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Abstract: [ Objectives ] Winter wheat-summer maize rotation is the most common agricultural production
system in the North China Plain. Excessive phosphorus (P) fertilization in wheat is concerned in this area, which
might result in low fertilizer use efficiency and potentially pressure on the environment. The objective of this
paper was to investigate the possibility and potential of reducing application rate of P fertilizer in winter wheat-
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summer maize crop rotation systems. [ Methods ] A field experiment was conducted on fluvo aquic soil in
Hengshui City, Hebei Province. Four rates of P,O; application rate of 0, 112.5, 150.0 and 187.5 kg/hm’ were set in
winter wheat. After harvest of wheat, summer maize was planted without tillage. The grain yields, biomass and P
content in above ground parts of maize were investigated; Root analysis system WinRHIZO was used to
determine the root length and diameter; and the contents of different fraction of soil P were analyzed at harvest.

[ Results ] Compared to current farm’s P,O input rate of 187.5 kg/hm’, the maize grain yield, total root length,
average root diameter and soil Olsen-P contents were not significantly affected in treatment of P,0;112.5 and
150.0 kg/hm? for three years’ period. Under no P fertilizer application treatment, the maize yield and soil
available P contents in the third year started to decline, the organic P contents in the rhizosphere soils were
lower than in the non-rhizosphere soils in 2009 and 2010 year; the amounts of moderately labile organic P in
soils were higher at maize seedling and mature stage than at other growth stages in 2008. When less P fertilizer
was applied, moderately labile organic P contents in rhizosphere soils were remarkably lower than in non-
rhizosphere at maize seedling stage. The concentrations of Ca,-P, one of inorganic P forms in soils, declined
during maize growth season. The contents of Ca,,-P, Ca,-P, O-P (Occluded phosphorus), Al-P and Fe-P in the
rhizosphere and non-rhizosphere soils presented no significant change among various P fertilizer rates. The
concentrations of microbial biomass P in the rhizosphere soils were higher than in the non-rhizosphere soils at
maize seedling stage in 2008. Compared with farmers conventional P application (187.5 kg/hm’ P,0,), reducing P
application rates did not significantly affect on the contents of microbial biomass P in rhzosphere soils at maize
seedling stage. [ Conclusions ] Under the intensive rotation system of winter wheat and summer maize in North
China Plain with high soil fertility, the yield and root development of maize, and the contents of Olsen-P,
organic P and microbial biomass P in the rhizosphere soils do not show significant variation when the P
fertilizer input was reduced by 20% or 40% in wheat season, but those happened when no P fertilizer were
applied. It is suggested that it would be available to reduce the P input by 20%—-40% in winter wheat-summer
maize crop rotation systems under the tested conditions.

