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Effects of the organic replacement of phosphorus fertilizer and straw returned to fields on the nutrient
absorption and phosphorus fertilizer utilization efficiency of cotton

HUANG Wei'?, WANG Xihe', JIA Hongtao’, YANG Jinyu', QU Xiaohui', LIU Yingrui', LIU Xiaoju'

(1.Institute of Soil Fertilizer and Agricultural Water—Saving, Xinjiang Academy of Agricultural Sciences/National Gray Desert Soil Fertility
and Fertilizer Benefit Monitoring Station/National Soil Quality Observation and Experiment Station in Xinshi District, Urumqgi 830091,
China; 2. Xinjiang Key Laboratory of Soil and Plant Ecological Processes, College of Resources and Environment, Xinjiang Agricultural
University, Urumgqi 830052, China)

Abstract: The effects of organic replacement of phosphate fertilizer and straw returning to field on nutrient absorption, utilization efficiency
of phosphate fertilizer and correlation of cotton yield were studied in order to provide practical guidance for determining the technical

service focus of efficient application of phosphate fertilizer in gray desert cotton field in northern Xinjiang and further understanding the
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current cotton production situation. In this study, based on a 5—year field micro—cropping experiment of cotton in the National Gray Desert
Soil Fertility and Fertilizer Benefit Monitoring Station, 7 kinds of fertilization measures were taken as samples, and cotton field soil and
field investigation at the cotton maturity stage in 2022 were used to carry out relevant research. The results showed as follows : Both organic
replacement of phosphorus fertilizer and straw returning could improve the nitrogen, phosphorus and potassium absorption of cotton plants.
The average nitrogen content of each organ ranged from 1.75 g-kg™ to 40.90 g- kg™, the average phosphorus content ranged from 1.46 g+
kg to 11.28 g+ kg™, and the average potassium content ranged from 3.11 g+ kg™ to 25.03 g kg™'. Combined fertilizer input and nutrient
absorption, 50% organic replacement and straw returning to the field can best enhance the nitrogen absorption capacity of cotton plants and
promote dry matter accumulation, 50% organic replacement has the strongest phosphorus absorption capacity of cotton plants and is most
conducive to realizing the effect of cotton fertilizer saving and potassium increasing. The N : P of each organ of cotton plant ranged from 1.20
to 12.01. Organic replacement of phosphorus fertilizer and straw returning significantly reduced N: P of stem, leaf, bud/boll/shell. Cotton
plant biomass and seed cotton yield increased with the decrease of N/P ratio of stem, leaf, bud/boll/shell, and cotton growth was more
restricted by N and P. The utilization rate of phosphorus fertilizer increased from 12.54% to 33.04% with the increase of organic
replacement amount, and the soil phosphorus surplus decreased from 28.20 kg« hm™ to 19.66 kg« hm™ with the increase of organic
replacement amount. The application of 50% phosphorus fertilizer organic replacement technology in the grey desert cotton area of northern
Xinjiang, that is, the application of phosphorus (P,0s) 60.0 kg - hm™ and the application of sheep manure 9 784.8 kg - hm™, has the best
comprehensive effect on cotton yield, biomass and nutrient absorption, and is worthy of promotion and application.

Keywords : cotton; phosphorus; organic substitution; nutrient absorption; phosphate fertilizer utilization rate; nitrogen and phosphorus ratio
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Table 1 Basic physical and chemical properties of surface soil in the test plot

I - L4 e K HHLR BA BRHE M
+ e +3EpH
Soil tvpe Soil ol Total nitrogen/ Total phosphorus/ Total potassium/ Organic matter/ Available nitrogen/ Olsen—P/  Olsen—K/ Total salt/
i . (g-kg™) (g-kg") (g-kg™) (g-kg™) (mg-kg™") (mg-kg') (mg-kg') (g-kg")
KRB L 8.45 0.62 0.66 21.30 10.20 52.60 12.70 138.0 1.40
=2 BIEENBERKHAEMEEIXIIE (kg-hm™)
Table 2 Experimental design of phosphorus organic replacement for long—term fertilization (kg-hm™)
b (R = o 1 - o= R TR IR — A AN
g OERE AIERRCESD g s pmmaE wESEE gz D8 WA BER-SEA
Treatment Processing Organic manure Total N Total P,0Os Total K20 Urea(46%) DAP Potassium N from DAP
setup (sheep manure) (46%)  sulfate(51%) (18%)
T1 I 0 0 0 0 0 0 0 0
T2 X HE 0 195.0 0 30.0 423.9 0 58.8 0
T3 WL 0 195.0 120.0 30.0 376.9 260.9 58.8 21.6
T4 25% F LT 48924 114.8 90.0 30.0 214.1 195.6 58.8 16.2
T5 50% A ML 9784.8 344 60.0 30.0 51.3 130.5 58.8 10.8
T6 WA P 4892.4 114.8 120.0 30.0 202.4 260.9 58.8 21.6
T7 FiFFid H 0 195.0 120.0 30.0 376.9 260.9 58.8 21.6
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Table 3 Phosphorus organic replacement long—term fertilization dosage

