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Effects of phosphorus rate on maize yield, soil available phosphorus
and phosphorus use efficiency by double-bed and furrow-sowing with full
plastic film mulching in semi-arid field

TANG Wen-xue', MA Zhong-ming®, WANG Jing-cai®, LU Ying*
(1. Institute of Soil , Fertilizer and Water-saving Agriculture , Gansu Academy of Agricultural Sciences , Lanzhou, Gansu 730070, China;
2. Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China;
3. Dingxi Academy of Agriculiural Sciences, Dingxi, Gansu 741100, China;
4. Sichuan Agricultural University, Ya’ an, Sichuan 625014, China)

Abstract: To focus on the issues of unscientific fertilizer application and lower phosphorus use efficiency by double-
bed and furrow-sowing with full plastic film mulching on the semi-arid Loess Plateau, the effects of phosphorus rate (0 kg
*hm~2(CK), 120 kg*hm~2(P1),240 kg-hm~2(P2) and 480 kg*hm~2(P3)) on maize yield, soil available phosphorus
and phosphorus use efficiency were studied from 2011 to 2013 by using randomized block design. The results showed that
yield was significantly increased by application of phosphorus, but went decreased by excessive input of phosphorus. Ef-
fects on yield followed the order of P1 > P2 > P3 > CK. The accumulation of soil available phosphorus was elevated with
the increase of phosphorus at the same growth stage, the increment of soil available phosphorus accumulation by phospho-
rus treatments was higher than that by no phosphorus treatments. Compared with the basic phosphorus before sowing in
2011, the accumulation of phosphorus in 2013 after harvesting was increased by 53.6% ~ 208.5% . The phosphorus use
efficiency became decreased as phosphorus increased. The quarter and accumulative phosphorus use efficiency reached
maximums of 15.51% and 13.91% , respectively. Taking comprehensive considerations of maize yield, phosphorus use
efficiency and the ecological environment security, the suitable phosphorus input (P,0s) was 120 kg*hm™2.

Keywords: accumulation of soil available phosphorus; phosphorus use efficiency; yield; double-bed and furrow-

sowing with full plastic film mulching; maize
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Fig.1 Precipitation during maize growing period between 2011 and 2013
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Fig.2  The accumulations of soil available P under different
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Table 1 Effects on maize yield of different phosphorus rates

o BUFSE 2020
Treatments Yield in 2011 Yield in 2012 Yield in 2013
/(kghm=?) /(kg*hm~=?) /(kg-hm~=?)
CK1 3544c¢ 9522h 8438¢c
CK2 4689a 9777b 8791b
CK3 4689a 10331ab 8825b
P1 4844a 10318ab 9194a
P2 4811a 10494a 8721b
P3 4367b 10001ab 8651bc

2011 AEXH IR CK1,2012 43R CK2,2013 4F3R JH CK3.
Note: CKI1 for the experimental refers to year of 2011, CK2 to 2012,
and CK3 to 2013.
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Table 2 Effects on phosphorus use efficiency of different phosphorus rates

BER = R i BRI A=
b2 P rate/(kghm=?) P uptake/ (kg*hm~2) P use efficiency/ %
Treatment 2011 4242 2011—2013 4F B 2011 4247 2011—2013 4F B 2011 45242 2011—2013 4F ZH
2011 Accumulation of 2011—2013 2011 Accumulation of 2011—2013 2011 Accumulation of 2011—2013

CK1 0 0 17.95 85.63

CK2 52.4 52.4 25.52 98.27 14.45 24.13

CK3 52.4 104.8 26.44 104.85 16.21 18.34

P1 52.4 157.2 26.27 107.50 15.88 13.91

P2 104.8 314.4 25.99 107.62 7.67 7.00

P3 209.6 628.8 21.33 99.20 1.61 2.16

3 ghgSitie

FA A2 N B A NS X B v S
FATEMEM . SRS K 308t fL A AT
S| w0 VR T B S i N N W o S L
it A R T o R,
A ARG, - S A SR AR S, A [R] it
AL P A 8 Ak ol SR P 2 S 34k 1B 2 KO 2013
AEICAR i, P1, P2, P3 Ak B SO B AR 4 B A
104.11.123.01 kg*hm~2F1 209. 10 kg hm~2, M FE A}
Ty BIBEAN 53.6% 81.5% F1 208.5% . if A%
ABIE S BUOR R Rk B R b, sl
AR X - R R R T S R R R AR
AT RN A AR ES ) 1 e 3R 0 [ s e A . XA
FEAEIT R PG A BRR A2 S A 3 1 B Rt
ZWFFEAF 2 13 Olsen - P 5 8 /NF 23 mg-kg™!
B, -3 2N RV SR A & AR R 5 1T 138 Olsen
~P & KT 23 mg-kg B, HIERE R KA
I LA EBFSE AT AT, A 38 rp s A AN i LA} 2
PR, M 20 S 1k B Wl 2R W SRR R IT & AR IR

