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Effects of organic fertilizer addition on field phosphorus status and yield under different amounts of
phosphorus fertilization in cotton field in Xinjiang, China

YUAN Fang'?, ZHANG Kai'*', MA Chao'?, ZHANG Nan'?, SHENG Jiandong'?, ZHANG Wentai'?

(1. College of Grassland and Environment Sciences, Xinjiang Agricultural University, Urumqi 830052, China; 2. Xinjiang Key Laboratory
of Soil and Plant Ecology, Urumqi 830052, China)

Abstract: This research aimed to study the effect of different phosphorus fertilizer rates and organic fertilizer addition on the soil
phosphorus availability, plant uptake and distribution, yield composition, and field phosphorus balance of cotton fields in Xinjiang, which
would help increase phosphate fertilizer use efficiency and the sustainable phosphate management of cotton field in Xinjiang. Different
phosphorus fertilization rate treatments (0, 50, 100 kg+hm™, and 150 kg+hm™), with and without organic fertilizer (organic fertilizer 4 500
kg - hm™) were set under the field conditions. The contents of soil-available phosphorus and plant uptake, distribution, and yield were

measured. The phosphate fertilizer use efficiency and field phosphorus balance were calculated. Results showed that: soil-available
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phosphorus showed an increasing tendency with the increase of phosphorus fertilization rate; soil-available phosphorus content in the

treatment with organic fertilizer was higher than that in the treatment without organic fertilizer. The plants’ accumulated phosphorus uptake
showed an increasing trend, with the highest value found at 150 kg+hm™. With the increase of phosphorus application, the seed cotton yield
first increased and then slightly decreased. The yield of the treatment with organic fertilizer was generally greater than that of the treatment
withoul organic fertilizer. The seed cotton yield was highest (5 642 kg +hm™) at 100 kg - hm™ when organic fertilizers were added. The
phosphate fertilizer recovery rate was optimal (37.24%) at 100 kg+hm™. With the increase of phosphorus fertilization rate, field phosphorus
surplus showed an increasing trend, with the first positive value found at 100 kg-hm™(16.82 kg+hm™). Organic fertilizer addition under a
reduced phosphorus fertilizer application condition could change soil phosphorus availability and plant uptake, distribution, and seed

cotton yield. Based on soil phosphorus availability, plant phosphorus uptake and distribution, yield and field phosphorus balance, it is

recommended to add 100 kg+hm™ organic fertilizer base on proper phosphorus fertilization rates in Xinjiang cotton fields.

Keywords : organic fertilizers; cotton; plant uptake; phosphorus fertilization rate
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Table 1 Irrigation time and amount in cotton field

TRV K [R] KR
Irrigation frequency  Irrigation time Irrigation amount/(m’+hm™)
K 2019/05/10 656.25
—K 2019/07/05 578.12
K 2019/07/16 273.43
=k 2019/07/25 320.31
pu sk 2019/08/05 554.68
FK 2019/08/15 492.18
K 2019/08/24 359.37
st 3234.35
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Figure 1 Effects of organic fertilizer addition on soil available phosphorus content in cotton growth stages under

different amounts of phosphorus fertilization
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Table 2 Effects of organic fertilizer addition on the biomass of various organs of cotton plants at different growth stages under different

amounts of phosphorus fertilization(g+ plant™)