J.7K 6 6 J1Jic 7 8
B 3k 6 A JE ﬂEF' J1%)
Aonlv when oloehi Head water early ~ Around the Around mid-  Around
R Py HEn I June end of June July  early August
B ,‘ = ™ ;
IR essing Vi GO Rk g TR 0% IIEIRE 5% B KAIRA 10% HIE 209 fEH 25% KIR3E
Treatment setup Explaination Organ [7J - ‘FD AT) Potassium  40% base 5% head waterand  JRZE 10% BIRZ20% JRZE25%
P ;g?”‘cl (46r§/a>/ (46%)/ sulfate  fertilizer urea  ureain seedling  bud stage  bud stage  boll phase
(ek '_”ir) . ”,2) . Z) (51%)  (46%) stage(46%)/  urea(46%)/ urea(46% )/ urea(46%)/
g ) g g (grm™) (gem™) (gem™) (gem™) (grm™) (gem™)
T ZH ANt A 0 0 0 0 0 0 0 0 0
T2 xR M 0 04 0 5.9 17.0 2.1 43 8.5 10.6
T3 R HHUAL AL 100% 0 377 26.1 5.9 15.1 1.9 38 7.6 9.4
T4 25%BHIER BIEHESER25%MMLEHE 05 214 19.6 59 8.6 1.1 22 43 54
TS 50% AP B HUEBEEA 50% MILIEsE 1 5.1 13.1 59 2.1 0.3 0.5 1.0 13
T6 AL (LAEEE 100%+25% G HLIEEE 0.5 20.3 26.1 5.9 8.1 1.0 2.0 4.1 5.1
17 FiFFiL FLNEHE 1009%-+F5FFi4 0 377 26.1 5.9 15.1 1.9 38 7.6 9.4
=) > = > =)
- AN AL FRAVE Y)W Wi ) /it i < 100
2 HERE55H

(2) W NE RFR FHR (PUE , % ) =/t i A P ) F ik
MR B9t /it < 100 5

(3) B AEAR 230 R (AE kg - kg™ ) = it B &b AT A
(1477 it — AN it ol A B F AR ™ o) /it e

(4) BB 2 77 1 (PFP kg~ kg ™) =it i b FIUFF A
J L/

(5) R AL 2= B (N P) = bR 2 A & i
(g-kg )/MptE B E (g ke s

(6) 5 25 31007 e MRZ WAt =L AR 4% A6 A ) 4k x
AR A% BB 07 W8l 5 £

DL b it i i Wi Wi AR AR 7 i B A R kg
hm™,

B3 14 % F Microsoft Excel 2019 5 SPSS 26.0
(IBM Inc.) #4748 11453 87, F Origin 2021 #1745 14, H
/NI 2= Sk (Least—Significant Difference, L.SD)
(P<0.05) 47 28 LU ACH o 2 S i 2 1k o

2.1 BEENERMIBETYREN I

AN [) it S A 30X A A T 40 T o 1 5 T S ] (3%
4) . FAEIRRE AL AR T BT AR U T6>TT>T5>T4>
T3>T2>T1, ARV 34 T4 o e 7 93.72~119.73 g+ bk
Z a5 T AN PRAR He, H At Ak PR E IR R 12.45%~
24.78% . 5 T1AbFEAH EL , £5 it HE b L 38 T R 46
MR I AR E T L, P A BRI
JIES RS P24 FH A B 22 S 28 348 0 T A AR AR S 25
I E B R TR, o TS . T6 . T7 4b BRI A
TR A E T A TR K. 5 T2 403
FHLG, T5 . T6 T7 AL FEAR AL R S 28 I B 188 15
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Table 4 Effects of organic replacement of phosphorus on dry matter mass of various organs of cotton plant (g-plant™)

