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Effects of straw return combined with N fertilization on the P
and K utilization of the direct—seeded cotton after barley
and soil P and K balance
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(Institute of Industrial Crops/ Key Laboratory of Cotton and Rape in Yangtze River Downstream of Ministry of Agriculture and

Rural Affairs, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract This study aimed to investigate the combined effects of straw returning coupled with different nitrogen
fertilization strategies on the phosphorus (P) and potassium (K) utilization efficiencies of the direct-seeded cotton

after barley and the soil P and K apparent balance. A two-factor split-plot design was employed. The main plots
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were two different straw returning rates: no straw return (S0) and full straw return (S1). The subplots were four
different nitrogen fertilization strategies, which were no nitrogen fertilizer (NO), urea (U), controlled-release
nitrogen (CRN), and urea+CRN (UC). The impacts of their different combinations on the P and K accumulation
and utilization efficiency of direct-seeded cotton, the soil P and K apparent balance and the soil available P and
K contents were investigated. The results showed that: 1) Compared to SO, the P and K accumulation of shoot
and reproductive organs under S1 significantly increased after the peak blooming stage and boll-opening stage.
Under nitrogen fertilization application, the treatment CRN had lower P and K accumulation at the peak squaring
stage but higher values at the boll-opening stage, whereas the treatment UC exhibited consistently higher P and
K accumulation across different growth stages. The direct-seeded cotton under the treatment combinations of
S1CRN and S1UC exhibited higher P and K accumulation at the boll-opening stage. Compared to S1U, the two-
year average K accumulation of cotton plants at the boll-opening stage in STCRN and S1UC treatment
combinations increased by 12.9% and 10. 4% in shoot, respectively, and increased by 1.9% and 3.6% in
reproductive organs. 2) The cotton plant under the STUC combination had higher yields than other combinations.
Compared to SO, the utilization efficiency of P and K of the cotton plant showed no significant change under S1.
The utilization efficiencies of P and K of the cotton plant were higher in the UC treatment but lower in the CRN
treatment under nitrogen fertilizer application. 3)The soil P was deficient under SO, while it was deficient in 2021
and surplus in 2022 under S1. The soil K was deficient under SO and surplus under S1. The surplus of soil P and
K was greater in the U treatment under nitrogen fertilizer application. The soil P and K was just in apparent
balance for the treatment combination of STUC. 4)The treatment combinations of SOUC and S1UC had lower
soil available P and K content. In conclusion, the straw returning of 6 000 kg/hm? combined with UC of pure N
180 kg /hm?) facilitated the utilization of soil available nutrients, thereby improving the P and K accumulation and
utilization efficiency of direct-seeded cotton after barley in coastal saline land, which achieved the synergy of
high yield and the apparent balance of soil P and K.

Keywords direct-seeded cotton; straw returning; N fertilizer strategy; P and K utilization efficiency; P and
K balance
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Table 1 Experimental scheme of straw returning pattern and nitrogen fertilizer strategy of direct-seeded cotton after barley harvest

it 0B/ (kg/hm?) e SR 2 Al

R Fli A ik H 4/
| - ‘ . o
FiFF 8 *%.it B E % (kg/hm?) Nitrogen fertilizer rate and type
Straw returning Nitrogen fertilizer strate Straw returnin
pattern & ) &y & i HIAE
rate Seedling stage Initial flowering stage
ANt L (NOD 0 0 0
JRZE (U) Urea 0 72U 108 U
AT AN i (S0) I
No straw returning FEREALCCRND 0 180 CRN
Controlled-release nitrogen
JREF + B ANE(UC) Urea+ CRN 0 72U 108 CRN
ANHlE A (NO) 6 000 0 0
JRZ (U) Urea 6 000 72U 108 U
FEAFAE HT (ST no
Full straw returning PERERUILCCRND 6 000 180 CRN
Controlled-release nitrogen
JRE + AN (UC) Urea+ CRN 6 000 72U 108 CRN
1.2 WMEmMBRAE PUE=Y/Aq (3
1.2.1 # AFZARA 5B By,=SF,—Ag 4
TR ) A8 1 Ak 2 A A N X% &2 bo=SFp/Agp (5
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Table 2 Effects of straw returning combined with different N fertilization on phosphorus uptake and distribution of