Key words: summer maize; reducing phosphorus fertilizer rate; rhizosphere soil phosphorous absorption;
soil phosphorus fraction; soil organic phosphorus
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Different small letters above the bars mean significant different among treatments for the same year at the P < 0.05 level.]
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Table 1 Phosphorus concentrations of various inorganic forms in maize rhizosphere and bulk soils with
different P treatments
K ik CarP Al-P Fe-P Ca,P Cay-P 0-P
Growth stage Treatment
2008
Wil Seedling PO 4REER 4823+2.60abc 76.48+2.53a 4579+2.06ab 31529+3539b 364.30+33.08a 108.80+11.43a
JEMRFR B 35.59+1.99a  59.05+3.53a 48.13+2.64 abc262.33+47.88ab 381.92+27.03a 110.12+7.11a
P60 pi R 4416+4.82ab 61.79+571a 43.50+3.53a 252.13+2874a 37635+1137a 107.83+6.87a
EMRPE B 45.61 £5.60abc 56.62+4.84a 47.13+1.17a 235.64+3847ab 381.66+10.82a 114.78+4.74a
P80 FRR  47.16+1.06abc 60.34+645a 46.22+0.09ab 284.77+33.98ab 375.10+536a 101.83+8.59a
EMRPE B 47.61£11.61 abc 64.15+3.49a 49.27+2.17bc 287.26+21.75ab 377.55+9.05a 11542+331a
P100 43k R 61.40+£2028bc 58.74+526a 50.88+3.69¢c 270.00+32.29ab 376.91+30.48a 109.39+6.19a
JEMRFR B 6549+15.87¢c 60.35+7.78a 50.32+2.05bc 254.02+5538ab 371.30+34.13a 110.27+4.01a
W3 Harvest PO 4RER R 2535+5.15a  66.62+898a 46.01+444a 30232+4423b 373.25+23.86a 111.23+£575a
JEEBE B 29.99+£531a 6040+9.34a 49.50+4.62a 25539+3627ab 388.01+£2599a 111.07+4.63a
P60 fEFER  29.17+290a 63.03+6.72a 4729+6.66a 268.69+52.89ab 367.17+3.80a 107.87+543a
JEABFE B 2928+627a  61.13+3.00a 46.65+0.17a 22832+46.76ab 382.85+10.88a 113.18+5.05a
P80 ki R 2934+200a 61.06+158a 47.69+3.00a 277.57+14.21ab 379.41+2444a 108.06+2.59a
JEMRBR B 33.75+2.93ab  57.81+£299a 47.50+2.74a 246.08+11.74ab 374.53+2635a 110.96+1.36a
HRPR R 3929+943b  6520+3.78a 52.67+545a 268.70+12.02ab 375.46+2629a 115.28+024a
oo JEMRBR B 40.22+1.95b  56.61+541a 4634£3.67a 209.11£5582a 365.09+40.43a 11225+297a
2009
WK Harvest PO 4RBE R 2994+341a 116.62+3450a 61.98+434a 117.66+11.06a 44821+2728a 53.75+132a
JEABBE B 36.14+6.49ab  88.77+32.24a 58.15+822a 163.49+57.90a 44430+63.57a 59.25+333a
P60 jHER  35.18+551ab 113.26+29.79a 67.07+3.70a 132.81+1736a 417.36+4822a 5426+143a
EAEBE B 3744+823ab  77.05+17.42a 66.21+4.68a 11738+62.16a 387.58+3.85a 53.59+2.34a
P80 HEER 3693 +448ab 101.02+16.99a 59.85+9.86a 132.41+16.13a 388.13+1144a 5520+2.69a
JEMRFE B 32.50£840ab  84.17+1232a 67.93+4.85a 10527+3.27a  389.09+21.23a 5442+123a
P100 jiFER  41.98+237ab 117.27+5139a 61.73+£9.15a 12942+2893a 450.95+28.64a 58.12+239a
JEARBE B 43.99+1229b 95.07+43.84a 59.79+4.38a 10555+2125a 43879+21.92a 55.14+3.62a
2010
W3 Harvest PO 4RER R 23.66+289a  9732+12.75a 46.80+8.18a 231.15+£2345a 65244+2636a 70.52+3.582a
JEEBE B 23.93+£0.89a 11529+19.46a 52.84+3.08a 221.00+16.58a 635.18+42.15a 79.78+5.13 ab
P60 fRpR R 3020£2.70 ab 106.50 £ 16.22a 57.18£6.39a 221.65+57.56a 613.71+40.09a 72.05 = 16.56 ab
JARBBE B 38.09+£427cd 13599+34.18a 53.50+4.08a 21638+2688a 644.86+20.72a 75.26+13.91ab
P80 ki R 36.16+6.74bcd 11292 £ 13.93a 5476 +481a 21949+13.02a 648.49+2938a 75.79 = 14.61 ab
JEMRBR B 34.67+6.74bc 100.46+£28.36a 59.59+928a 186.66+27.98a 642.13+21.24a 71.23+8.54ab
P100 jaFER  3538+2.00bc 119.07+21.38a 5442+2.14a 217.73+31.57a 631.88+£2949a 76.26+0.92a
JEARBE B 43.28+271d 11995+ 1824a 54.72+529a 19898+47.71a 631.49+33.08a 92.56+7.82b

i (Note) : R—Rhizosphere; B—Bulk soil; {5 A [Fl/NE R38R 6] — Z5 R [A] B AR I BEAC BRIE] 22 5738 P < 0.05 .3 /K Values
followed by different small letters are significant among P treatments at the same stage at the P < 0.05 level.
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Fig. 6 Comparison of different organic P content in maize rhizosphere and bulk soils with different P treatments in 2008
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