A Treatment # Root Z£ Stem I Leaf 155 15¢ Bud/boll/shell #1 Seed # Fibre HERK Whole plant

T1 8.74+0.25b 18.97+0.93¢ 17.48+1.05¢ 14.53+0.92¢ 20.04+0.68c 13.96+0.77¢ 93.72+4.30d

T2 9.23+0.89ab 21.90+0.88h 20.48+0.14b 17.16+1.15b 21.07+0.78bc 15.56+1.09b 105.39+4.63¢c
T3 9.34+0.87ab 22.13+0.79b 20.42+1.27b 17.44+0.99b 21.32+0.72bc  16.46+0.64ab 107.10+5.02¢
T4 9.38+0.96ab 23.03+1.04ab  21.27+0.85b 17.53+0.96b 21.59+0.56b 16.83+0.99ab  109.63+5.09bc
TS 10.19+1.14a 23.84x1.47a 23.21+0.96a 18.32+0.96ab 23.01+0.58a 17.19+0.83a  115.76+5.71ab
T6 10.53+0.52a 24.27+1.01a 24.19+1.13a 19.56+1.04a 23.43+0.98a 17.75+0.77a 119.73+5.03a
T7 10.25+0.97a 24.09+0.97a 23.42+1.09a 18.5+1.11ab 23.20+1.46a 17.48+1.02a  116.94+6.36ab

T - [FISA R NG TR AR A AL BRI 75 P<0.05 /K28 5 .35 5 MR LIS I E AR EZEFOR . Tl

Note: Different lowercase letters in the same column represent significant differences among treatments at P<0.05 level; Values were mean+standard

deviation. The same as below.
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Table 5 Effects of organic replacement of phosphorus on nitrogen content of cotton organs (g-kg™")

AbFE Treatment 2 Root 25 Stem I Leaf 78 1%415¢ Bud/boll/shell #F Seed 2 Fibre

T1 10.36+0.73¢ 11.14+0.53b 29.02+0.61b 31.98+0.91b 31.77+1.54¢ 1.75+0.11b

T2 11.31+0.71be 12.03+0.62b 29.95+0.63b 33.01+0.48ab 35.98+1.49h 2.06+0.09a

T3 11.69+0.89ab 13.75+0.93a 31.46+0.89a 33.74£0.79a 34.22+1.47b 2.11£0.12a

T4 11.47+0.83bc 13.32+0.95a 31.12+0.85a 33.65+0.83a 39.51+1.45a 2.10£0.09a

TS 12.25+0.77ab 13.93+0.91a 31.68+0.72a 34.01£0.74a 40.90+1.49a 2.14+0.10a

T6 12.77+0.87a 14.46+0.94a 32.23+0.87a 34.27+£0.92a 38.98+1.36a 2.23+0.12a

T7 12.52+0.81ab 14.05+0.92a 31.88+0.95a 34.23+0.81a 39.57+1.39a 2.19+0.14a

Fo BEANBERMBEZRE SHENRIT(g-kg)
Table 6 Effects of organic phosphorus replacement on phosphorus content in cotton organs(g-kg™")

Kb 3 Treatment #& Root Z£ Stem - Leaf 1155 Bud/boll/shell ¥ Seed 2 Fibre
T1 1.74+0.06¢ 1.89+0.06¢ 2.82+0.11b 2.73+0.06¢ 10.12+0.11¢ 1.46+0.07b
T2 1.94+0.08b 1.92+0.10¢ 2.86+0.10b 2.75+0.09bc 10.12+0.10¢ 1.51+0.05b
T3 1.95+0.11b 2.16£0.13b 3.12+0.11a 2.89+0.11b 11.06+0.13b 1.75£0.11a
T4 2.08+0.11a 2.25+0.14b 3.17+0.09a 2.89+0.06b 11.12+0.10ab 1.74+0.10a
TS 2.11+0.08a 2.50+0.09a 3.18+0.10a 3.09+0.09a 11.28+0.11a 1.77+0.08a
T6 2.12+0.07a 2.55+0.12a 3.23+0.08a 3.15+0.11a 11.25+0.11a 1.81+0.06a
T7 2.14+0.09a 2.52+0.11a 3.20+0.06a 3.11+0.08a 11.23+0.12ab 1.78+0.07a
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R BEENEANBEZIBRESHENZM (g kg)

