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Effects of phosphorus application on inorganic phosphorus forms and available phosphorus in irrigated
meadow soil

WANG Yuying', GONG Huidie', WANG Xueyan', TU Yongfeng?, SONG Haiying’, CHEN Bolang', SHENG Jiandong""

(1. Xinjiang Key Laboratory of Soil and Plant Ecological Processes/ College of Resources and Environment, Xinjiang Agricultural
University, Urumqi 830052, China; 2. Xinjiang Huier Agricultural Group Co., Ltd., Changji 831100, China)

Abstract: This study aimed to investigate the effects of phosphorus fertilizer varieties and application methods on inorganic phosphorus
(IP) and available phosphorus (AP) content in irrigated meadow soil, in order to provide a decision—making basis for rational phosphorus
application. Six treatments were set up in an indoor cultivation: basal application of triple superphosphate (TSP-B), mono—ammonium
phosphate (MAP-B) and ammonium polyphosphate (APP-B), drip application of mono—ammonium phosphate (MAP-D) and ammonium
phosphate (APP-D) and no phosphate fertilizer (CK). Then the IP and AP content in each soil layer were measured after 120 days. Our
results showed that TSP-B, MAP-B and APP-B significantly increased AP and Ca,—P content at 0-20 cm soil layer, IP content at 5-20 cm
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and Cas—P content at 5-10 c¢m (P<0.05). Meanwhile, TSP-B and MAP-B also significantly increased Fe—P content at 0-5 e¢m and 10-20
em, as well as Al-P content at 5-10 ¢cm and 10-20 ¢cm (P<0.05). Despite MAP-D and APP-D both significantly increased IP, AP, Ca,—P
and Cas—P content at 0-5 ¢cm compared with treatments of MAP-B and APP-B, however, [P, AP and Ca,—P content under APP-D were all

significantly higher than that under MAP-D (P<0.05). In irrigated meadow soil, IP was largely composted by Ca;,—P and O-P, which
accounted for 37.6% and 35.7% to total IP, respectively; while Cas—P, Al-P, and Fe—P accounted for 14.0%, 6.2%, and 4.8%, respectively,
and Ca,—P only accounted for 1.7%. In addition, Ca,—P, Cas—P, Al-P and O-P were significantly correlated with AP (P<0.05), the
contribution order was Ca,—P>Cas—P>Al-P>0-P. Our results indicated that for phosphorus, basal application could significantly increase
IP and AP at arable layer(0-20 cm) while drip application only increased TP and AP at topsoil (0-5 em). In irrigated meadow soil, TP was
mostly contributed by Caj;—P and O-P, followed by Cas—P, Al-P, Fe-P, and Ca,—P, respectively. We suggested that for crops with deep—
root systems, the best application method was basal application of TSP as it had a low price. While for crops with shallow—root systems ( <5
em), APP-D was superior to MAP-D in terms of soil phosphorus content.

Keywords: phosphate fertilizer variety; phosphorus application method; irrigated meadow soil; inorganic phosphorus form; available

phosphorus
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Table 1 The basic physical and chemical properties of the irrigated meadow soil

pH AL IR Y g Exi il AR A
(5:1) OM/(g-kg') CaCOs/(g-kg') Total N/(g-kg') Total P/(g-kg") Total K/(g-kg™)  Available P/(mg-kg™)  Available K/(mg-kg™)
8.3 5.9 71.5 2.6 0.7 11.1 15.2 212.0
F2 ZThBEER SRR SRR
Table 2 The properties and sources of three phosphate fertilizers
LES ?T'ﬁ’i‘?' . ﬁiﬁlﬁ‘/ﬁﬁ N-P.0-K.0 Mﬁl&ﬁ iﬁ'ﬁﬁj:i%é . AR
Type Abbreviation Active ingredient Acid-base Applicable soil Manufacturer
L BERRES TSP Ca(HPO4),-H.0 0-46-0 Mtk e S i A BRI R A F
e — 8k MAP NH,H,PO, 10-50-0 ik #HRA KA
R APP (NHy, H),:2P, Oy 18-58-0 ok R R AL A PR W

24 %5 4 BEVLIX HHED 1T NG SR .

