0.05) between the two varieties. With increasing P
application rate, the yield of summer maize increased at first and later decreased, with P120 treatment recording
the highest. The yield effect equation showed that the average theoretical maximum yield of the two varieties of
summer maize in the years under study corresponds to a P application rate of 110.2 kg/hm®. P application had no
significant effect (P>0.05) on the number of ears per hectare but increased the kernel number per ear and 100-
grain weight. However, the effect of the application on kernel number per ear was greater than that on 100-grain
weight. The aboveground biomass was in the order PO<P60<P180<P120, with no significant difference (P>0.05)
between P180 and P120 treatments. Maize P concentration increased with increasing P application rate; however,
it decreased with the advancement of growth and the accumulation of aboveground dry matter by weight. Based
on the aboveground dry matter weight and P concentration of maize plants in 2019, the critical P dilution curve
model for summer maize was established as: P.=8.11DM *** (R’=0.886). The RMSE and n-RMSE between the
calculated and the measured plant P concentrations in 2020 were 1.146 and 18.23%, showing high accuracy. The
PNI values calculated with the critical P concentration curves increased and decreased across the growth stages,
and this was augmented by increased P application at each growth stage. PNI was also positively correlated with
relative P uptake (RP,,), relative aboveground biomass (RDW), and relative yield (RY). [ Conclusions ] The
constructed critical P dilution curve model and P nutrition index model (PNI) could help predict P nutrition
conditions of summer maize at different growth periods. Therefore, it is useful for instant P nutrition diagnosis and
optimal P fertilization in summer maize.

Key words: summer maize; phosphorus application rate; critical phosphorus dilution curve;
phosphorus nutrition index

B PG G Ml X D) A /INFE — B K — A I 2
Fo ERERNZMX EEREEYZ—, ERER
B A R R A, R e R
RN, e FRERET LGN E
BRIGEZ D, ] DR bR S S22 B AR KA
FEEAY B R WIE R, B i K ™ R 5 T
RVEL AR AT B AR ME R, A St 2>
AR R R . BEIE AR TR, T 6= D
T 2B TR WE b, Mk DL VR S IR T KA AR B R
BIRDL, AF AN SRR WA k. A
KIS rpoF JEE K it B B AR AR A AR O3
63.6%, ik e e 1A O 19.7%, AN
AN Bt s 3 ) R OK P R T SR
BETEAED IR N AL sh ki, TE &4 B B B 4 fid
XA R R = IR R R A A, I
FLwh vl AR R i 26 RTAE AR B B T 12 W Ok
HAZ e T 0 EED IO IG AR . I Ak 2
FEAVEPIARAT A A 0y ek P iy B P S P 1,
BEA: 7 HERR DR, AR R Y Il PR R 2 B A
Y BB AR, O E A RREOCR (P, =
aDM™?) -2 [ AR EAERRIMIX . SRS 5%

14 B AS TR b g ST T I S e A e i R A A
IS B ARAE | BB OSE TG SR B
T BSR4 51 K P, = 3.92DM ™ HI P, =5.23DM ",
P.=7.84DM "2 I P,=7.74ADM**, P, =5.23DM"* fll
P, =3.27DM " &, fE B AKMEHEMT T, ENsbEE
FEAPEHEERAERKE . RS Rz
No A HEwl 25 2 5 RS0 PR R A R, T I
gt e J32 s e o 2R A A J32 93 A T oK b, b B AR R
FroR O B 3 ‘G Wl A I S A dRGE . DL, A
GEIE o ST AN [ B A T 2 oK AR
AR FE AR A OC R, ) I Sl vl 3 A 7 ot
MR, Oy H EORBE R LA B S 5 2 B 1L
BN oe S e
1 MRS
1.1 AR

AR B E T 0 AP K2z e X R A —
Ul (108°06'E., 34°29'N, 4k 454.8 m), 1 TREpE %
HOF SR VYA BRI IX, i B I I v 2 KR
fie, AEFEHAIR 12.9°C, FFKE 635.1 mm, JCFEI
211 K, 2019 F12020 4F5 £ K24 H BIREK 5453



1550 R R R L S 27 %

b 527.2 A1 673.9 mm, % HBEAKREWE 1R,
WAL, 0—20cm +2 HIEFHRSSELE 1.
1.2 R

T 2009 ARSI 1Y PO R AN - B EOK
— A P G ) O IR G, A 2T I AN B
T 20192020 4F 5 Tk LAY | RSB
SRR DG FR o H ) 50 SR Bt ol R e — R
FAX B, SN AT, R TR AR A
958 MR E 22, itk MAEILIE, B&HE 0. 60,
120, 180 kg/hm* 4 AN i (P,O,) AbHE, 430 LA
PO. P60, P120 F1 P180 K/, T HIBRNC it IR S
(P,Os JE 4L 16%) . 5 B8 G ih 7 K H it U=,
BT PRI 4 225 kg/hm?, P ENE MR &
(4N & i 46%), AR, Htlgt+E
TR GED, AR PORERIE, NXEH 30 m?,
3WHEE, 2019 F1 2020 4 F F KR H 5514
6 16 HF 6 H 10 H, FE% A 67500 tk/hm?,
Wk sy 10 H7 HAN10 H 1 H., EEKk4e4E
BIANANTEIK g R A5 At ()45 P i [) >4
A
1.3 MEMBSHE

1.3.1 MR TERE LSS SEIE R E R
(Vo). MR (VT). #EHIY (R2) MUY (R6) KM
250
W 2019
z O 2020
£ 200 |
g
g 150
=
E 100 H
@
&é:?‘ 50
0
Jun. Jul. Aug. Sept.