AEH I JrET] it % 0 Wi % it
Growth stage Treatment Root Stem Leaf Bud/Boll/Shell Fibre Seed
T MAPO+CK  3.62+0.74be 7.64+1.57d 7.77+1.16a 2.23+2.30a — —
Flower bud MAPO+OF  3.330.03c 7.18+0.52d 10.23+0.10a 2.330.12a — —
MAPS0+CK  4.50:0.92abc  8.41+1.64cd 8.44+1.57a 2.71+0.04a — —
MAPS0+OF  3.56:0.27bc  10.68+0.44bc 11.83+0.34a 2.62+0.42a — —
MAP100+CK  3.97+0.81bc 7.79+0.13d 8.96+0.08a 3.13+3.58a — —
MAP100+OF  4.92+0.55a 12.45+0.15ab 12.32+0.64a 3.16+0.22a — —
MAP150+CK  3.77+0.74bc 7.56+0.07d 9.00+0.84a 2.55+3.63a — —
MAPIS0+OF  5.81+0.16a 13.62+2.07a 13.13+0.72a 4.03+0.06a — —
HER ] MAPO+CK 5.75+0.91b 12.65+0.18a 12.44+0.16b 16.89+0.12a — —
Flowering MAPO+OF 6.05+0.44h 12.95+0.89a 11.84+0.50b 15.73+0.88a — —
MAPSO+CK  6.10+1.24h 15.14x1.28a 13.35+0.67b 18.11+1.22a — —
MAPS0+OF  8.63+0.47a 17.44+1.20a 13.72+0.01b 15.71+3.30a — —
MAPL00+CK  7.25+0.74ab 12.46+0.09a 13.40+1.49h 20.31+0.54a — —
MAP100+OF  6.94+0.01ab 16.28+0.01a 19.27+0.57a 19.51+0.65a — —
MAPIS0+CK  6.10+0.54b 12.84+0.52a 14.31+0.54b 20.73+1.43a — —
MAPIS0+OF  8.61+0.52a 14.23+0.59a 18.13+0.59a 20.43+1.88a — —
I 42 1] MAPO+CK  9.33+0.04bc 19.380.13c 14.60+0.16¢ 18.340.50ab 12.79+0.04c  20.30+1.91b
Boll opening MAPO+OF 9.1220.02¢ 19.55+0.71c 17.12:0.02bc 17.31+0.11ab 15.1240.29bc  21.08+0.32h
MAPS0+CK  10.85+1.05abc  22.2+1.04bc 21.44x1.02ab 22.16+1.08a 19.69+1.45a  25.65:+0.82a
MAPS0+OF  10.90+1.0labc  20.61+234c  20.53+3.11abc 22.42+0.99a 16.03+0.95abc  23.93+2.60ab
MAP100+CK  9.66:0.82b¢  21.52+0.52be  19.61x1.14abe 14.75+0.42b 17.47+0.68ab  23.65+1.50ab
MAP100+OF  12.16:1.08a 26.89+0.15a 23.59+1.44a 20.51+1.22a 17.57£0.85ab  24.57+1.93ab
MAPI50+CK  10.81+0.52abc  20.88+1.84c  19.610.58abc 19.74+0.14ab 18.64+1.52a  22.00+2.02ab
MAPIS0+0F  11.39+0.58ab  25.21+1.12ab  20.24+1.60abc 18.95+1.06ab 14.54x1.44bc  24.26:0.81ab

T [ — A= B AR [RGB 2R 2 A0 31 H] 22 578 P<0.05 K F- k3. Rl

Note : Different lowercase letters indicate significant difference among treatments during the same growth stage at the P<0.05 level. The same below.
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37.24% ; BN BB F 2 A ERCE R R A= 77 1 b
it Bl e 44 0 5 32 DA B, MAP150+OF Ab s A A 2
AR ANBENE A A 7 1 35 A1, 43900 0.92 F123.325 154
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®3 AEBIEAETENIERMMBEARE TR BEKRESRE SBHENZM(g-kg)

Table 3 Effects of organic fertilizer addition on the phosphorus content of various organs of cotton plants at different growth stages under

different amounts of phosphorus fertilization(g-kg™)