25 Kb FAR B8 T 36 8 A o b, i BB T 5 it A
100 mg P PARHEII A, FEA 35 00 e R T 58 12 98 mg
N (30% FEiti+70% 1B it ) F1 39 mg K,0 (St ) #h 2 , N
AR 4y B R F (46%) #b FT , B IE A AR AR
(51%) o Fjiti 4 FRAD A 45+ r g IERL R b 3 7T
SYIRATJG I i it B () — Mk K 10 LOH
J] 35 7K 2 1) 809% ) 5 ¥ it Ah B AT 7 IERHA T K (10
L) Ji Bk — i A 38 53R 0 IR) g SR AR o o
IK— R, PR 338 5 K A Sk HH (R RE 7K 3 1Y 60%~80% .
Fig2 2120 d, 1l 586 T 828 A R AL A b, 4% 0~5,
5~10 cm F1 10~20 em 3 B 73 — 2 R4 LA, 7 [
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FHREXT GO EE 33 1 mm 5 0.15 mm 5 45 -
K P 0 =050 4 40 JC AL o3 07 VL i S 4, I
+ 3L 5L 1Y Cay—P  Cag—P  Al-P Fe—P ,O—P il Caj,—P
EH R Olsen—P 3: (0.5 mol - 7! NaHCO5) M 22 1 43

b

FAh

1 AR E

Figure 1 Drip simulation device
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Table 3 Effects of P fertilizers and applications on inorganic P and available P content of irrigated meadow soil (mg-kg™)

phs 0~5 cm 5~10 em 10~20 ¢m
Toatent bl T AL T AL A
Inorganic phosphorus  Available phosphorus Inorganic phosphorus Available phosphorus Inorganic phosphorus Available phosphorus
CK 494.1£6.1d 11.3+0.3d 503.8+11.4¢ 11.4+0.4¢ 514.1+8.3cd 11.0£0.7¢
TSP-B 598.3+26.3bc 56.7+3.7¢ 601.7+12.0a 57.7+1.9ab 614.1+11.2a 60.6+9.3ab
MAP-B 575.7+27.Tcd 55.6+5.5¢ 603.6+18.3a 67.0+7.3a 600.4+20.3ab 74.4+6.9a
APP-B 565.1+26.8cd 52.3+5.4¢ 596.1+17.4a 59.0+9.2ab 591.5+8.6ab 47.3+4.0b
MAP-D 687.7+35.3b 160.1+8.0b 579.9+8.7ab 42.4+9.4b 554.9+37.4bc 18.4+2.3¢
APP-D 783.5+42.5a 192.2+22.7a 538.0+17.7bc 21.6+2.6¢ 502.8+9.1d 17.6+3.3¢

T - [FISA ) NE R FR A BRI 22 57 (.25 (P<0.05)

Note: The different lowercase letters in a column indicate significant differences among treatments (P<0.05).
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Figure 2 Inorganic phosphorus content of various forms in irrigated meadow soil under different P fertilizers and applications
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Figure 3 Proportion of inorganic phosphorus forms in each soil layer of irrigated meadow soil under different P fertilizers and applications
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Table 4 Correlation between inorganic phosphorus components

and available phosphorus in irrigated meadow soil

THLBHEZS
Inorganic AP IP Ca,—P Cas—P Al-P Fe-P O-P
phosphorus form
P 0.971 %
Cay—P 0.97%% (.92%*
Cas—P 0.79%% 0.87** (.78%*
Al-P 0.69%* 0.58%* (0.65%* (.32%*
Fe-P 0.14  029* 0.16 0.17 0.09
0-P 0.27% 0.40%* 0.29* 0.28* 0.23 0.08
Cay P -0.07 009 -0.07 0.02 -0.11 0.12 -0.39

RIS R BN Person HIE R, *%,P<0.01; *,P<0.05, T,

Note: The correlation coefficient in the table is Person correlation

coefficient. **,P<0.01; *,P<0.05. The same below.
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Table 5 Path analysis of partial inorganic phosphorus form content and available phosphorus content in irrigated meadow soil

TALBTE A FHESER R 6] 22342 Z2 4K Indirect path coefficient e
Inorganic phosphorus form Direct path coefficient Car—P Cas—P Al-P 0-P Correlation coefficient
Ca—P 0.89 0.04 0.05 >-0.01 0.98%*
Cas—P 0.05 0.70 0.05 >-0.01 0.80%*
Al-P 0.09 0.51 0.03 >-0.01 0.63%*
0-P -0.01 0.26 0.01 0.03 0.29%*
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