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Fig. I Annual rainfall in the experimental area during the period of 2001—2014
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Table 1 Dynamic changes of total phosphorus, inorgnic phosphorus, and orgnic phosphorusrelative to treatment ( mg kg™ )
Bl Ab 7 Ay Year
Type Treatment 2001 2005 2008 2011 2014
e T 797.8 +2.6a¢ 809.8 + 1.5¢5 828.2 + 4.7dy 839.8 + 1.0dp 862.2 + 4.8da
Total P NT 797.8 +2.6ad 812.1 = 10.4bcy 834.8 + 3.4cdp 844.9 + 1.7¢dp 871.0 = 8.9¢cda
TS 797.8 + 2.6a¢ 824.3 + 3.6abd 848.1 + 5.0by 867.0 = 4.5bp 907.6 + 4.3ba
NTS 797.8 + 2.6a¢ 831.3 + 6.8ad 865.3 + 3.3ay 882.6 + 6.6ap 922.2 +2.9aa
TP 797.8 + 2.6a¢ 822.1 + 4.1abcd 839.5 + 2.6¢cy 848.9 + 3.5¢p 867.1 = 5.6da
NTP 797.8 +2.6ac 815.9 +9.9bcd 837.6 +2.8cy 852.0+3.1¢cP 879.0 = 5.3ca
Jw IR T 582.5 +2.1ae 593.4 +2.3c8 607.5 + 4.8dy 621.1 +4.6¢B 636.1 +4.3da
Total NT 582.5+2.1as 596.8 + 6.0bcd 612.1 + 2.4cdy 626.0 + 3.3bcP 640.9 + 5.3cda
inorganic P TS 582.5+2.1ac 601.4 + 5.8ahcd 617.3 + 3.1bcy 630.0 + 3.2bp 649.1 + 1.8ba
NTS 582.5 +2.1ag 608.4 + 5.9a8 628.1 + 3.6ay 645.6 + 6.0ap 667.1 +2.8aa
TP 582.5 +2.1ae 606.6 + 2.2abd 619.9 + 1.6by 628.1 + 6.4bcP 641.0 + 3.4cda
NTP 582.5+2.1as 599.6 + 9.9abcd 617.2 +2.7bey 630.9 + 0.3bp 647.0 + 3.1bca
B P T 80.1 + 1.6ap 81.6 +2.1abp 83.9 +2.5¢c0p 83.8+2.0ba B 87.1 + 1.6e0.
Total organic NT 80.1 + 1.6ay 81.3 +2.7abPy 84.7 + 1.6¢p 83.7 = 2.5hPy 93.1 + 1.4da
P TS 80.1 + 1.6a8 84.9 +3.1ay 94.1 £2.9bp 97.2 % 1.1aB 116.9 £ 0.7ba
NTS 80.1 + 1.6ad 86.1 + 0.3ay 99.3 = 1.8aP 99.2 = 1.2af 119.1 + 1.1aa
TP 80.1 + 1.6aPy 79.2  1.9by 84.1 +0.7cap 83.6 + 1.4baf 86.5 + 1.1ea
NTP 80.1 + 1.6ay 81.6 + 3.6aby 86.8 + 1.4cp 86.1 + 1.0bp 95.2 + 1.0ca

e RHT. NT. TS, NTS. TPHINTP/ S EAEEHAE . bl LEPERFFOH | GBS FFE S
BEHUSE R 35 . BRI £ ARERE (n=3) o KRR T PR oR [ —4E 00 A [ AL BRI 46 5% K F- 22 57 8. %

NGB LR S A
» AN I B R R (R —

Ak FUR R AR5y R 7R 5% K F- 2% 53 1. % Note: In the table T, NT, TS, NTS, TP and NTP stands for conventional tillage, no-tillage,

conventional tillage with straw incorporation, no-tillage with straw mulching, conventional tillage with plastic mulching and no-tillage
with plastic mulching. Data shown in the table are means + standard deviation (n=3) . Different Latin letters mean significant difference

at 5% level between treatments in the same year. Different Greek letters mean significant difference at 5% level between years in the same

treatment
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Fig. 2 Dynamic changes of fractions of soil inorganic phosphorus relative to treatment
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Fig. 3 Dynamic changes of fractions of soil organic phosphorus relative to treatment
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Table 2 Dynamic changes of relative content of soil phosphorus relative to fraction ( % )

TCHLE2H 53 RERIRG i
Inorganic phosphorus fractions Organic phosphorus fractions
. kIR & 5h e R iR -
B kg T R N KR 8 BmEm s 0 SKER T
Year Treatment RS L WA RS UGS RS RS RRE g o wmm T
JeHLHE ] . . . . L LI
Resin- JCHLEE  JCHLEBE  JCHLEE  Total- EERIR EERIR
NaHCO,— C.HCI- Total-Po
Pi NaOH-Pi D.HCI-Pi C.HCI-Pi  Pi NaHCO;-Po NaOH-Po
Pi Po
2001 T 0.4 2.1 0.3 64.9 5.3 73.0 2.9 1.8 5.4 10.0 16.9
2014 T 0.7 3.0 0.8 63.2 6.1 73.8 3.0 2.0 5.1 10.1 16.1
NT 1.1 3.3 0.8 62.4 5.9 73.6 3.6 2.5 4.7 10.7 15.7
TS 0.9 3.2 0.9 60.6 5.9 71.5 3.9 3.2 5.7 12.9 15.6
NTS 1.0 3.4 0.9 61.3 5.8 72.3 3.8 3.5 5.7 12.9 14.8
TP 0.8 3.1 0.9 63.0 6.1 73.9 3.5 2.4 4.1 10.0 16.1
NTP 0.9 3.2 0.9 62.6 5.9 73.6 3.7 2.8 4.3 10.8 15.6
3 3 ©® L YR, HEEIEIE A KRR, BIEMNY