H 4 Month

B 1 2019, 2020 FEEKREKFTHEKE

Fig. 1 Monthly precipitation during summer maize
growing season in 2019 and 2020
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Table 1 The basic nutrient characteristics of the tested soils

e AHLE g e Exil AR AN AR SR
Vear Organic matter Total N Total P Total K Available P Available K Nitrate N Ammonium N
(g/ke) (g/kg) (g/kg) (g/ke) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
2019 19.03 1.09 0.91 10.04 12.73 134.01 9.96 4.72
2020 18.76 1.05 0.97 9.96 13.33 157.29 15.63 491
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Table 2 Summer maize yield and yield components as affected by P application rates in 2019 and 2020
MR 2019 2020
A Pucament gy WEgC P - - WE R .
Variety (P05, Ear number Kemel IOO-Igraln Yield Ear number Kemel IOO-Igraln Yield
kghn?)  earshmey  TUTOST welsht ) (cars/hm?) number weight o hm?)
per ear (2) per ear (2)
ZD958 0 66501 +283a 413.0+£52b 33.8+35a 7450+ 133b  67499+329a 4329+2.0b 37.0+3.1ab 9464+98c¢
60 67147+531a 454.8+50a 31.7+0.6b 8457+308a  68026+102a 4509+4.8a 37.7+28a 9859 + 12 ab
120 66909 +8la 460.5+1.6a 324+51b 8618+517a 67885+10la 452.1+1.7a 37.8+3.8a 10015+32a
180 66507 +64a 4229+04b 33.5+04a 8076+134ab 68024+ 127a 440.2+7.5ab 36.6£0.6b 9804 £ 94 b
YY22 0 66215+ 135a 367.2+0.8c 364+53b 7452+ 19¢ 67718 +248a 446.5+1.0c 356=£33Db 9385+ 136¢
60 66412+212a 4157+69b 358+2.6b 8476+70ab 68225+221a 458.0+4.6ab 358+29ab 9840+91Db
120 66221 +85a 433.8+44a 378+19a 8708+11a 67482+ 710a 462.6+3.6a 37.0£55a 10101+4la
180 66146 +262a 4042+23b 365+0.1b 8244+223b  67450+244a 4473+54bc 369+3.7a 9758 £46 b
J5 %518t ANOVA
A Variety (V) o ok ok NS NS ok ok NS
i P rate (P) NS kR B otk NS *k% * k%
AR V<P NS ok ok NS NS ok ok NS

# (Note) : [FIFEMEIG ARISFHER RG22 F1K 5% 557K Values followed by different letters in a column indicated significant
difference among treatments at the 5% level. *—P<0.05; **—P<0.01; ***—P<0.001; NS—2%F A . % No significant difference.

9000 r 5919 23 EERGFHRERBHEIRENEIR
8700 | m A
8100 f—YY22 N 2.3.1 BERIEEST R 2019 4F 2 AN F KSR 4 A4
£ 7800 P T IR B 2 I K (n = 64), ARHE 1.4 1l
S POL oo, SRR R (L T B MR 1, K KR i
£ 10200 0% . 7K T AR L 350 AR 0y T O P AR B
= o000 ¢ AT Il AU G, A5 H g RO Ik 303 £ 1 S5 o 2
9800 1 {8 (P)o TESCTI] . AilHES] . SRR B 48 o
9600 1 b o won -85 958 Iy P 43514 6.96. 5.49, 471, 3.70 g/kg, K
9400 Mo b F TP F i (DM) 2350 1,60, 6.60., 13.58,

0 60 120
a5 P application rate (kg/hm?)

180

2 BEERFESHHENHEXM
Fig.2 Correlations between summer maize yield
and P application rate
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Fig. 3 Effects of P application rate on the dynamics of aboveground dry biomass
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Table 3 Variance analysis of aboveground biomass and P content at different stages of summer maize

ES V6 VT R2 R6

Factors DM (t/hm?) P, (g/kg) DM (t/hm?) P,(g/kg) DM (t/hm?) P,(g/kg) DM (t/hm?) P,(g/kg)
ZD958 1.47 7.18 6.70 6.14 14.48 521 18.44 436
YY22 1.61 737 6.77 6.29 14.47 5.41 18.41 459
2019 1.60 7.24 6.45 5.68 13.44 4.83 17.61 3.82
2020 1.48 7.32 7.02 6.85 15.51 5.79 19.25 5.13
PO 1.36 6.88 6.10 5.91 13.69 491 17.20 424
P60 1.53 7.16 6.58 6.16 143 5.33 17.99 439
P120 1.66 7.40 722 6.31 15.07 5.41 19.44 4.51
P180 1.61 7.66 7.04 6.68 14.83 5.60 19.07 477