direct-seeded cotton after barley

FEFEE  AURiE Agp/(kg/hm*) Agp/(kg/hm?) R,/ %

w S mmw rem Y maw e Y e e PR
Year : <-g Squaring Flowerin Boll Squaring Flowerin Boll Squaring Flowerin Boll

returning  fertilizer >4 & & opening d & & opening d & & opening
pattern  strategy  St8¢ stage - stage stage Stage stage stage .

NO 3.4e 14.9¢ 46.4 e 0.4d 4.1c 25.7¢ 12.6 ¢ 27.6cd 55.3¢

U 5.7a 25.7bed  56.8d 0.8a 7.8b 33.0b 14.1b 30.4bc  58.2a

S0 CRN 4.0d 24.3d 59.3¢ 0.6b 7.4b 33.7b 15.8a 30.5bc  56.8b

2021 uc 4.7 be 26.7 be 56.5d 0.7b 9.2a 32.7b 14.2b 34.6a 57.8a
NO 3.0e 12.6 f 44.1e 0.4e 3.5¢ 24.0d 12.1¢ 27.9cd  54.3d

s1 u 4.9b 27.3b 60.9 be 0.6b 7.6b 35.7a 12.5¢ 27.9cd 58.6a

CRN 3.9d 25.4cd 64.4a 0.5¢ 6.9b 36.1a 14.0b 27.0d 56.0¢

uc 4.5¢ 29.7a 63.2 ab 0.7b 9.7a 36.7a 14.8b 32.7ab  58.2a

NO 2.5d 22.1f 44. 3 e 0.2¢ S.4e 24.3 e 6.4a 24.5ab  54.8d

<0 u 3.1ab 31.5d 52.1d 0.2¢ 7.3d 29.9d 5.3¢ 23.1bc  57.4D

CRN 2.7c 29.8¢ 58.1ab 0.1d 7.3d 32.5bc 5. 1c 24.3ab  56.0¢c

202 uc 3.0b 32.6¢ 56.9b 0.2b 8.4b 33.1b 5.8b 25.7a 57.1b
NO 2.3e 21.4f 44.9 e 0.1e 4.9 1 24.6¢e 5.3¢ 23.1bc  54.8d

- U 3.0b 31.9¢cd 54.5¢ 0.1d 7.8¢ 3l.6¢ 4.5d 24.4ab  57.9ab

CRN 2.7c 33.7b 59.5a 0.1f 7.6¢ 33.0b 3.7e 22.5¢ 54.7d

uc 3.2a 34.9a 58.7 ab 0.2a 8.7a 34.7a 6.2a 24.9a 58.7a

T Agp, i B ARBE R AU Ay, AL S AR B R BN Ry, A SEAR E R ANIC o IR 51 B AN ] 5 B 2R 22 S 3 (P<C0. 05) , AH [ 5 B 7 22 5

AEFEP>0.05), Fli,

Note: Agp, P accumulation in shoot; Agp, P accumulation in reproductive organs; Rp, P ratio of reproductive organs to shoots. Within the
same column, different letters represent significant differences (P<C0.05) , while the same letters represent no significant differences
(P>>0.05). The same below.
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Table 3 Effects of straw returning combined with different N fertilization on potassium uptake and

