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1.1 iR
RIGT 2024 GEAEH 58 A= @ W e A 55 DU 76

(80.86° N, 42.96°E, ik 1615.3 m) Hl 77
(80.86° N, 42.99°E, ¥4k 1646.6 m) #A7, W
S TR L Bk Va2, & T K B it e, A
BRI 2.9 °C, KR 200~500 mm, 55 X
0~20 cm #t 2 T AT PR LR 1.

F 1 AEXREARBUMR

Table 1 Basic physical and chemical properties of soil in the experimental areas

- g | TREE e SRS S AR
E erin;;ntal area Soﬁf t Soil bulk density Electrical pH Available Available Available hydrolyzable
P P (g/em?) conductivity (mS/cm) phosphorus (mg/kg) potassium (mg/kg) nitrogen (mg/kg)
76 [4] 76th regiment 451 1.4 158.6 8.4 17.2 217.7 98.9
77 [ 77th regiment JEAR B+ 1.3 146.5 8.3 11.2 162.0 71.3

1.2 Rt

IR AW F R X B E, EIX R 2 Nty
X (MD , FHPA—IREREIEE (BF) R X
JEAE (TD) , A BF AbERTF-45% Fhmn — b 5 i i
JE, TD AbFEAZFEAE 70%. FEE G 15%A1474E 15
J& 15% (1) b As i 17 EE 43 Ot AL s @I IX A 5 A it
KT (L), SRAE MR (202.5 kg/hm?, Pioo)-
WL R 60% (121.5 kg/hm?, Peo) < 5 HLH & 40%
(81.0 kg/hm?, Pao)  AWEBEAE (Po) FIAJEAE
(CK) 4b#E, it 10 MbEE, BENLHEZ, &b
HE 3R 2 MR T AE R, AR/ X
N 200 m? (10 mx20 m) o AHilBEE A =i R
5 OCHEAE) AR —8 CGEAE) .

& CK ALFR AL, 25 Ab 3 5000 FER AE 48 — i
(225 kg/hm? N F1 45 kg/hm? Ko0) . Hdiz B & e
(30%:40%:30%) ~ HE (40%:30%:30%) [

Bb A5 23 O I 7K e o 2B R B 23 i) DA R 25 R
R flHFENERFCON TR 16 HNEFITIHE
(15 cm) Fifd, & MEETREE 4 177/0 32,
B [E] 2 2024 4F 4 H 25 H, Wk 8 2024 4F 8
H 23 Ho At 77 X R 2 X HAE L.

1.3 MEERSHE

1.3.1 #&5etsFimstaE (SPAD1E) T4
TR A7 76 JHAE & AL PR BEALIL 20 #RACR AR K
/N, A BRI E RS, RA SPAD-502 if4¢
R CR[JeR3EREE, HAD MEH/NE 3 ZEMiE
it SPAD 18 .

132 F#HAREE  THRIH. . S
FI RSP TE 5 AL B2 M 2R E 4 A 1 m? FETT, W
My bR ST [ED, 105 °CoR T 30 min, 80 °CHET 2
fH S PR E

133 ZAEAAMAREF T RANIE S LK
B 5] 1) DX 800 BX 1.2 m? FF 7 0 5 RS R R =
B, FAESEEE 3 DTN AT, ok
JERFFRE, ME RS KE, &/ NXEEHLEE 20
MRASH ISR /N Z AT R, R, B
TR,
1.4 HEALE

K H] Excel 2016 F1 SPSS 27.0 AT i % ¥ 4
577 228, KA Origin 2021 347 [81 V5 K 46 5%
o . AHRIERR T AR B AR )
(phosphate fertilizer productivity, PFP) =jififi [X
;e B/ AR B BEAE R 22U (agronomic
efficiency, AE, kg/kg) = (Ha®X /==X =
) /B .

