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WA IR MBI R (524 kg'hm™, DL P i), FFJE T WIAFR H s . 00 e F = AloR RV IR A K T PR R, 8 R
JEREAL (CK) | WiERERR—& (MAP) | THIGEERRIR (UP) FIifitRBERREL ( APP) 4 /NAbEE. 38 o 52 R ) Ak AR 76
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Input-Output Balance-Based P Fertilization Approach for Achieving Target
Crop Yield and High P Use Efficiency: A Case Study of Cotton (Gossypium
hirsutum L.) with Mulched Fertigation

PENG Yi', YANG Guojiang’, GUO Xiuli’, WANG Xiaofeng*, EREL Ran’, FENG Gu'"

(1. College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China; 2. Research Institute of
Farmland Water Conservancy and Soil Fertilizer, Xinjiang Academy of Agricultural and Reclamation Sciences, Shihezi, Xinjiang 832000,
China; 3. Agricultural College of Shihezi University, Shihezi, Xinjiang 832003, China; 4. Agricultural Technology Extension Station of
Mongolian Autonomous County of Hoboksar, Tacheng, Xinjiang 834400, China; 5. Gilat Research Center, Agricultural Research
Organization of Israel’s Ministry of Agriculture, 7505101, Israel)

Abstract:  Objective Maintaining moderate soil phosphorus (P) supply intensity and determining the P application rate based
on the P requirement of the crop target yield, and combining with acid, slow-release water-soluble P fertilizers and applied in the
early stages of crop growth is a novel P management approach in cotton. Here we test the feasibility and effectiveness of this
method and provide a basis for reducing the P fertilizer application amount and increasing its use efficiency. = Method A
two-year field experiment was employed using cotton (Gossypium hirsutum) in the moderate Olsen-P soil (23.6 mgkg™) in
Shihezi, Xinjiang. Based on the P requirement of the target lint yield of 2.7 thm™, 52.4 kg-hm > was selected as the P application
rate. Four treatments were set-up with three types P fertilizers: (1) no P fertilizer (CK); (2) monoammonium phosphate (MAP);
(3) urea phosphate (UP); and (4) ammonium polyphosphate (APP). It was analyzed that the lint yield, P uptake and above-ground
biomass of cotton in different treatments. The partial productivity of P fertilizer (PFP), agronomic efficiency (AEp), P utilization
efficiency (PUE) and P recovery index (the ratio of shoot P uptake to the amount of P fertilizer application, PRI) were calculated.
Through stratified sampling, soil Olsen-P and P fractions in different soil layers were tested. Those allowed us to clarify the
relationships between the P spatial availability and cotton growth requirements with different P fertilizers. = Result The
significant results were: (1) The average lint yield of P applied treatments in two years was 2.73 thm™2, which was classified as
the high yield level in northern Xinjiang. Compared with the CK treatment, the lint yield of MAP, UP, and APP treatments were
increased by 21%, 25%, and 11%, respectively. (2) The P surplus was 2.2-4.8 kg-hm 2 and the P use efficiency was 24% across P
applied treatments. The P recovery index of MAP, UP, and APP treatments was 91.7%, 95.6%, and 94.8%, respectively. (3) P
fertilizer applied by drip irrigation in the cotton bud and boll stages can move to the 10-20 cm soil layer, which may maintain the
soil P supply intensity during the cotton-growing period. Compared with the CK treatment, the mean Olsen-P in P applied
treatments were increased by 94%-302%, 104%—144%, and 42%-67% in the 0-5 cm, 5-10 cm, and 10-20 cm soil layers,
respectively.  Conclusion In summary, our results indicate that maintaining soil available P near the agronomic thresholds and
determining the P application rate according to the P requirement of the target yield, and combining with acid, slow-release P
fertilizer and applied in the cotton bud and boll stages can improve lint yield and P use efficacy under balanced P input-output
conditions. Furthermore, the P recovery index based on the balanced P input-output can better reflect the real P use efficiency.