EE=LiE b Uit E - AR 15 ES *
Growth stage Treatment Root Stem Leaf Bud/Boll/Shell Fibre Seed
A MAPO+CK 1.37+0.21b 1.87+0.08b 3.40+0.22a 7.38+0.25ab — —
Flower bud MAPO+OF 2.17+0.16a  2.24+0.20ab  3.47+0.09% 7.29+0.08abc — —
MAP50+CK 2.13+0.07a 2.50+0.27a 3.46+0.10a 6.86+0.81¢ — —
MAP50+0F 2.22+0.14a 2.67+0.20a 3.55+0.33a 7.61+0.12a — —
MAP100+CK  2.17+0.05a 2.34+0.07ab 3.48+0.10a 3.13+3.58¢ — —
MAP100+0OF 2.32+0.17a 2.49+0.25a 3.69+0.26a 6.99+0.16bc — —
MAP150+CK 2.00+0.07a 2.13+0.14ab 3.31+0.08a 7.02+0.59c — —
MAP150+0F 2.45+0.27a 2.47+0.16ab 3.54+0.15a 7.43+0.16ab — —
s MAPO+CK 2.07+0.17a 2.52+0.15a 2.41+0.36a 3.73+0.32a — —
Flowering MAPO+OF 1.42+0.15h 3.20+0.25a 2.68+0.27a 3.49+0.04a — —
MAP50+CK 1.90+0.13a 2.61+0.15a 2.89+0.28a 3.68+0.08a — —
MAP50+0F 2.16+0.10a 2.89+0.23a 2.69+0.12a 4.02+0.25a — —
MAP100+CK  2.07+0.03a 3.14+0.28a 2.99+0.11a 3.6740.24a — —
MAP100+0OF 2.05+0.15a 2.78+0.11a 3.0740.18a 3.90+0.30a — —
MAP150+CK 1.83+0.10a 2.68+0.17a 2.75+0.09a 3.3420.21a — —
MAP150+0OF 1.95+0.10a 2.81+0.26a 2.90+0.07a 4.02+0.46a — —
284 MAPO+CK 1.52+0.17a 1.07+0.14b 1.74=0.14¢ 2.28+0.16a 1.62+0.18a  11.59+1.42h
Boll opening MAPO+OF 1.40+0.10a 1.35+0.03ab 2.20+0.18ab 1.95+0.20a 1.64+0.06a  14.58+1.06b
MAP50+CK 1.91+0.28a 1.29+0.08ab  1.80+0.11bc 1.95+0.19a 1.66=0.09a  10.93x1.21b
MAP50+0F 1.81=0.15a 1.24+0.06ab  2.05+0.13ahc 2.09+0.16a 1.45+0.03a  13.33+1.52b
MAP100+CK 1.75+0.09a 1.34+0.09ab  2.190.15ahc 2.26+0.22a 1.410.13a  14.07+1.22b
MAP100+OF 2.05+0.20a 1.280.05ab  1.82:0.05hc 2.39+0.27a 1.49+0.10a  14.2+0.95h
MAP150+CK 1.80+0.35a 1.42+0.09a 1.92+0.05abc 2.33+0.33a 1.65+021a  11.5+0.50b
MAP150+0OF 1.79+0.14a 1.33+0.11ab 2.34+0.22a 1.95+0.23a 1.780.17a  18.26=1.71a
o 1007 7 Flower bud pixg:t| Flowering i 221 Boll opening
E F(P)=11.59% F(P)=13.09% F(P)=171.22%
o, 80F F(OF)=17.06% F(OF)=3.94* F(OF)=104.65%
) F(PXOF)=5.31%* F(PXOF)=1.37 F(PXOF)=6.53* a a
%g '—t 60 - C =] ¢ ]
=5 e d d
X 3
H%/ w
Bk 2 40t
¥ 2
mF ¢ ab & ahcabe o be
£ 20}
[=%
=
=
(=W

o

AT UL AL B Y AT SR ER A A B A T R U A L
NER AL B (R 5) o Bl R A3, L el R B Ax i
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Figure 2 Effects of organic fertilizer addition on plant phosphorus uptake at cotton growth stages under different amounts of

phosphorus fertilization
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Figure 3 Effects of organic fertilizer addition on the proportion of cumulative phosphorus uptake by various organs

at cotton growth stages under different amounts of phosphorus fertilization

F4 AEHIE A E T HVER NI #4857~ 2RI

Table 4 Effects of organic fertilizer addition on the cotton yield composition under different amounts of phosphorus fertilization