2 HBRESR
21 FREMBS R TR SRS N EEK
oA

MR R DHEE R (F2) £W, M. i
T 7K S FL A2 HAE 6 i E A /N2 ik i SPAD
(15 M PR G0 b 5 A2 AT 5. BRI S, =Y
X /NFE PR = AT SPAD {H A B2 5 . Ttk 7
X R AR /N2 AR AR KA A 1 5 T 34 08 R
KOs R 7 2% 76 471 IR R R
55, EXF 77 B A B AR AR A B 2 5

15 2 ANaBe e, BE R LU RO,
F Itk BN 5 ISR, S57E Peo ALEE
IEFNEE () 1a) o Poo KbHIFR R 23 =T CK
A PoAbEE. 5 CK AbFARLL, HhifEH 76 4] TD-Peo
F1 BF-Peo AL AR 15 B4 R 73531 19 22.8% 11 23.0%, 77
18153 514 8.9%A11 30.4%; 461 76 14 TD-Pgo
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Table 2 The difference in the effect of phosphorus application methods and levels on plant height and SPAD value of spring wheat

Crops

76 [4] 76th regiment

77 [ 77th regiment

8 5 RUR Hh#H 4] Heading

#1463 Flowering

Hh#EH Heading #168 Flowering

Source of variance

PR Plant height SPAD  #kf Plant height

SPAD  #kf Plant height SPAD  #k7% Plant height SPAD

T M 81.86™  65.50™" 4.40 6.42" 5560  72.58™" 195.66™"  74.17"
it 7K L 22,95 21.40"" 8.66™" 17.19™ 52.79"" 46.32" 29.43"" 44,00
Tt Ao KT MxL 0.92"" 9.41™ 2.15" 3.06" 13.37" 14.17" 1.52" 9.22""
wer e g @ RIgORE P<0.05. P<0.01 F1P<0.001 KTEMEE. FR.

“rr @ and “™” indicate significant influences at P < 0.05, P < 0.01 and P < 0.001 levels, respectively. The same below.

A1 BF-Peo 40 B (13818 73 501 4 13.1%H1 4.5%, 77
FRIBEIE 23 A 7.9%H1 19.2% . 5 200k s 5%
M) R0 960 M AN A2 7 17 5%, 76 AR BF AbEE ()
PR T TD 42, 77 BfEA AL TD 4b2E
¥IET BF kb3,

SPAD {HEAZEH Sikm—i (B 1b) ,

B il fEHI BF 4b 3 BF treatment at heading stage
O JhfEH TD 4L EE TD treatment at heading stage
764 76th regiment

abab

Plant height (m)

P

CK Py Py Pgo Pioo
AbFE Treatment

77 B TD A HE B TR . 76 FHhFE R4 18 1

TD-Peo ] SPAD fE #5225 /= T CK #1 Po 403, 5

CK AbFEMIEL, HhAEIY] TD-Poo AFIE I T 16.8%,

L] TD-Poo Kb ERIE N T 19.1%; BF Ab3 5 R

KPR 2R AR . 77 BRI 4E B TD-Peo

AEFRI) SPAD EH 352 % 15T CK. Po Fl Pao A0FE, Hl
O #1{6 BF 4L ¥ BF treatment at flowering stage

B #46H TD 4 ¥ TD treatment at flowering stage
774 77th regiment

CK Py Py Peo Pioo

ANFE/NGFER R F iRt B —B AR BEE P<0.05 K PFEREE. FNHE.
Different lowercase letters indicate significant differences at P < 0.05 level among treatments in the same experimental area and period. The same below.
E1 E#SARFKESENERELEBEENKSS SPAD ERFM
Fig.l1 Effects of phosphorus application methods and levels on plant
height and SPAD value of spring wheat at different growth stages

FEH BF Ab PR 8] 2 AN B3 .
LREPNA, &R IR TD LB A LI 2L

FEEAR Nk E Al SPAD M, Rt FNEAEK. H

ARSI AT B I, T A& xR

N A KR AE 22 5 o

22 AR THEREXFHES NE T
FAREERF T
WHERSITER (F3) R, My,

BE7KF K HEAZ BAR FIR 2 ARG M /N2 T A
RERRIEAERE 2R R TR R
BRI, B 3N 76 B8 &2 N,
XF 77 BRI 2 SR T R R A
HERE R I, IR (2 D lIR L
RATHI S AN 5.2 F 48 £5) ¢+ FAEE TR
R B Koy I T o ) G o 2 S i kD 1)
i, Br 76 K TD AP T9 5 A R B K ME
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Table 3 The difference in the effect of phosphorus application methods and levels on dry matter accumulation of spring wheat