Key words: Yield; Ammonium polyphosphate; Urea phosphate; Phosphorus use efficiency; Cotton

T - IR RO BEAL Y R AR, e B0 () -t e i) 44 0 o 20 AR P 44 A 0 2
FEJEPRR . L B BT E RS, A ImRER,
AREIEARRBAL 2 I E , B0 DR S Mk fe R WRIL A R A ZRhagte . MRIKCAE P,
SE AL AR LAY 1 SRR RO IEREIR AR A W B e e AR A AR N AR AT — R A BEA T AR XA |
BEFRER AR 7 MEORHBE R e A v b s B2 IR BRAE SR BRRMENT R (fneRRRE: ) R4 ARE . B
HEPE BT 5 LR AR R ANV L S ad il REAE e 3L B i R i st o i 1 0 300 P 45
BRI B R RO B, R A Y TR RIS R ROES, Sl B S 1Rk
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FUCHL, e O 1 58 rb gk 6 1 ol A ol o 1 2 38
Ve BRI X T AR R TG AL R R 0 VR
(g A Jhse . SRMEY) ) TS B T A
TPERE IR A E LR, SRALAE LR i
BEGUEDY) . DRAR BRI LR BN, EREIE TR
NS G R0 SR P ) S /N LE W R AR A - 8 A otk
MIREAR . SR, SR L3 Jr vk i an SRS 2 ek /0
IS P 52 X L A 8 v ol S R FH 2 014
TR B . A RBIAR TR = R
T AR SR FH 0 2 0 208 ) e, AN FE T A
BT (R RO AR 2 B B, R 2 HEME
WEVEY N 15~20 mgkg ') EMIRAES , A,
FRBEUE Y T RE . PR AR LB T 22 A ) i S I
F AR SR PR A BE AR BIAR N Fe RS, BEEHEY)
AT SCEL 85%~90% 1= H vk St 10, i 51 40
ARNA), ph e it AR TR A IR R AR TR
KAETH (A8 F-1 8 24.7 mg-kg ') M, 2477 35%
A H 30 S A (MR 15 mgkg '), 45%K)
A A SOk A T8 BKSF (15~25 mgkg '),
G341 249 20%4% T+ 3 B R KT 25 mgkg ).
X R R 25 R 3 e K it P B AR T IR R I
(B B AT 55 C B AR SE A, i % ol IS R ik 4
TEN M AE 25 AR Y B AR ik T il ALK A A
b7 R BE AR AR AE 20 mgkg ! X P FTHE T R HEAT A
TP, DI AR R A A RCR Y Mk
b Az 7= e g AE G K TR Y B bR R T
L, R IR B RERS R AR IRAE, B T RE R R
FEARVEY A 7= P OB AR A i L 4R S B AR RCR
W2 —% (NH4H,POy ) 21 FH ) 12 1 e VA
BB —, pH A 3~5, FEf K3 Ay AR RE
WO T B RS M RR AR AR B IR( CO
(NH,) ' H;PO, ) BiE T /K, pH 1.6~2.4, Sk,
Tt A 3 J5 AT AR - pHL B A7 B X B Y
5 o SRBEMREE ((NHy ) (ne2) PuO (pep)) TEA 1 HEJS
RBZ ALK R IEBERR SR, Bk G0 T 38T B 0 PRk 3]
SE, BEMGINEEALTE e AL shiE g 10 Rk,
AR AL SR (A5 R0 23.6 mg-kg ') AR
- T REAR AR R R B S, s AR 1 ]
I IR F R 7 Ao 1 A T A F R
BRFIF RS, 3 i P S sl 5 398 1 S e ) 1Y) e ik
JEE K R IR — e . ik A AR Al 2 O 2% T T 2R
WEMREL , K MAAE T 1 AR XA R A o 8 4 R A 1

