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Optimizing phosphate fertilization in relation to phosphorus supply capacity
of soils in Yunnan maize producing areas
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Abstract: [ Objectives ] The aim of this study was to establish an optimum P application rate for maize
production on the long-existing low and middle P-containing farmlands in Yunnan, in order to reduce the potential
of phosphorus leaching risk to surface water environment. [ Methods ] Field experiments were conducted
respectively in Xundian (middle soil Olsen-P level) and Xiaoshao (low soil Olsen-P level), Yunnan Province
consecutively from 2017 to 2019. The P,O; treatment levels were 0, 45, 90, 135, and 270 kg/hm’ in Xundian, and
0, 60, 90, and 120 kg/hm’ in Xiaoshao. Maize yield, P uptake at the main growth stages, and the allocation in
grains at maturation stage were investigated. The optimal P rate was calculated using lineal-plateau model.

[ Results ] Across the three years, P application significantly increased maize yield. P90 recorded the highest
yield in both field sites. P270 in Xundian and P120 in Xiaoshao elicited significantly lower yield than P90. In
Xundian, P45 and P90 recorded similar maize P uptake and accumulation, those were significantly higher than
P135 and P270. In low Olsen-P soil of Xiaoshao, the maize P uptake improved at increasing P rates, however, the

grain P accumulation was not significantly different between P90 and P120. The simulated yield under different P
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application rates by lineal-plateau model revealed extreme significance (P<0.001). The calculated optimum P,O;

application rates were 65.6 and 93.7 kg/hm’ for moderate and low Olsen-P soil, respectively. [ Conclusions ]

Compared with the recommended P,O; rate for maize production in Yunnan, the optimum P,O; rate should be

reduced to 65.6 kg/hm’ in moderate Olsen-P soil, and slightly increased to 93.7 kg/hm® in low Olsen- P soil.

Key words: maize; phosphorus; yield; lineal-plateau model; optimum phosphorus application
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Table 1 Physico-chemical properties of test soils

6 HbS - HHUR (g/kg) AR A (mg/ke) W (mg/kg) RN (mg/kg)
Experiment site p Organic matter Alkali-hydrolyzed N Olsen-P Available K
i) Xundian 7.04 20.00 27 13 220
/NI Xiaoshao 4.89 6.58 24 5 125
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Fig. 1 Maize yield under different P rates in middle and low P soil from 2017-2019

e M EANE/NG TR R R — AR b B[R] 25 53 1 3 (P<0.05).

Note: Different letters above the bars mean significant difference among treatments in the same year (P<0.05).



1042

W) E SR 50 R

28 45

L, RFMERE KT PO0 Rt — 3 E ok e
i, HESRRRTOR &

LB AR AR T 0 £ L NIRRT, 5
PO ZbFAH LY, i i 3 5 e FORAPRL T i, AT
(2017 48, K 7™ 5 [ it e i A 384 o vy e 2 R v
2018 F12019 4%, P90 AbFHA T oK™= S AKAR I 3 =
P60 AbFE, T P120 PRI EAK T PoO L FE . KW
TEARHE 4 1, B AP AN EE I P90 AbHE
2.2 EIHEK AR F KA R IR Y R FRFHE

7 AL RE ) P AR ST (R 2), FoK
(18 ol 25 W i B2 MU B0 Bl L T 992 L) P90 Ak
PRPEE T HABAL I, P135 A3 & 8 5 /N w1
W m T PO FI P45 Ab3, P270 fEHI IR EH T
P45 AbBE, SHEEIA, NRIBEKSE T FOREE R Wi B
Y5 PO LW EZES, PG, P45, P90, P135 4t
HA) FORBER W BB TC2 5, (H P270 AbFR Y8
2 ERUR R B 3 A HLE TR

FEHEBERE JIE T B/ IR0 T, Eok ek E
W Wi R R AR I P90>P120>P60>P0 (3
2). [AIRERY, 4t >00 kg/hm? HF, T KmiE R Ik
it E R
2.3 FEIREKFAIE E KB E D ECHFIE

i 2018 1 2019 4F P A1l 56 Ml o K WSk 0 i)
W W R A B LR (6 3) mTRAER Y, ZEALEERE b
S TR L, P45 I POO AKOE A B A B TR
TERPRL ) BB, Siis E>90 kg/hm? B FH-A

REHE E PRI RE A AR, R T8 2 AR
o TEHERERE TR A /N RS0 A, R AL B
THRESTHE R RBE, PO KT, #E
TEAS B I R TR RO H . P60 I P90 AbFR AR
R AR B i o e, H6 v B R A AT AR R P
Syt

2.4 AEBIKETERBIBEIEF AE

M 2 fTLAE Y, FEBEBERE ) b A5 Y ) 1 e
A, BE A B A, W AC R R A R
i, ®AKFI K P4S>PI0>P135>P270, P45 %M
WRAE AR AT 80%, P270 44 F, WEHEF] AR
&F 10%, %8 P45 Fl P90 7K F T 43 3l 3F ¥ B AR
93% Fil 89%.