Table 7 Effect of organic replacement of phosphorus on potassium content in cotton organs (g-kg™")

AL Treatment i Root Z£ Stem I Leaf 5 /45 15¢ Bud/boll/shell #f Seed 2 Fibre
T1 17.65+0.67b 19.53+0.71¢ 19.20+0.71¢ 18.36+0.47b 15.15+0.11b 3.11+0.08a
T2 18.83+0.79a 20.75+0.61b 22.44+0.59b 19.51+0.78a 15.48+0.09a 3.14+0.12a
T3 18.86+0.60a 20.87+0.76b 22.62+0.70b 19.81+0.79a 15.49+0.11a 3.20+0.07a
T4 18.84+0.72a 20.60+0.70b 22.79+0.56b 19.91+0.98a 15.51+0.12a 3.17£0.05a
T5 19.22+0.66a 22.22+0.68a 22.84+0.53a 20.06+0.79a 15.59+0.12a 3.24+0.08a
T6 19.42+0.78a 22.84+0.65a 25.03+0.87a 20.32+0.80a 15.54+0.11a 3.22+0.07a
T7 19.03+0.65a 22.20+0.29a 24.62+0.41a 20.24+0.68a 15.52+0.10a 3.24+0.09a

A6 50 25 A W RE 0 B L 259% O A HILER AR ANAS i
B Bt AL NE A BT AR AR T A BB A 2 L 2R A
BHEA ST, 50% WA DL A S F T 52 30AR 48 59 A
BB
2.3 BEIRENERIBEEF AR AR m
B AT AT ML A A 25 5 i A A N ) 252 A P
BT (R 8) o A MR 3 it A7 AILIE RIS 8 1
AR FRIGHE S T ARAE BB AE A R SRR AR R
8 NS A 2 355 3 Rl S A 2 7= 7, E e e (B389 o+ B AE
TS AL F, 5 T4 A H, TS5 A0 35 AR FH A AR ) FF 286 28 1 Y
TUFE BRAE Y w5, T7 (AR EE R R ) P SR F5 A (A 24 Ak
F T4 FITS Z (8], K F To Zb P . 3 Ui B A #L4F
R 3t A LIEFOAS FRAAE I 7E— R 34 mT 3 THAR
FH @A A FH 232 A FH B A 2B 5 A DL AR A 3
T4, 50% B9 HLE AL IR A F T LB A8
SRR R FH AR [T ORI TR FTIA
AT AR R AL H - Sl VA0, i
DABEZ A it 22 RS . A T1~T6 1
b B I AL HL, TT O RS AT 4 a0 AR PR
T1~T6 B 2 it IR A AR AL SR B , T7 T 2B 250 sl
MR R . 2550 (32 9) BR , ANHti#kiY T1.T2 4b 1

R 8 BEENE KX HBER A RNFM
Table 8 Effect of organic replacement of phosphorus on

utilization rate of phosphorus fertilizer in cotton field

b e e ﬁ'ﬂ?ﬂil’i e
Tt ORUE RBURE REHCE  RE)
REP/% PUEI% AE/(kg-kg™") PFP/(kg-kg™)
T1 — — — —
™ — — — —
T3 7.06 74.16 1.02 34.78
T4 12.54 102.00 1.62 46.63
TS 33.04 167.23 12.57 80.09
T6 19.52 86.61 8.21 41.96
7 17.39 84.48 6.50 40.26
— 338 —

B R B AR5 h-72.68.-80.51 kg« hm™, # FH Zb7E
SRR, 3 - AR T 1B = AR AE D . At Ak P
(1A A FE Al 122 2 b A 2 i IR A, o, T3 A AR H i 3%
BN 31.01 kg hm ™, R RN 7.06% . A HLEE
FRH T4 F1 TS A0 B, 1 W R B A f AR ECAG, 43 53
4 28.20,19.66 kg - hm™, A FH i 2 21 4% /e bl 5 A HILES
BB, T AT b FE T + IR R B A
AR T, B 1 T7 S AT B AL B, AR X 3 7 Ab B
(14 T3 FIT6 - e 22 2 v i o i, RS TP iy - 498
R o BUEBE T IRIR 9h o 5% B U] 50%
(A HLERAR AT e VRS %o L Sl 2% (R W R L o2
H R, AR RORE B R T R A HRCR
2.4 BERENERITBKEBLFITELRAFm
MiAEATR #8 B N:PAEFEDI W 22 5 0 255 ()& 1)
WoR AL #8E N PRI FIFE 1.20~12.01 Z 8],
IR e, R MR R, T2 TR
M RS VBN P YA TR s KO B Ay Bk
10.47 ,12.01 ,1.36, T3 Kb B F 1925 75/ /5E N: P
LE R T TS T6 1 T7 A0, A M 6.36 .11.69, #F .