ELVE IR, 4 R A - A, dERROR
IR RN AN KA, AT S BUVE Y 7 R AL o
BRI H AR

1 MRSITk

1.1 RIEHER

IR T 2018 4E 1 2019 4E7E 8 5 A1 Il B gk
RREBE IR H (44°31'33"N, 85°99'16"E ) #EfT.
PRI XK 450 m, & ML (43R A A Rl PE T R A
FEH=10CHHIE 3 650°C, FHEKE 166 mm, it
RO FROR L, BHE LA NLR 138 gkg !,
BAR 31 mgkg!, WAR 75 mgkg!, &4A
0.90 gkg™', AXHE (Olsen-P) 23.6 mg-kg ', Hk
B0 378 mg-kg ', pH 8.20, HL$% 242 pS-em ', fi
AR AP R B K18 ( Gossypium hirsutum, var.
Xinshi K18), LI “THEWH" #7557 2018
4E 4 H 21 HH 2019 4E 4 A 25 H#EM, Mgk
MR, —BE 6 4T 3 ZRIMUENT, #REE 10 cm,
RN . 1T RCE N (20455+20+55+20 cm ). i
PSR 2.0 Lht, RS BEK, 6 A
10 HZEATEE 2 K, Z AR 3 7~10 KR
1k, 8 ATNANEK, TR 10 ¢, SR
1 300~450 m*>hm %, & F W EHEEE 4 500 m>hm 2,
FRAEA T | $T T K A P15 e 2 M8 A 72 S PR b AT o
1.2 Rt

kg BARm el 2.7~3.0 thm™ I, FiEHs b
TR R 43.2~64.2 kghm 2 (DL P 3, FA)U7,
FIIATSE & B0 A2 K= 4 2.7 t-hm 2 BF L b 3 s
2] 48.0~502 kghm?*. AHF 5 A H Ax = & K
2.7 thm>, HRHEEZ 5 A - T 00, A it P
%K 52.4 kghm? (P,05120 kg-hm?), ikEi% 4
ANMbEE, ERE 4k, 316 MRE/NX, X
72 m*o 4 ANARERSR R R . RHEEHEIE (CK); it
R —4% 52.4 kg'hm *( MAP, & & 12%, &% P,05 61%,
WALFE R (R fb TR A FRA T ); 4 i 1R Ik
52.4 kghm? (UP, &4A 17%, % P,0s 44%, )il
ERUTABRTATA T ); it R B fREL 52.4 kg'hm >
(APP, &4 18%, & P,0s 58%, =ML TH
PR ) MRAEZEE EUS AR 45 5, A WAL A
T E I REAZ B m B R AE P AT RS I S |
BEAE MR, Bk, ASHIFS it il b 2 0 i AE 7F
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B (1R, 50% ) FAEE (1, 50%) 43
PR KRG, BRI AR ZE T A R R &
FRAEEA L F WM, A0 225 kghm 2 (AN 3),
JEAPAE 75 kg-hm? (LA K,0 i), iR A A
PREZE, PPAEMBRIRER . ARAETE W 15% A, %)
eI 15% A0, BALHEE AL 20%, 64510
T AR 30% . EHEATAE 50%, BEAS 1013 i 2
20%. THEIEFTAE 50%.
1.3 BESSHAE

RV TR K 5 W A 1 BT A
PERE O IR AR AEAR X e e mhnm B, PR T sh&R
B (1) FEREHFE: 2018 4 5 A 20 H (JFA M #E
NEHT ) FEREAS /N XCR SR 1, B4 /NX BEHLEL
3ANEIRG A — RS BUREER 42 R 0~5 cm 5~
10 cm, 10~20 cm 1 20~30 cm DU )2, (2) 4
B 4300 T 2018 4EARAEAEEE ) (7 A 11 H )
12019 4ERAAEAEEE ] (7 A 24 H ) BU# 3R
DU e AR AE P ek, ] B A7 A /0N DX A 48 ) T A o
DN A 850, FEREAS /N IXARAEZE AT TRIBEALI 3 A4S 45
IBER—FES B REE 438 0~5 cm . 5~10 cm .
10~20 cm A1 20~30 cm PUA4~+ 2, (3) BEEAMR
B O T NSO R B R R P B SR
fE, T 2019 FEARAERE 2, TR LA T 55> 4 2
B 0~2cm, 2~4cm. 4~6cm 1 6~10 cm T 3EFRE
ity CHCRES B LI 1) [R) Aot B sk o iz o7 ¥ (Rl 1 A
SUFE 1D ) AUk g (K1 B SRR 1C
) FRAEAEAR R A R, SRR

M= J7 vk . ML (2018 4F 9 H 23 HAI
2019 4F 9 H 25 H ), TERA/NXBENLRAE 5 ik L
M b FREE S, FBRERE PR  [FIR AR A
K /NX A 6.67 m* PIARAEREBORIES B, I REALR UL
ANKNAERE B o RERRAESE 100 g%, AR