76 [#] 76th regiment

77 4] 77th regiment

Souri%fﬂjjiance AT il St B B AT A Pite R

Jointing Heading Flowering Maturity Jointing Heading Flowering Maturity

a7 =8 M 0.36 0.82 1.27 0.35 0.36 15.08"*  63.00" 25.32"™
Tt K L 5.13" 493" 10.81™ 15.11" 4.40" 1.48 2.95° 2.99*
et 77 2R /KT MxL 0.51 0.82 2.11 2.87° 0.25 0.42 0.85 0.58

TE Pao AFRAL, WA 35 HBILAE Poo ALFE

TERTTH, 76 ] TD-Peo AbHAE CK AbHE R 2%
BAINT 250.9%; 77 B TD-Peo b3 % CK A Po 4bFH
3R E RN T 150.86%F1 53.96% (K 2) . flif#
HH, 76 #] TD-Pso AL FEEE CK A Po ALFR ) 7] 5 35 1
0T 27.52%%11 26.24%, BF-Peo #t CK b3 1.2 1
Y 30.73%; #%4£H1, 76 B TD-Peo 5 BE-Peo AL FE
YR 2w T XN CK A Po AbFE, 30T 62.74%~

@ CK m P
TD

—
o

=
IS
=)

T AR
Dry matter

accumulation (t/hm?)

(b) 40 -
_ 35+
= E3of
Bk B & 25tk
K 8§
¥ ig 20+ abaab
8 A E 15+
= 210t
2
5 L
0 ™
PR EliEe ie
Jointing Heading Flowering

v FRTR, MR KT R LA HARE A
PBIRERWENE TV RE, TD ML
TR R AR BRSSO (TD)
LEAERF I E 60% (Peo) HIL AN B4 X/
2 5 W AR BT T R BE RLR R
23 AERE#HAR THAERESEEENETE

REMRE RN

HEE 4~5 AT5A, HtsE/K-F-XF 76 A1 77 BHEH N

Free LM IR RS Wy T 76

A
Maturity

- H #1 Growth stage
B2 BRARAKENENETEL SHTHRRRE NN

Fig.2 Effects of phosphorus application methods and levels on dry matter accumulation of spring wheat at different growth stages

64.34%; 77 [ TD-Peo A3 .35 & T CK Fl Py &b
H, RN T 18.73%A0 18.64%, fEREY, 77
[ TD 4b#E %% =T BF Ab#E, IRIZE 30.47%; 76
[] TD-Pao AL A 76 [F] BF-Peo AL T [ 75 T ik 3] g 2
K, 8 CK ARFE 3380 T 81.2%F1 82.9%; 77
TD-Pioo Al TD-Peo A H 55 2 5T CK AbHE, 1%
3R 29.75%F0 33.12%; SEH BN, TD 4B
REAR, BF AR N KR KF 8 0 5% 2 57 .

| P, | Py O P

BF

7641 76th regiment

7711 77th regiment

ababd a

b abab a ab

P

Jointing

A
Heading

HAEW]

Flowering

e L
Maturity

()T RL 2 ARECRIRER L, 77 PR i TR,
ARG B, A2 BAER R0 76
H AR EOR 77 B P2 R EORRE A

B 3 w1, BEA MR =030, Pt
K0 B R B S B B SRS R R &
o Peo ABHI R 2 5 T CK M Po 403, TD AbFE
(18 P2 1 N 10.0%~18.0%, BF AL 3 18 7 % 3
9 13.0%~23.0%. K= 8 () HitieE (o @&
S JC IRENA S RE (R=0.802~0.995) , F=&E 5
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Table 4 Effects of phosphorus application methods and levels on grain yield and its components of spring wheat

H 4bF Treatment THiE HU Hik: KA PRt
Location  jifk 5 = M jitiffi7k 57 L 1000-grain weight (g) Spike number (x10%hm?) Spike length (cm) Grain number per spike Yield (kg/hm?)
76 TD CK 44.7+0.4ab 749.0+£67.0ab 9.9+0.3b 24.3+0.8¢ 5550.0+41.0b
76th regiment Py 44.1x0.2b 650.0+£39.0b 9.7+0.2b 25.6+0.9¢ 5673.0+£142.0b