F {f F-value

4E} Year (Y) 37.84" 0.295Ns 87.36™" 114.9" 84.83™ 86.03™ 4531 139.6™
il Variety (V) 51.29" 1.53N8 111 2.59N8 0.002Ns 3.74nNs 0.01Ns 415N
JifE# i P rate (P) 4925 4.88" 67.63" 8.49* 7.44* 791" 17.61 4117
Y=V 0.539N8 420N 6.49" 0.44Ns 0.163Ns 0.622Ns 317N 0.0718s
YxP 0.81Ns 0.366N 2.84ns 0.204N8 2.38N8 0.569Ns 2.59 N8 0.1018s
VP 0.293Ns 0.074Ns 0.588Ns 0.512N 0.343Ns 0.048Ns 0.275N 0.1398s
YxVxP 2,148 0.164Ns 0.996Ns 0.199Ns 0.133N8 1.85N8 0.318Ns 0.585Ns

# (Note) : V64771 Jointing stage; VT—i#ifE}] Tasseling stage; R2—# 3¢ ] Filling stage; R6— U] Maturity stage. DM—h |38
=¥t Aboveground biomass; P— IR IZPR42 W & Actual phosphorus content. *—P<0.05; **—P<0.01; ***—P<0.001; NS—2% 54 .7 No

significant difference.

. = P,=8.11 DM 2
81 N ® P, =882DM ">
\ A Pp,,=744DM 2

BEREE (g/ke)
Phosphorus concentration

3 | I R N R R R R E— |
0 2 4 6 8 10 12 14 16 18

Hb L35 AE P& Aboveground biomass (t/hm?)

5 BEAKM EREMEKRERFL
Fig. 5 The P dilution model of summer maize
aboveground dry biomass (DM)

B R E MR, SR UIAHI T i £ 57 1 I SR B 74 g

R ] E— 20 T TR MR 5 7R 2 T .

2.4 AEFEBCIENE FRBEFIERF M
BEIERE KB, SR BRI E SRR S

FRIEE (PNI) AWiThm, XF T 6] — i i 2k B (R

PO 4b), PNI B F oK A F R 4 4 i 2 18 K5 /)N
(151 6). PO i1 P60 AL PNI{E¥I/NT 1, ASitEfAb
PR R 5 R AR B 2R B R e A A i, 5P
Wi M AR Wi EFR . P60 Il P120 AbBRWSE SR 5
1 1.0 BT84k, FERRBES FROUESS, 303 Fo
W& T 60~120 kg/hm?, 1] P180 Ab¥H & £ K &A=
Y E PNIE R KT 1, SRR 2 5 1
W, WA,
2.5 BYEFERSHEXRBEE. Bt EEEY
EMENTEZ EEXR

Ry itk — 25 B IE B K I S VR B A R R G
PR, FH 2019 F1 2020 4548 BURE I (0 B0 B 5%
FORBEE FRAEEL (PNI) 5 AN Wi (RP,,) . AHXTHb
LE A Y E (RDW) FIAEXT =& (RY) Z [ EHR
wE 7 flE 8 firR, B EKNFE A B A PNI-
RP,, #il PNI-RDW R BN LA G, H RP,, Al
RDW Bl PNI (38 Inmisg m, #0580, s . o
M BRI ] E Ty R e R 0,623
0.850. 0.622. 0.460 1 0.639. 0.612, 0.493,



9 1 XUET, A SGrPoP U K I S R R R i S R TR 1555
%4 BERISRBRENE A S EE
Table 4 Observed and simulated values of critical P concentration of summer maize
H F Y] Growth stage fAl Cultivar € {4 Observed value HEI{H Simulated value %% Error

A\ ZD958 7.605 7.432 0.173
YY22 7.267 7.250 0.017

VT ZD958 6.802 5.203 1.599
YY22 6.780 5.255 1.525

R2 ZD958 5.776 4.399 1.377
YY22 5.851 4.434 1.417

R6 ZD958 4.992 4.162 0.829
YY22 5.191 4.194 0.997

RMSE 1.146

n-RMSE 18.23%

i (Note) : V6—4&717 1] Jointing stage; VT—HfEH] Tasseling stage; R2—#EH ] Filling stage; R6— Y] Maturity stage.
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Fig. 6 Dynamic changes in phosphorus nutrition index
(PNI) under different P application rates to summer maize

[¥E (Note) : V6—3% 174 Jointing stage; VT—ii/fi] Tasseling
stage; R2—J# 3% ] Filling stage; R6—ALAUY Maturity stage.]
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Fig. 7 Relationship between phosphorus nutrition index (PNI) and relative P uptake (RP,,) of summer maize
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Fig. 8 Relationship between phosphorus nutrition index (PNI) and relative aboveground dry biomass
(RDW) of summer maize
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Fig. 9 Relationship between phosphorus nutrition index (PNI) and relative yield (RY) of summer maize
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