% WUREFHAE6 cm

DA
A Dripper position g

Kl 1
Fig. 1

1 . X
{’g‘ Diameter of samplin%?‘int 6 cm ‘!’3
S o g

WAy, AR

- HERURE R AR S VS . T AR A K
T, LA 1 mm S FEN . -5 %08 pH 8.5
i) 0.5 mol-L ™" NaHCO; iZ4% , #HEHL L A7k & .
FRRRE S 105CA TG, 70°CH T EiEE ., MY
SRR L FLAE 0.5 mm B, ¥ H,SO,-H,0,
THA, PUBH B L e A T il A, AR A
F A6 45 28 B 00 A 9 ik RVl 5 s 1T AR A Wl
2018 AEACAL I T B - S RE A, 4% 1R Guppy %17k
T W5 g0, W@ + b W IE B ( Resin-P ).
NaHCO;-Pi . NaOH-Pi . HCI-Pi FI 5% ¥ W
( Residual-P) [{#&& .
1.4 BRI ERITHE

Tl 22 3 0L 1 FH T 38 AF B A o A T %) 280 A IR
o WSO B A A 3wt 32 W i it 5 A A FH 2 1Y
T 53 bR B Pl 25 a0 A5 AR, Kk
FebrE R L % (P recovery index,
PRI ). PRI 4T 100%7%7 4% H B 2 iy A 5% b T
PR, NT 100%RAFERE R 4, KT 100%
W FeoR IR RAFAEAE . TE4ERE R bR R AR
SEMIATR T, PRIGEIELT 100% 2 725 14 % i HE 1 24
2 ) B P00 PRI IR0 A DU 58 A A1 40 ) i S
B T SR AT . PRI (7] B 52 A 40y VR 0l 0t 3 £k 52
W, BEME S MR = f KT B AR SRR AR
BURABLEA RN . BEE A A% (PUE) J&EAE
ARG R I — A2 G IPMF8hn ,, SZREIEPERT |
it A DX RN 25 1 X AR 7= KO L Wl o A R it i o
GHFER W, BEAE A S (PFP) S BT Jit
RE B VEY A r= e, 22 7= i KPR il i 1 52 .
B 2450 (AEp ) S it AE 38 7= %000 19 7 5 1A
At Pt . B i 8 25 R M i TS 1 A 2 RO
RS R AR T

WORE TR
Sampling depth

0-2 cm

2-4 cm

4-6 cm

T 6-10 cm

C Drip irrigation pipe D

B N ok 5 Y G BN A

Schematic diagram of soil layer sampling under the dripper
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W R KMV (kg'hm?) = JfmiE/ (kghm?)
Ve s/ (kg-hm?);

24 2 i AR B R /%= it W XA W R B
(kg'hm?) /i / (kg-hm?) x100;

WA Y 2R % = (it B X AR 40 W% % 4/
(kghm ) At X AEY B 2/ (kg'hm ™)) /it
1/ (kg'hm?) x100;

AR A2 7= J1/ (kgkg ') = it i Xz A 7= 4/
(kg'hm*) /itidff/ (kg-hm?);

BEIE A F R R (kgkg ') = (i X Bz b = i/
(kg-hm?) — At X 2 M =i/ (kg-hm2)) /i i
/ (kg-hm™),

1.5 H\LEBESITSH

%045 FJ Microsoft Excel 2016 #4738, ] SAS
9.4 A AT B, A S RAER R
SigmaPlot ( Version 14.0 ) #K{F5E . HPRR R 22
ST ZE I (/N 2251k, LSD) 40ii4s
ARGy R it A AL FRXT AR AL P 5 . b A . M
L ER R . BEACA AR SR AR S (T
XTESCA T 30 53 AT i S XoF I A6 5 R 30 2 i =k o7 B A
PR BT BE 1 25 57, 8 A A0 5 () 0 A XA A6
WEEFER R . i SigmaPlot XJ#FZ 1 76 %k
O3 A RS AT AT, PR A AR AE AR X 1
Bw o B YR AE L AR FE LT 0~10 cm )2
[F]— TR B2 A m] — o7 ' 4 > 52 098 RO 1 1A,
MR- B RN 23 [l o7 B (K B R 2R ), 7
SigmaPlot HH 8 & 43 A5 19 2D B, EHER
BB AN LA E R, PRERAR L2
R, BRI RO E 1 KN