/NI S A, BARAEFREIAT 225, H P90 7K
T, BRI R s 20k 84% (2018 4F) T 42%
(2019 4F); P120 K-V T #ENEH I H &AL, JTTH
2019 4%, P120 FBEALFIHZHRIL 1%,

25 ETFEsENENAEHEE

SR HEAE M- G AEHL, X AR 56 SR [
AT ERBPFPRL = S TG (8] 3). FRIHZERTT
DUE PRS0 a0 0% ] 15 5 138 A 8 35K
F (P<0.001), — AR, B UGEFI G B H RI Y i
FE(E . 76T f FOK ™ &1 WGA EIF & A #EIE
it A 65.5 kg/hm?, FE/NIE IS S8 93.7
kg/hm’,

Binl|

AL

®2 TRIBKFAEBEREE BRABNBRRE

Table 2 Total P uptake by maize during the whole growing season under different P rates

2018 2019
TR b3 " "
Experiment site Treatment £ 2PN /AN 2 N /AN e 3 R 7 R < 2 A\ (VI R B N VIR 3 E 7R
V3 \ vi2 Vit R6 V3 V7 V12 Vit R6

T PO 0.98 ¢ 9.33d 2601c  46.76ab 5921b 084d  17.11ab 2632b  44.78a 55.05¢
Xundian P45 1.08 ¢ 10.34 cd 31.90b  5367a 798la 1.52ab  15.07c 2441bc  4544a 73.16b
P90 1.66a  1445a 4252a  48.08ab 77.79a 1.60a 1878 a 3139a  5530a 8l4la

P135 140b  1240b 30.64b  4570b  73.75a 139b 1653 bc 2219¢  50.92a 8436a

P270 139b  11.63bc 3195b  48.95ab 62.15b 1.01c 17.23 ab 32.11a  54.58a 67.72b

N PO 0.04 ¢ 0.10 ¢ 0.33d 1.65b 1440d 0.03c 0.10¢ 0.35d 129¢ 14.10¢
Xiaoshao P60 0.06bc  029b 253¢ 7502 3040c  0.07b 0.34b 299¢ 9.03b 20.70 b
P90 0.19a 0.64 2 3.85b 80la 4730a 020a 0.78 a 489b  10.60a 30.50a

P120 0.07b 0.27b 559a 7.66a 3690b 0.07b 0.36b 5.99a 9.04b 20.10b

T [FIFV B 5 AN R R R Rl —ia e A [RI AL BRA) 22 53 B 3% (P<0.05).

Note: Values followed by different letters mean significant difference among treatments at the same experiment site (P<0.05).
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Table 3 Uptake and allocation rate in each part of maize under different P application rates
2018 2019
S e B 2 AR (kg/hm?) SYER ] (%) i 2R (kg/hm?) SYHE A (%)
,\\[“\\ =
. . Total P uptake Allocation rate Total P uptake Allocation rate
Experiment site  Treatment
I L A T e T T e
Leaf Stem Grain Leaf Stem Grain Leaf Stem Grain Leaf Stem Grain
T Xundian PO 125¢ 20.1c¢ 26.6 ¢ 21bc  34a 45a 16.1b 249b 186¢ 32a 39a  29b
P45 265a 40.1a 452a 24b 36a 40a 28.7a 33.6a 31.1b 3la 36a 33D
P90 141¢c 265b 372b 18¢ 34a 48a 16.8b 22.6b 409a 21b 28b S5la
P135 20.8b 232bc 298¢ 28 a 3la  40a 195b 242b 404a 23b 29b 48 a
P270 144c 22.1bc 257¢ 23b 35a 4la 16.1b 20.5b 30.8b 24b 30b 46 a
/I Xiaoshao  p 30b 53¢ 61c  2la  37b  38c 22¢  87b 31d 16b 62a 22¢
P60 35b 123b 14.5b 12¢ 4la 48a 42b 6.5b 7.0c¢ 20a 46 b 34b
P90 73a 192a 20.1a 15b 42 a 42b 6.3a 125a 11.7a 2la 43b 38a
P120 7.1a 13.5b 194 a 22a 383a 42D 37b 8.7b 7.7b 19ab 41b 38a

T RISV R AR R R R i S AN IR A B ] 22 57 19 35(P<0.05)

Note: Values followed by different letters in a column mean significant difference among treatments at the same experiment site (P<0.05).
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Fig. 2 Maize P use efficiency under different P rates
0 HE AR, /NG FEBIFR 2018, 2019 4FA[Al4b B ] 25 5 i 2 (P<0.05),

Note: Different upper and lower case letters above the bars indicate significant difference among treatments in 2018 and 2019, respectively (P<0.05).

3 e

AHEFE R B, e LB AR ) Hh A R A A 21 4
b, AT DA oK B R R BB, A i
WEiE>90 kg/hm? BF, AL iE— 34N F K AR Mk
SR, EHEERE P A R L, BROKTAE P 45~
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T P 45~135 kg/hm® Zb 3R], FRAMAER] 2 WO ok
EWWRERELZ IR EER, Wik, BEACFR RN
Bt P B B 2 R AR . RBP4y 56.0% ~

85.8% MR K A THEIFMEMELRE, KR E
B, FEULBERE AR A /N0 o5, it AL B
TR T E I RN, PoO K FALHR, B
FEAS 5 B I B IA R KA . P60 F1 P90 b FRRFAR
BEZRAEM I A Be, A6 e R A AT RRE R P Y
SYEC, PREEE ZRBE R S BCE R R, EUE Y i
H>90 kg/hm? B A BEIE— 25 48wk PR i) R
iz Y Ml B KB A FE 7K S 90 kg/hm?, 7 fIL g%
o RSE RIS, WU 30% (P60 AbFE) F 50%
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Fig. 3 Linear-plateau analysis for maize yield responses to P rates
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