Py 45.2+1.1ab 872.0+62.0a 11.0£0.2a 31.1£1.0a 6146.0+100.0a
Pso 46.5+1.0a 779.0+£51.0ab 11.3+0.3a 28.7+0.9b 6565.0+193.0a
Pioo 44.5+0.7ab 682.0+£30.0b 9.6+0.1b 26.1+0.6¢ 5613.0+£177.0b
BF CK 43.8+0.4a 573.0+45.0ab 9.6+0.2b 24.8+0.8¢ 5621.0+£261.0¢c
Po 44.3+0.9a 502.0+£11.0b 10.1+0.2b 28.8+0.7b 5183.0£71.0c
Py 44.2+1.2a 684.0£69.0ab 10.2+0.2ab 28.9+0.9b 6142.0£190.0ab
Peo 45.0+1.2a 713.0+18.0a 10.7+0.4a 31.9+0.9a 6467.0+45.0a
P1oo 38.6+2.8b 506.0+45.0b 9.7+0.3b 29.9+1.2ab 5736.0+257.0bc
77 TD CK 41.8+0.2b 697.0+8.0b 10.7£0.1b 24.3+0.5¢ 5386.0+£151.0b
77th regiment Py 42.9+1.0ab 687.0+6.0ab 13.4+0.2a 25.9+0.9ab 5575.0£155.0b
Pao 43.7+0.8ab 745.0+10.0ab 13.5¢0.2a 26.1+0.5ab 5678.0+£222.0ab
Pso 45.4+1.7a 775.0+49.0a 13.5¢1.3a 27.2+0.8a 6130.0+146.0a
Pioo 41.3+1.0b 602.0+6.0c 12.6+0.2ab 26.0+£0.9ab 5252.0+£145.0b
BF CK 37.0+0.8a 620.0£11.0a 11.3+0.2b 25.0+0.9b 3553.0+279.0b
Po 37.8+1.7a 626.0+£32.0a 11.8+0.3ab 25.5+£0.7b 3718.0+223.0ab
Pso 38.7+0.6a 633.0+12.0a 11.8+0.2ab 26.1+0.8ab 3835.0+145.0ab
Pso 39.7+0.4a 665.0+18.0a 13.4+1.4a 28.1+0.8a 4201.0+106.0a
Pioo 38.5+0.8a 625.0+15.0a 11.0£0.2b 21.5+0.8¢ 2073.0+147.0c

F ARG F B R A — i AL BR R E P < 0.05 K PFER R . TH.
Different lowercase letters in the same column indicate significant differences at P < 0.05 level among treatments in the same experimental region.
The same below.

x5 EMARFKEGENEFEREMBEZZMNESR
Table 5 The difference in the effect of phosphorus application methods
and levels on grain yield and its components of spring wheat

Hh s A R TFRiE %L (8IS FRLEL s
Location Source of variance 1000-grain weight Spike number Spike length  Grain number per spike Yield
76 it 1 77 = M 5.52" 16.68" 2.64 9.40" 2.07
76th regiment KT L 3.30" 468" 13.40™ 14.16™ 16.83"
A 7 20 Mtk F L 1.94 0.36 231 426" 1.05
77 iR M 54.10"" 25.49" 4.90" 1.63 353.76™"
77th regiment TR K L 3.99* 7.22%* 4.16™ 742" 19.12"
A7 20 Mtk F L 0.60 345" 1.46 413" 541"
764 76th regiment 771 77th regiment
(a) 7000 TD (b) 7000 BF (c) 7000 TD (d) 4500
o 6750 o 6750 y=5177.3+21.7x—0.1x* o 6750¢ 2 4050
£ 6500} {a £ 65001 R=0.995 _4a £ 6500f y=5540.7+10.9x—0.1¢ = 2600
26250t 62501 £ 6250 R2=0.802 2
= a < = ab = 3150
= 6000} = 6000} = 6000 ]
[} o ol o
= 5750f y = 5750F be 5 5750 = 2700
mﬁ 5500F 563781120, 1x2 ﬂmj 5500 Eﬂ 5500 ﬂﬂiﬂ 2250
5250t R2=0 819 5250} 5250 18001
50005 sT1215 2005 000 sii2is 2005 00 811215 2025 0 81121.5 202.5
KT L (kg/hm?) Jti % KF L (kg/hm?) i K L (kg/hm?) i 7K L (kg/hm?)