2 4 R

2.1 AREBEmMIEREM EREMERN
A
R T = e QM N iR 074 W B ¢
FMRre A BEES (P<0.001 ), 2018 4F, MAP,
UP F1 APP AbBER) AR =S4 CK AbBE A HI4 =

13.7%. 20.1%F1 11.5%, FHr UP. APP 4b# 5 CK
AHEBEL 2 ) 22 5 3%, 1 APP Z4bPE5 CK Z A6
WS, 2019 4E, MAP. UP I APP &b 3 AY 2 4
PR CK AR R 5 29.1% . 31.3%F1 10.9%,
MAP FI UP b3 i) Bz 4 = . 3% 5 F CK Rl APP &b
HOE2),

4F CIJCK mmMAP EEUP 2 APP
a
3L a ab a a

b = =
- % c b

JeARP=E Lint yield/(thm™)

2018 2019
HAn Year

H: CK: ANHiffAC; MAP: Jifi SRR —&; UP. Jitif#k

BRNK; APP: Jiti B IRE: . ANF/NG 8RR R —4F A5 AR b

HE) 25 8% (P<0.05), FIH. Note: CK: without P fertilizer;

MAP: mono ammonium phosphate; UP: urea phosphate; APP:

ammonium polyphosphate. Different lowercase letters indicate
significant differences between different treatments in the same
year ( P<0.05) . The same as below.

B2 AN[RIAEAL A Fof Ak 20 R A 7 B Y L

Fig. 2 Lint yield in different P fertilizer type treatments

TE 2018 4E3EFh 5 68 d, A [ i I it Ao Ak 4 A3
AEH A ) 0 W 2 25 R ( P=0.77 ), J IS Tl N (5
— YN —JR ) Tt AN [ 4l XoF Al 6 1 26 K T
FRW; FERS 81 d, FaBEALALFHM A YA B E
FARMHEAEALH ( P=0.006, & 3a); #&F 155d )5,
5 CK #itk, MAP., UP F1 APP Zb# [ [ &RA= %)
BT 16.7%. 30.2%F1 29.7% ( P=0.009,
&l 3a). 2019 4EFERH 90 d J5, UP I APP Ab B i
AR AL N, B CK R T 24.1%F1 32.4%
( P=0.024, ¥ 3b ); #&FJ5 153 d, 5 CK Mk, MAP,
UP il APP Ab #4138 A= W 43 38 n 1 19.5%
23.6%H1 19.7% ( P=0.009, Kl 3b),

2.2 [E)HERR G A X AR TR RE IR U AN R AR R Y
A
Jite A Sk 2 et v AR AR R [ IR i (P<
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0.001 ), 2018 4F, 5 CK #Hkk, MAP, UP F1 APP 4b
A BRI T 31.4%. 36.0%F1 35.2%,
AN [R]85 S ot e A R ) I 58 K gl i 2 (B I . 2 R

(&l 4), 2019 4, MAP. UP Fl APP Ry Hb 35 0 i 2
ArEsE CK B39 30.0% . 36.3%F1 35.1%, UP 4k
FRAY b TR i 3 = T MAP AREE (& 4),

a
T | g b) .
TR =
S»3- [J T [ cx 7
g [ map [ map b
E o b 20- N up T
= 20 224 avp NG
=]
&
[
z 15 . 177 ab a
< s LT T 0 b
I b
i\s
ﬂ ns Sr
* L OOmZ
0 | 1 0 |
68 (751 Bud) 81 (144 Boll) 155 (2244 Maturity) 90 (FEE44) Boll) 153 (1 £24] Maturity)

= H A Growth stages/d

# H A Growth stages/d

T« ANRING FEEF R AR R A2 K By B 6] b Bl TR] 22 53 8 3% ( P<0.05 ), ns 78 JC B 35 22 5% . Note: Different lowercase letters indicate

significant differences between different treatments ( P<0.05 ), ns mean no significant differences.