s PR AR AL wE FEAR
Treatment Single boll mass/g Number of bolls per plant Density/(10*+hm™) Cotton yield/(kg-hm™)
MAPO+CK 5.28+0.03a 6.95+0.02bc 11.75+0.96a 4107.70+14.74d
MAPO+OF 5.50+0.10a 7.60+0.12b 12.25+0.25a 4934.76+29.01bc
MAP50+CK 5.58+0.02a 7.20+0.06bc 12.51+0.22a 4 858.08+230.60c¢
MAP50+0F 6.26+0.18a 6.67+0.07¢ 13.00+0.58a 5296.53+13.57ab
MAP100+CK 5.34+0.23a 7.60+0.27h 13.01+0.44a 5 154.20+228.79b¢
MAP100+OF 5.33+0.11a 8.65+0.13a 12.50+0.50a 5642.24+81.28a
MAP150+CK 5.50+0.07a 7.30+0.03b 13.76+0.67a 5220.72+63.71bc
MAP150+0F 5.48+0.14a 7.40+0.12b 12.00+1.08a 5312.54+50.32ab
[f])(£6), 14~26 mg- kg™, I 12 2 1 50 R0l & 50 i % 2%
3 wWip 5, X 5 B PR RS AE R — 8, 3 AT RE S H T

3.1 BHLBEZR XA H L RA R

A RO R R AL AU RE T A T EE AR
ABIRFER A, LA AL (0 B A2 7 0] - A RO

—124—

R HE AR H AR BN BE A HT L AR P B R
Ji 15 LR S5 1) — 2, A 3P B R
AR 5]t n] R RT3 Uk B K T i 2 i 2
WAL 18 , fE— @R F R 1 A R 5 4

http://www.aed.org.cn



FI7 , A5 AU RIS AS RV A 2 A e 3R D0 B A 6™ B A2 IR

202241 H

x5 TEEEAE TEVRR NS BAREER A ZEAZm
Table 5 Effects of organic fertilizer addition on phosphorus
utilization rate in cotton fields under different amounts of

phosphorus fertilization

wmgeam PCER BURRS BN
Treatment REPI% Uik M PEP/(kg-
PUEI%  AE/(kg-kg™") kg™")
MAPO+CK — — — —
MAPO+OF 28.31 517.80 12.25 73.11
MAP50+CK 17.11 237.39 15.01 97.16
MAP50+0F 2448 257.49 7.24 45.08
MAPI00+CK  30.55 140.68 10.46 51.54
MAP100+OF  37.24 153.75 6.84 33.54
MAP150+CK  15.41 88.84 7.42 34.80
MAP150+OF 2535 103.02 0.92 23.32

S IAT HLAC b P - A Sl 5 B B AROR TR U IAT
HUAE AR B i3 5 X1 2 2R ey 3 AR 2 XU
WA R —E. it A DL RE S e vy - 3T ol &5
R,k n] RS T A UL S A —E A RO, BE
0 T FEIG 0 - A R ) 5 5 KV PR RN A L 3
Ja , He— R AR DR AL S X PRI 25 AR A
Py MSOR T At P 1 A ) R il 8 it A7 HILAE , T LA
SEINA LS 1A LIS AT ek O LI Y [ 5E |, I
e HETCAIURE T A%, Al (0 98 rp AT 0B 35 1 =)
3.2 AHLARR XA R RS NS B RS20
W 2R B W ORI B AR ) AR R o
AHITFEAEIT B4 F 1A, A R b SR
TR AR X5 R PRAE S5
HIFFE 25 2R — 2, FR Wit P A v 8 e AR P i 2R
TERRAERE A A 17 2 7 v B AR B B30 HILAE Ak 2
AR SRBLUS W RE RT ARSI FLIE AY AL B, X R] B

S TSI AU AT DABR & 4 O i, s
HERRAL M I S A MR VR S5 R O MR AR AE AR R L
AR AR TEAR R A AR R 1 AR 2% i
T, DTG R A 1 A 200 8 T ol A5 4 RE A5 IR Ao
ZIE R IR AR R RS

YEYI R A K R R ik A2 VE Y28 DY i 55
RO G FE A2 W F2 MR, A ST A ALIE A
PRACTE WA RAE A 0 b A B o B SRR ol o 7 L HE R
WA HUIE AL FRAS 5~7 A~ 4 s, B 2 i ina
HUAE Ab 317 A 5 2 B R e ot o L L R S A L
JEAb 3855 7.5 A 43 a5 U BHVS INA HLIE f Ab B4 B
I R B SR A I A A E R
X AT BESE B T U HLIEAR SEAE7E RN A8 108 %
A E R W, PR AR AR KR s SR A
AR TRE RO SR T REMBEER, (45
TR BER & R,
3.3 BHLBEAR IR #1872 FREIE R A ZE 5