B3 sk ES~EErELkitm)
Fig.3 Nonlinear regression between phosphorus application methods and levels and yield
i B B 2 (A AFAE 2 A OGO R R o I TR (F= & 5997.8 kg/hm?) ; BF Ab 3 5 A4 i i it
76 [ TD &b B (1) & 4 5% AL it A &4 60.0 kg/hm? N 108.5 kg/hm? (=& 6354.5 kg/hm?) . 77
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1 TD &b B 5 £ 8% 0 it H & 0 54.5 kg/hm? (7
H 5837.7 kg/hm?) ; BF 40 f 8 N0 H &R
97.5 kg/hm? (=5 4472.0 kg/hm?) . FALFE > [a]7
BmEEMAAEZESR, B 76 4] TD bR REEUR R £
IR H WA Pao ALEE AR, LA AbER 2 Peo A HH 5
Hio 76 [ TD AbHE (W FER B AE Pao A0 FE B 1K e K
B, FF5 CK ALFERAIN T 28.1%, 1 77 [ TD kb3
(I FERLELLE Poo I f 5, 0 CK AR ERIE D 12.0%
TR E J71H, 76 F TD Al BF 403 F Peo 1 CK
S ABEIN T 4.0%F0 2.7%; 77 @] TD-Peo AbHE . 3 155
T BF Ab3, HG0EIA 14.4%.

gi b, Wy MEBEKT LA AR B
SRR N P B R R 2R . ARG, T
‘B P e ol A it 19 7 QAL A e B AR T R AN,
TD K& fd i &K T BF A2, w28 T
BF fb#E; R TD AHE LA ERFHMHE 60%
(Peo) HIZH G FTR Z 2w /N 22 7= & B L Al
#, (AR X RIMAFAEZE R
2.4 A[EIHE#E T I TS 5% AR e X 4% AR 1 B R 89

2

HHER 6~7 A %1, BP0 2 A58 i ) PFP
Jo AE S35 HE AR 2 s s Tt e U7 X0 R e DR
M 5, X 76 H1) AE 1 77 A1 PFP 00 . 3
PFP 53 i 3 s LU AGI R0 384 0T 38, &% b 3 1) 318 )
BEZES, 76 B TD 5 BF 4b# AE ¥ 2 it
B, Peo MOFEE T Proo AbFE; 77 HY RIS
InJE BEAR a3, Peo AbER IR AL, L BF-Peo AL 3
W ®T BF-Pioo 402, H BF-Pigo 1 TD-Pygo 4bEE
") AE AfE, RBEILT &,

F o6 HEEiAXKEXENZHEFARNZm

Table 6 Effects of phosphorus application methods and
levels on phosphorus use efficiency of spring wheat

R7 MEBARMKENENEHREFAEZWHESR
Table 7 The difference in the effect of phosphorus
application methods and levels on phosphorus
use efficiency of spring wheat

A5 S sk 76 [4] 76th regiment 77 [4] 77th regiment
Source of variance PFP AE PEP AE
77 M 0.01  15.54™  210.72"" 4.15
K L 568.82"" 16.82""  358.46™" 15.04™
W7 A MBEREREF L 012 0.85 347 3.09

o AL P Treatment PFP AE
Location iy M il L  (kgke)  (keke)
76 D P4 75.9+1.2a 5.841.2a
76th regiment Pso 54.0+1.6b 5.6+1.2a

Pioo 27.7+09¢  0.3£1.2b

BF Pao 75.842.4a 11.8+2.4a

Pso 53.2+0.4b 10.6+0.4a

Pioo 28.3+1.3¢  2.7+1.3b

77 D Pio 70.142.7a  1.342.7a
77th regiment Peo 50.4+1.2b  5.0+1.3a
Pioo 25.940.7¢ -0.7+1.6a

BF Pao 47.3+1.8a 1.4+1.8a

Pso 34.6:0.9b 4.0+0.9a

Pioo 10.2+0.7¢ -8.1£0.7b

gx LRk, AN . KT &AL
YERXT /N BENE R 2R 52 M0 .25 . TD AL PR AE Jak
W5 HL T PFP F1 AE B A%, JUILAE 76 4, H
R EE BF ALFREE ) 102.5%, 3 BH T 2 Ve e ]
SR i IR 2
3 g
3.1 WRRREXTE N ZREK KT ENEN