B3 R[EIBEAL A FRALHE 2018 4F () A1 2019 4F (b) i AW AL
Fig. 3 Above-ground biomass in different P fertilizer type treatments in 2018 (a) and 2019 (b)

[CJCK T MAP EEER UP EZZ] APP

60+

a
a
a b

ol

4 b ¢

a ab

7

—

Hb b3 Shoot P content/(kg-hm™2)

1 1
2018 2019

A5y Years
B 4 N [R) WA A b A B 1 R IR l  Y) LLA

Fig. 4 Shoot P content in different P fertilizer type treatments

T It A [ Tl S Ak 381 1t 2% - O I 3 25
(£ 1), BBARETE 22~48kghm?, 2018 4£, UP
AR BN A 77 0 3 T MAP Fl APP b
7.6%F1 8.5%; 2019 4 MAP F1 UP Ab 3 i) i AU M A=
FEIIRRY 23 W T APP AL BE 14.0%F0 15.3%( % 1),
2018 4F, UP AbBEAL R 22B0R =, K MAP FlI

APP Kb BEES 66%F1 79%; 2019 4F MAP #1 UP 4b 3
AR B 4R 2 380K A3 53 858 APP AR B 5 1.4 475 F0 1.5 4% .
2018 4EHI 2019 4F, UP Ab B A BEAL 24 25 41 ] R 1y
HE, R 25.5%H1 25.6%, MAP Y AE 24 2= F)
FHRE- 3445 UP AL BEAK 3.9 A~ F 4345, APP AbFHEY)
B AE 24 2 F1) R AT UP Ml MAP AbFEZ[H] . 2018
AR, AR A 3 Y S A TR R 92.6% ~
95.8%, 2019 M ZEHEERILEA 90.0%~95.3%
(1)

L4 2018 4FEF1 2019 BHAEDZ5E 5L, UP Ab B Y %
BATH 2.3 kgthm ™, KT MAP 43 (4.4 kg-hm™?);
MAP ., UP F1 APP &b 3 () AT A 25 7 1 43 3R 53.0.
54.9 il 48.7 kg'kg ' UP AbFEAYBEAL AR AR R e i
108 kg'kg ', MAP M 8.5 kg'kg ', APP ffik, 1%
A 5.0kgkg'; UPALBERABEAC S 2R FH R e,
25.6%, MAP b3k, 4 21.7%, APP A3y
24.8%; UP AbFEAY >4 2= AL Il il 2 fe v, 3X 3
95.6%, APP 4Ky 94.8%, MAP AbFHEAL, N
91.7%.
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F1 FELEBRBRUTE. SERESH. BERFNE. #EYFHARMETHBLKE

Table 1 Phosphorus balance, partial productivity of P fertilizer, agronomic efficiency, P use efficiency, and P recovery index in different

treatments
n BER V-5 WAL i A 7 BRAL AR 2R BRAL 2 2= % 2 ZERENE i
P balance/ Partial productivity of P fertilizer/ Agronomic efficiency/ P use efficiency/ P recovery index/
Year Treatment
(kg'hm™?) (kgkg!) (kgkg!) % %
2018 CK —36.9+0.6b — — — —
MAP 3.9+1.3a 53.3£1.3b 6.1£1.3b 22.34+2.4a 92.6+1.8a
UP 2.240.7a 56.3+1.7a 9.9+1.7a 25.5+1.4a 95.8+1.4a
APP 2.5+0.3a 52.240.4b 5.6+0.4b 24.9+0.5a 95.2+0.5a
2019 CK -36.6+1.0b — — — —
MAP 4.8+0.6a 52.6+0.4a 11.0+0.4a 21.1+1.2b 90.9+0.5b
upP 2.4+0.9a 53.54£0.7a 11.8+0.7a 25.6+1.7a 95.3%l1.1a
APP 2.9+0.6a 45.2+0.3b 4.5+0.3b 24.7+1.2ab 94.4+0.6a

1 RNEVNG FRER R — A AR AL B A 22 5 . 3% ( P<0.05 ). Note: Different lowercase letters indicate significant differences
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Fig. 5 The vertical distribution of soil Olsen-P before fertilization (a), 2018 (b) and 2019 (c¢)
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Fig. 6 The proportion of different P forms in each soil layer under different P fertilizer type treatments
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