distribution of field-seeded cotton after barley harvest

FEFEE R Ag/(kg/hm?) Agi/ (kg/hm*) R/ %
fay % y % y
B G g 200w PR o ren LR e LR
returning  fertilizer quaring owerin opening quaring owerin opening quaring owerin opening
pattern  strategy stage g stage stage stage g stage stage stage g stage stage
NO 19.8 e 60.6d 119.2 f 1.4d 12.8d 63.4 ¢ 7.1a 21.2a 53.3b
U 49.3a 141.6bc 215.0e 2.6a 21.5¢  87.7b 5.4c 15.2d  40.8de
> CRN 36.5d 131.9¢  241.1c¢ 2.2b 22.7c 91.8b 6.0b 17.3bed  38.1f
ucC 44.4b 156.5a 235.4¢ 2.3b 28.2b 99.3a 5.2¢ 18.0 be 42.2d
2 NO 17.1e 62.6d 116.9 f 1.3d 11.8d 65.5¢ 7.4a 18.9 ab 56.0a
U 40.0cd 144.3b 225.0d 2.2 be 23.3¢ 103.6 a S5.4¢ 16.1cd 46. 1 ¢
> CRN 36.6d 144.2b  261.9a 1.9¢ 23.0c 103.9 a 5.1c 16.0cd  39.7ef
ucC 40.6 ¢ 166.9a 251.9b 2.2b 31.9a 105.3 a 5.5 be 19.1ab 41.8de
NO 14. 8¢ 74.2 ¢ 112.7 e 0.4d 14.5d 61.8e 3.0ab 19.5a 54.9 a
U 24.9a 152.1d 210.8d 0.9a 19.3¢ 90.8d 3.4a 12.7e 43.1be
> CRN 18.9b 160.7cd 234.5b 0.6¢ 22.8b 94.1cd 3.3 ab 14. 2 cd 40.1d
ucC 24.6a 165.9bc 221.5¢ 0.8ab 25.3a  94.1cd 3.4a 15.3 ¢ 42.5¢
e NO 12. 8¢ 71.8 e 119.2¢ 0.4e 12.9e 64.5e€ 2.8b 18.0b 54.1a
U 23.9a 157.2cd 221.3¢c 0.8b 22.2b 99. 2 be 3.2ab 14.1d 44.8b
> CRN 18.5b 171.6ab 242.2a 0.4de 23.2b 102.7 ab 2.1c 13.5de 42.4 ¢
ucC 24.1a 176.8a 241.0ab 0.8 ab 24.3 a 104.8 a 3.3ab 13.8cd  43.5bc

T Agye, i B FRER RBURE Ay ZEFE RS EV B RV s Ry AR BB ML . L

Note: Agk, K accumulation in shoot; Agk, K accumulation in reproductive organs; Ry, K ratio of reproductive organs to shoots. The same

below.
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FHRCRTE & 0 (P=>0. 05) . A [A) I8 B it . 3%
B R AR, 5 U A BEAR e, CRN 40 B # |
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YERUR A B3 (P=>>0. 05)
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Table 4 Effects of straw returning combined with different N fertilization on utilization efficiency of P and K and lint yield

FEATE ML Rz % 20214 2022 4F
Straw returning pattern Nitrogen fertilizer strategy ~ pyUE KUE Y/(kg/hm® PUE KUE Y/(kg/hm?®)
NO 26.0bc  10.1a 1206.7d 21.7c 8.5a 958.4d
U 25.8 bc 6.8b 1466.1c 25.1ab 6.2b 1309.4c¢
SO
CRN 25.0bcd  6.1c 1483.2bc 22.2¢ 5.5¢ 1289.1c
ucC 28.5a 6.9b 1610.9ab  24.9ab 6.4b 1414.5b
NO 26.2b 9.9a 1154.7d 22.3¢ 8. 4a 1002.0d
U 24.4cd 6.6b 1485.3 be 26.1a 6.4b 1443.7b
S1
CRN 23.4d 5.8d 1504.3bc  22.8bc 5.6¢ 1359.2be
uc 26.6b 6.7b 1679.3a 26.2a 6.4b 1534.4a

H:PUE, #Fl FHZCR  KUE, 8RR ACE Y, i =t FIA.