[t 52 BTG A o AR I A Xl 2% A0 T A 3] 2 A T
W, FAE T — e i A

Jita v IS SR e Pt AR R R R I
Wk oy FR A BORE 1510 R e = AR R 2
R A IE R S 38 1 6K 7= [t ol o ) 39
T, K A ST B A I HL R PR AR R
FIXETN, = IR AR /N SR P1.P2 4B 2013 4F4%
T S AR 5 F AT (H T RE R AR, ORI
IG5 X IR CK3 A EE, P1 AL P 7= B 48 7= 368.99 kg-
hm ™2, 1 P2 AL BV 103.59 kg-hm =2, AIEIA K
IR S TR T 42 mg- kg I, AR S i
SPECEOK” . XA O, 2 O I A
SARMEVEYIE AR F L T RE B, HRER) T K T
BT, & KA H iR T, 5 EEY it
FLRE RPN, PR 2 A e 3R 2k
7, PET P ECE KB IR RS R R BB,
BN REER S E Y™ i, e 23 A K 5
YEVI AR Y 0 EBE BRI A 400% R R R DA AU AL
WA RS RIR B AT, 5 T A
N[BT A 101 LE N N s



55 1

JE S A5 < T 0T 7 3 B U2 7 T oK™ e SR i A A HE A R 52 ) 73

AIPRIE , U0 PR P R BT 5 58 i 2 U 8 2 I 28 4

AT e I R AT ] 23 ot gl A e P 1) 5 o 22
FEARAT R 2011 AR O0Ab st & T , B AE 24 2= 41
TN 15.51% , 7F /= it BE 5~ B AL A R %R
7.67% 1.61% ., 2013 FFWEIE 23t H R B R & T
2011 420 F R H Sl i T, BRI Rt R %
ARG o 33X 45 2 1F 0 R o s W P o I A
HELAI 2R, IE BAR T 10% , 2% = 4R i K
AN i it A kK e e, 5 50 2RI FH R RRAI , B
SREMAFHRIET 15% 458 2 — 8. 448
ORI R T RCR AR SRS 4, P, Os
B3 B AR LA 120 kg hm ™2 H o

2 % X #:

(1] igvp 22475, 22 a4k = R B SE 48 e H b iy 2k
YA T] RS ARSE , 1994,2(1) : 16-23.

(2] BZIEE, 2004, I, & ek it i fe oo ox (],
AolrBHE F4,2007,9(2) : 57-60.

[3] KRR B SR AMAELT]. KRAKREER, 1998,17(4):25-
28.

(4] & ansh 3R A B P IR AP AL =0 2% 1 B0 9 U5 Ak AL
AR]85, 2004,36(2) : 113-116.

[5] Mgk, bk 2,38 TBEARE S A AR E MR [T]. +
AR, 1995, (6):1-5.

(6] FRAGHL, R E . TS & b A1 K - T 4k )l
k()] . £, 1997,34:282-291 .

(7] 3 B AR, L FAEE RIS KR 3R
BFFELT] . TS X AL BT, 2006, 24(2) :8-17.

(8] AR, FAMAL, 247 . M 1hi 7 o5 A PR K 3G =80 ny S ELHLHL

[9]

[10]

[11]

[12]

[13]

[14]

(17]

(18]

[19]

[20]

FE[J]. TR AL AFFT ,2008,26(3) :50-54.

T, RS, 258, 55 BT R 1K 0t 4 R
LW A [ H R Al K22, 2011, 1(2) 2 22-
29.

XM IR, TR, 45 R TR R AR A O T 4 AR 1 4% &
K S SRR A S BRI ] T R X AR
WF9%,2013,31(5) :61-67.

WA, AR, BHTNISE, S KRG AR e R A
SRR . H E AR, 2006,39(1) : 102-108.

TrE s B R B R SR R R A (0] K LA
WF9%,2003,10(1) :71-75.

WAL, B3, ik —F, 45 K IR AE ST AR 1 - e R e g
sz [ 1. 0 AR 3244k, 2004, 15(5) : 787-789.

XURIAE 7B, B B . A< AR )t AT A 44 w0 B (1L 0T
FELT]. PE AL AR AR K225 i (A SRR # IR , 2003,31(3)
123-126.

2% T, SR R R HE R TR /INE I SRR K 2 ik A I
NE[T]. TR X Al 5T , 2001, 19(1) : 72-78..

TN, TN, 2 75, 45 iR X R /N2 R R T )
BB B B (] T 54 X Al F5Y, 2011,29(1)
115-121.

WKERE, S EZE, 0 3, % BRI 200 e sk
B FOKWE 2 W A 7= R s e [T, S ARl K2 4R,
2006,34(4) :470-474.

22, AR 1 . R R X 5 b SR oy T M AR A
Knyszm[J]. + 3 ,2009,40(4) : 860-863.

I N I 1 O N V31 7 S O I 5 S a7 g 7
SIS FUR AT RS [ 1] B 3R 5 IR A 7, 2009, 15
(4):793-798.

Wt AR I AR R BRI B R T SO - e
FARBL A2 [J]. Pade Al =4 , 2007, 16(5) : 118-123.