2001 —20144F 45 4b P + 38 4 il B 10 K fa 34,
PKEIRTES. 1% ~ 15.6%, X Uit A 1= 38 9 1o W iR 45
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M U Z MBS R Tk, H g RUA [ g
AR ERBEIARRE T . REFS YOS
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Dynamics of Soil Phosphorus as Affected by Tillage on the Loess Plateau in
Central Gansu, China

XU Yan ZHANG Renzhi’

( College of Resources and Environmental Sciences, Gansu Agricultural University, Lanzhou 730070, China )

Abstract [ Objective] The Loess Plateau in Central Gansu is one of the most seriously eroded
regions in China. In this area the soil is generally in lack of phosphorus, and the conventional tillage pattern
prevailing in the region exacerbates the loss of phosphorus and other soil nutrients. Therefore, it is urgent
to address the problem by improving farmland management and hence to uplift utilization efficiency of soil
phosphorus. This study attempts to characterize dynamic changes of soil total phosphorus and phosphorus
fractions in the soil under six different tillage patterns, so as to reveal mechanisms of the six tillage patterns
affecting soil phosphorus, and provide a theoretical basis for remolding the original tillage pattern or
establishing a new sustainable tillage pattern. [ Method] For this study, a 13-year-long field experiment
on tillage has been carried out in an upland farm on the Loess Plateau in Central Gansu. The experiment
is designed to have six different tillage patterns, that is, conventional tillage (T ) , no-tillage ( NT ) ,
conventional tillage with straw incorporation (TS ) , no-tillage with straw mulching ( NTS) , conventional
tillage with plastic mulching ( TP ) , and no-tillage with plastic mulching ( NTP) . For in-lab analysis,
Tiessen’ s modified Hedley method was used for fractionation of soil phosphorus. Six extractants were used
sequentially from weak to strong in capacity to extract nine fractions of phosphorus, that is, Resin-Pi,
NaHCO;-Pi, NaHCO;-Po, NaOH-Pi, NaOH-Po, D.HCI-Pi, C.HCI-Pi, C.HCI-Po and Residual-P.

[Result] Results show: (1) During the experiment, soil total phosphorus in all the treatments increased
year by year, with a rate ranging from 8.1% to 15.6%, and in terms of soil phosphorus increase rate, the
six treatments exhibited an order of NTS>TS > NTP~NT=T=TP. Total inorganic phosphorus also showed
an increasing trend in all the treatments. In Treatments NTS and TS, total organic phosphorus increased the
fastest or by48.7% and 46.0%, respectively, and in Treatments NTP and NT it did by 18.9% and 16.3%,
respectively, while in Treatments T and TP it remained almost unchanged; (2 ) During the experiment,
all the fractions of inorganic phosphorus were on a rising trend, except for Resin—Pi and NaHCO;-Pi, which
declined slightly in 2011. Among all the inorganic phosphorus fractions, NaOH-Pi rose the fastest with an
average growth rate of all the six treatments reaching up to 253.6%; Resin-Pi and NaHCO;-Pi followed, with
an average growth rate being 128.6% and 66.9%, respectively; And the relative content of the three fractions
also some what increased; (3 ) NaHCO;-Po and NaOH-Po showed an overall increasing trend except for
a slight fall in 2011 in the five treatments of conservation tillage, however, they did not change much in
Treatment T, throughout the entire experiment. C.HCl-Po increased year by year in Treatments TS and NTS,
and remained almost unchanged in Treatment T, and showed overall downward trends in Treatments NT,
TP and NTP; (4) The five patterns of conservation tillage raised the content of Resin—-Pi, NaHCO;-Pi
and NaOH-Pi, and no tillage was more effective than conventional tillage, when the same in supplementary
measure, with Treatment NTS in particular, which increased the content of D.HCI-Pi. The effect of tillage on
C.HCI-Pi and Residual-P was not obvious. The five treatments of conservation tillage, especially Treatments

NTS and TS, increased the content of NaHCO;—Po and NaOH-Po, and Treatments NTS and TS, also raised
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the content of C.HCI-Po, but Treatments NT, TP and NTP reduced the content of C.HCI-Po, in comparison
with Treatment T. [ Conclusion] Phosphorus fertilizer would accumulate in the soil year by year, existing in
the soil in the form of NaOH-Pi, moderate in activity and in the form of Resin—-Pi and NaHCO;-Pi, high in
activity, and the accumulation does not have much impact on fractions of organic phosphorus. Sparse rainfall
is no good to accumulation of phosphorus of active fractions, such as Resin-Pi, NaHCO;-Pi and NaHCO;-
Po, but conducive to that of phosphorus of stable fractions, such as D.HCI-Pi and C.HCI-Pi. Conservation
tillages may increase the content of phosphorus of the fractions, moderate and high in activity, especially
Treatment NTS. Therefore, it can be concluded that the adoption of conservation tillage can reduce the
consumption of phosphorus fertilizer to a certain extent. Conservation tillage, especially the practice of no-
tillage with straw mulching, is worth promoting in this area.

Key words Loess Plateau in Central Gansu; Tillage pattern; Soil total phosphorus; Soil phosphorus

fractions
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