Note: PUE, P utilization efficiency ; KUE, K utilization efficiency; Y,

5 SOM H, 2021 4F 4b B8 ST iz 4 77 & G 1 3% 7%
1k (P=>0.05), 2022 4E 4b B ST fz 4 7= B 3% 38
(P<0.05), Jifi & 2.3 $2 e B A &, AR 2 L UC
b HE A o 2021 AR FR A 5 R [R) 4008 e i )
K= | HAE AR B3 (P>0.05), 2022 4E F5 FF bk 1 5
AN TR) 20 RE e %o B RS 7 Y S e B A B 3 (P<<
0.05), FIAEF DL STUC AbBRZ & R B ™t d & o
2.2 MHBEERERBEIE MARERTE

M bR R R R S S R A T A B
B3 IO AP RS e B A T B R OG 43 B DL IET 1
F P& 1 Ca) mT DL M 1 3R B R A R B

lint yield. The same below.

M R AR O, SR WM B AR R AU AT A
A B G E T ANEC o i BT 1Ca) W7 U Ml AR R R
SR AR A B3 . I 1Ca) ] W, |
R R AU 5 B A R R IR A G, SR
i SR B M T R AR A

HTIET 1Chy) Al DL, i 4 58 AR 5 A B e i 440
oy Be S 3 IE A G OG A R W AT R BV A
T AR B A E B . H IR 1Cb) AT I, M A R
5 PR AR AR ORGSR W] A b
B SR AR N T AR R . il B 1Cby) AT
L, b A SRR S A e B R R IR AT O
R M LA 2B T BRI
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Fig. 1 Correlation between the accumulations of P (a) and K (b) in shoot and the ratios of reproductive organs to shoot,

utilization efficiency, and lint yield of direct-seeded cotton

2.3 BHTHEARAEDERBERET LEHRERABT

AR IA H 5 Z B AL PR + R A R & 5
SERL LR 5. ] HLARFE SO A+ HERE 2L T T BOR A,
24F HHERE 7 B E s A $) 7.5 5 5. 7 kg/hm®, &b
ST HHERE R 2021 AR MEAT 5 i, 2022 4F AR, R
ZTA SO, ST HIEBER T A PrkE . A A
AR BRTR], 2021 4F DA U Ak 2+ HERE K 5 B ik, 2022 4F
U Kb 3 4385 25 2 43 CRN 5 UC A BRI mS A 5 6k
2AEAN IR b PR AH A W V- R AN 0.8~1. 1, LASIU Y
S R B 24E o 1,05 1.1, 24F STUC
i 2250 R 1.0, W STU AT ¥ £ 3ik ol 1 398 i 28 3 2%
AU , 1 STUC = el R 3 A -4

AN AL FRZ A R T AN kb B SO -3
B ZPAE T 5 SRS A0 ST AN [R] it JE &b 3 2L U b
PHEP R B A 24E 42 W R 27,55 29. 5 kg/hm?;
CRN A H R + B8 % 2021 4F 75 B, 2022 4E B 4%
UC Kb 24F - HERR R MK A & X . SICRN &5

SIUC AbHRZH & 2 4 - R AL O 1.0, R W] g4
AT BEAR T AR 20 KUK
2.4 HHTHSARRERET &8GR =E

HEEE

Fili FE I8 HH 5 S [ 260 108 i o 4 8 33 sk w5 ok
RO S R R UL 6, R UL 5 SOAH B, b BE ST
JEAE I 5 e SR A M OO | AR R
(P<<0.05) . ANz 75 W 35 52 ) + 38 WAk 0 L sk
B (P<<0. 05) , ifl 280 4h B 1], 75 100+ 498 ol A58
Tt LA U L A BRAE LA U 5 CRN Ab #8555
SRR 5 AR ) OO i 3 DL U A B
M) 4 M OO S AR S DL CRN A 34
ANTRVAE T I A S AR S AR i DL UC Ak 2R
WAL, R FF R H 5 AS [ 2008 B it s AS [ 4 & 8 4
R RO OB R R BAE B3 (P<Z0. 05D, &
T DL S1U Kb BEAH A 0 BRI BE 55 3 8080 & A
I SOUC 5 S1UC A 20 4 51 .
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Table 5 Apparent P and K balance of soil under different treatments