AHIFGE i it ol ek 0 BRI, R e R B A
B 5 A R AR R B X5 SR T AR R AT 0
G FI VLA R A R — 2 A R ] B
P& = VP A o o AR S 0, D = ™ i . TSN
A HUAE A B ) 7= ek B R TF ARAS A LI Ab 3y
I, X5 PRATAP 557 it ] T <514 BiF 5 45 SR — 3K
A R — 7 T R S BRI SR TR, S —
T 3 Ao R M HL T ol - R A S
A IR S5, B o - A O 1 i, B A Rk R
T I AR AR . A S A Ok
B, KRR 7= 0 10 25 5 T2 R p BRSO Wl L it Y £
FUAAILIE AR B 52w iy 24, SRR £ B0 MAP100+OF 42k
P, AT RE S T B A B AT R A DR I

Fo AEBEAETHYIERIMT 8 AR R Y FER RN

Table 6 Effects of organic fertilizer addition on the cotton field phosphorus balance under different amounts of phosphorus fertilization

it i Z2 45 A Phosphorus input/(kg-hm™) i 224 i Phosphorus output/(kg-hm™) Wi % &1 4% Phosphorus

Treatment AR P fertilizer 73 HLIE Organic fertilizer il Seed #i] Total % Fibre  #iiffSeed A1 Total surplus/(kg+hm™)
MAPO+CK 0 1.17 1.17 5.58 63.31 68.89 -67.72
MAPO+OF 0 225 1.17 23.67 7.07 83.12 90.19 -66.52
MAP50+CK 50 1.17 51.17 9.34 80.32 89.66 -38.49
MAP50+0F 50 225 1.17 73.67 8.03 113.78 121.81 -48.14
MAP100+CK 100 1.17 101.17 7.34 99.14 106.48 -5.31
MAP100+OF 100 225 1.17 123.67 7.11 99.74 106.85 16.82
MAP150+CK 150 1.17 151.17 9.68 79.66 89.34 61.83
MAP150+0OF 150 225 1.17 173.67 6.06 89.66 95.72 77.95

BRI it LU B AR L P05t

Note : Phosphorus input, output and surplus in the table is calculated in P,Os.
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BN P 2 S 5 S M A A ES R FH R FH A 5
it i JIE 9 MAPO+CK I MAPO+OF &b 3 i 25 21 4%
I35 K —-67.72 . -66.52 kg - hm™, - HERE FE AL T 5 Btk
A AFIF R 0 v RRS 8 8, K an S 3
HEZ A", MAP150+CK Ab i FH 8 AT,
T HERE R W AN 61.83 kg-hm ™, F R AU 15.41%,
55 MAP100+CK A BEAH Eb , AN $12 = i I 14 )
R Il R R A, Bt R R R [ R 3
A FIE S U AR 2, 3K T MR R (0T R M IR XL
B DRI, DA NE b Ty AR A 7= i 1 R 25 5 5 OE
TR AR A6 0L e FH T o A B I , MAP100+OF 4b 2 Hh
NE R FH 23K 5 37.24% , B R 2434 16.82 kg-hm ™,
FEAR A S 642.24 kg hm ™, 78 P49 4 v 5 IR ) % A
e ()[R B, A - R R A R RS AR T
S FE B 2R 0 T R B

4 ZHig

(1) FH -3 2550l 5 ek 00 S ot Al o 498 o i
S0 B A WS I AL A Ak BB A S AR i A
ARSI MR R AR FE

(2) M SRR Al 9 T S i 3 184 7 34
(R, A IA HLUIE A9 A0 BRAE AR 2 A S s ks T
AW INA VIS AL 2], B AE#EAE A 54 150 kg - hm™
B4 1 o AR 7 i it ol o 344 o R B0 SR o ws
A AR A RS B HUAE AL BR A = i A S TR T
TN HLAE A AR FE , ZEBEAE 54 100 kg hm i 5 5 o

(3) TS i AT Ak 281y 5 IS ) P SR A i T R TR
A HUIE A A2, HAEBEIE FH 4 4 100 kg - hm™ B £
15, R 280 37.24% ; Wil it i 12t 1) 38 in , A FH - 984
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