&R T DR E B B RN R R
P2, WA RBELEIIR S, BNEREKE
bRy TP R R R = 8 2N 5 PR
#, HZHAE Peo Mo FIAB B ME . H, M
BEAEAR T 121.5 kg/hm? I & I I 5 /N2 T4
Ji AR 2R A A it FH & 2 IEAH O, 76 [4] TD-Pao M
BF-Peo #5¢ CK ALF 73 51 2 25 34 0 81.2%F1 82.9%,
X5 A4 Db I SEOSIR af F g5 R — B, E RSN
WSRO IR 2 D B 65 A BT IR R, S
LR FPE AR R A 2 ARG b, B At FH
o 121.5kg/hm? J5, FEIFRA T, 76 4 Peo K
Pioo b FRF= 5 E T 4.1%, 77 4] Proo AL FEF] AE 324
e, RUIPALE L XK (] m it &, AR+
B S Bima il TG FHYE . S S
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Effects of Phosphorus Fertilizer Reduction under Different
Phosphorus Application Methods on Spring Wheat Yield and
Phosphorus Use Efficiency in the Ili Black Soil Region

Fang Yihan', Chen Nannan', Wang Chang?, Wang Boyuan', Zhang Licun'3#, Liang Fei'-34

("College of Resources and Environment, Ili Normal University, Yining 835000, Xinjiang, China;
2Xinjiang Bainuo Agricultural Technology Co., Ltd, Kuitun 833200, Xinjiang, China;
3Institute of Resources and Ecology, Ili Normal University, Yining 835000, Xinjiang, China;
“4lli Valley Agricultural Resources and Environment Laboratory, Ili Normal University, Yining 835000, Xinjiang, China)

Abstract To investigate the effects of phosphorus reduction under different phosphorus application methods on
the yield formation and phosphorus use efficiency of spring wheat in the Ili black soil region of Xinjiang, a
two-factor split-plot field experiment was conducted in the 76th and 77th regiments of the Fourth Division of
Xinjiang Production and Construction Corps. Two phosphorus application methods were established: one-time
basal fertilization (BF) and drip fertigation with split applications (TD: 70% as basal, 15% after heading, and
15% after flowering). Five phosphorus levels were set, including the conventional rate (202.5 kg/ha, P10o), 60%
of the conventional rate (121.5 kg/ha, Peo), 40% of the conventional rate (81.0 kg/ha, Pso), zero phosphorus
application (Po), and no fertilization (CK). The results showed that the Pso treatment significantly improved
phosphorus use efficiency as well as plant height, SPAD value, dry matter accumulation, and yield of spring
wheat. Compared with the Pigo treatment, the Pso treatment increased plant height by 8.9%-30.4% and SPAD
value by 0.7%-19.1%. The TD treatment significantly enhanced phosphorus availability in the black soil region.
In the two experimental areas, TD-Pso increased yield by 4.9% (76th regiment) and 31.2% (77th regiment)
compared with the traditional basal fertilization (BF-Pg). The maximum phosphorus partial factor productivity
(PFP) and agronomic efficiency (AE) reached 75.9 kg/kg and 11.8 kg/kg, respectively. The TD treatment showed
a more pronounced response in yield and efficiency enhancement in the gravelly subsoil black soil region (77th
regiment). In conclusion, under the conditions of this study, the recommended phosphorus application rate for the
BF treatment is 97.5-108.5 kg/ha, and that for the TD treatment is 54.5-60.0 kg/ha. It is recommended to
prioritize the TD-Pso treatment to synergistically improve spring wheat yield and phosphorus use efficiency,
thereby achieving sustainable agricultural development in the Ili black soil region.

Key words Phosphorus fertilizer reduction; Phosphorus fertilizer application; Integration of water and fertilizer
for drip irrigation; Ili black soil region; Spring wheat
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