Fo BRAENER I BBEER FEHRZME(kg-hm™)
Table 9 Effect of organic phosphorus replacement on phosphorus

balance in cotton field (kg+hm™)

W24 A P input W24 H P output

b3 MR LR

R w7 g*ME W fff?’%ﬁf
P fertilizer fertilizer Whole plant Fibre Seed

Tl 0 0 72.68 4.09 4056 -72.68

T2 0 0 80.51 471 42.65 -80.51

T3 120 0 88.99 577 47.17 3101

T4 90 30 91.80 5.88 48.00 28.20

T5 60 60 100.34 6.08 5191 19.66

T6 120 30 103.94 6.41 5271  46.06

T7 120 0 101.38 6.22 5210 61.68

T DLEA SRR LA P.OsTT .

Note: The above indicators are calculated in P,Os
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3 iie

3.1 BEEAENBRAMBERE B HRENTYRE
AR

S B B AR AR A T R U R RO
WA BT R A A KSR TR 3R 23 B W AR 43 i
OISR, IR0 R 8 IR A% B MR B 4 1 2 18] )3z
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Bud/boll/shell

FHAER T Cotton organ
RR/NE FAHEACFA AL E P<0.05 K P22 5 .35 .

Different lowercase letters represent significant differences among treatments at the P<0.05 level.

| BEANBEKTIRERBRREN:P

Figure 1 N:P in different organs of cotton under organic phosphorus replacement

FE A HLRRAC 38 it AT AL AE RN RS FF A48 FH g 5 188 i T A
PRI R RE ST, T5.T6 T7 b BRI AEAR (25 7 /8 /5¢
G i i BN, 50% A5 HLRR AR A BT 4 R R B
FIH55R, TS5 T6 T7 A FE R A A AR ZE 30 2 5 2tk
FHET, 50% A AL fe A R S B 261 IR S 4 1)
RO . WIS SIR S e BR AR AR A PN B 5 e
TR B UIAH DG | LA B8 v o ot e o sl D T BRI . X
SRR 5T 45 R — 2, B IR AN i sl A #E 1
MRAEZE (I R 20 R bl 28 738 B LI A FAEAIOK
-, 1 BH fl 2% it o X AR 2R R SO S
B MR 3t HUIEFRS AT HH A] 38 SRR AR 77 43I
WehE 77, HE R A RE S A MLARAS B 5 47 =F 5 B HLR
FICHLIRSY , BLit 5 vl A #0ss + e FRERLE , 3 m
A E T L TR G IR S5 A AL T ) 40
PETFFR 43 AT FFRCR , i n 4= 508 7, 4 BEFEY)
XiF 3543 H W s TR B AT HLAE AR B 5 A7 — 2 SO A
BT RIS R , A5 AL AT o2 4= 9 e ML 1Y) 11 5
HAE @ i f e = T MURR W) 5, REVA i 1 4
MV (R 5l , 398 50 - 398w A DA A N P 1 i
PETCHLBE BV i, B 38N T A 3ol o 2,
PRI T VR 37 0 W CRE 11 S34b, i
IR A R A HLAR R T TR e
WA A Rk . ARG & B, AR T A B IO AL B R
SR e 1 1 A B L 7 e g, X 15 I R e AR
A B T R SR B AR AR T R BB AR L (H
FRAEFE A 450 3K 0T RS B TR SR A SR T B
LU R H Z B, A H 2, A2 s B
S AT AN BE SO A R0 =

AW LR LIRS T RAEVEI X 3743
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B2 WiEEmE FEMRERSERNEXES T

Figure 2 Correlation analysis of cotton biomass, yield and cotton nutrient indexes
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