T A/ (kg/hm?) M TS B vy
Nutrient input rate g (kg/?mz) S5 2 K

i b B2 A ik ‘ thE - A\llutt-rlen.t o Budget Balance coefficient

. Treatment Straw Chemical fertilizers ~accumulation in shoo

combination W 4 w 4 A/ Ase, w p e 4
Phos- Pota- Phos- Pota- (kg/ (kg/ Phos- Pota- Phos- Pota-
phorus ssium phorus ssium hm*) hm*) phorus ssium phorus ssium
SOU 0 0 50 150 56.8¢  215.0e —6.8¢c —65.0d 0.9ab 0.7d
SOCRN 0 0 50 150 59.3b  241.1c¢ —9.3d —91.1e 0.8b 0.6¢
2021 SouUC 0 0 50 150 56.5¢ 235.4¢  —6.5¢ —85.4e¢ 0.9b 0.6¢
S1U 10.5 102.5 50 150 60.9b  225.0d —0.4a 27.5a 1.0a 1l.1a
SICRN 10.5 102.5 50 150 64.4a 261.9a —3.9b —9.4¢ 0.9b 1.0c
S1uc 10.5 102.5 50 150 63.2a 251.9b —2.7b  0.6b 1.0ab 1.0b
SO0U 0 0 50 150 52.1d  210.8¢ —2.1c —60.8c 1.0ab 0.7c¢
SOCRN 0 0 50 150 58.1ab 234.5a —8. 1d —84.5e¢ 0.9¢ 0.6d
SouUC 0 0 50 150 56.9bc  221.5b —6.9d —71.5d 0.9¢c 0.7c
2022 S1U 10.9 100. 8 50 150 54.5c¢d  221.3b 6.4a 29.5a l.1a 1.1a
SICRN 10.9 100. 8 50 150 59.5a 242.2a 1.4b 8.6b 1.0b 1.0b
S1UC 10.9 100. 8 50 150 58.7ab  241.0a 2.2b 9.8b 1.0ab 1.0b
*6 HBATHERFBRLEMEI LIERYHEELHSENT N
Table 6 Effects of straw returning combined with different N fertilization

on the soil available P and K content mg/kg

2021 4F 20224

+HEFR AT AR Az % — —
A FF 463 it 22 A T 463 i 22 48

Soil Straw returning Nitrogen
nutrient pattern fertilizer strategy Squaring  Flowering Boll-opening  Squaring Flowering Boll-opening
stage stage stage stage stage stage
NO 58.7b 59.5b 60.1 be 58.1b 52.1c 58.5be
U 58.9b 58.1b 57.0c¢ 62.8 ab 62.0b 56.3 ¢
S0 CRN 50.1c¢ 51.6¢ 60. 1 be 51.4cd 53.3¢ 57.0c¢
A s ucC 41.9d 45.9d 45.94d 46.5d 46.5d 44.7d
Available P NO 64.2a 64.9 a 64.0a 62.7ab  51.9¢ 61.0 ab
- U 60.3b 64.6a 61.8 ab 65.1a 65.2 ab 62.8a
CRN 52.8¢ 67.6a 63.0 ab 52.0c¢ 67.1a 59.0 be
uc 41.0d 48.8 cd 46.2d 46.9d 46.9d 44.6d
NO 284.3 ¢ 251.0d 289.7¢e 289.8d 264.2d 292.7c¢
<0 U 314.5ab  290.7b 302.5d 305.5cd  272.0d 302.0c
CRN 300.0bc  273.1c 330.1ab 317.7bc  255.5e 321.5b
S % ucC 295.7bc  236.8d 305.1d 294.5d 239.2f 292.1c
Available k NO 322.9a  292.5b 315.9¢ 300.6d  292.4bc  323.4ab
S U 335.6 a 310.3 a 321.7be 336.7a 310.1a 326.5 ab
CRN 300.5bc  291.2b 338.9a 327.0ab  296.5b 337.3a

ucC 289.6 ¢ 274.1c 301.7d 300.8d 284.5¢ 301.7c¢
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