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The effects of sowing date, density and nitrogen application
on the spatio-temporal distribution of boll formation and yield formation of
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Abstract: Using the early-maturing variety JX0010 as the material, field trials were conducted in 2022 and 2023 to study the
effects of sowing date, density and nitrogen application on the spatio-temporal distribution of boll formation and yield
formation of short-season direct seeded cotton. The experiments were set with two sowing periods Al(sown on 17 May) and
A2(sown on 30 May), three planting densities B1(30 000 plants/hm?), B2(45 000 plants/hm?), B3(60 000 plants/hm?), and
three nitrogen application rates C1(150 kg/hm?), C2(180 kg/hm?), C3 (210 kg/hm?). The results showed that late sowing
could promote the concentration of cotton bolls to the middle, lower and inner peripheral nodes and improve the situation of
bud and boll shedding, while in the rainy years, this pattern could significantly increase the proportion of autumn peaches
with a risk of late ripening. Andearly sowing was conducive to improving cotton yields. The seed and lint yields of Al
increased by 16.3% and 15.3% compared with those of A2 in 2022, and the seed and lint yields of Al increased significantly
by 37.4% and 39.9% compared with those of A2 in 2023. The effect of planting density on the temporal distribution of boll
formation was not significant, while the effect on the spatial distribution of buds and bolls and the rate of abscission varied
markedly from year to year. Increasing planting density could significantly improve yields. The seed cotton yield of B3 was
higher than that of B2 and B1 by 10.0% and 20.6%, respectively, and the lint yield of B3 was higher than that of B2 and B1
by 7.7% and 21.6%, respectively in 2022. And the seed cotton yield of B3 was significantly higher than that of B2 and B1 by
16.5% and 23.5%, respectively, and the lint yield of B3 was significantly higher than that of B2 and B1 by 15.8% and 24.1%,
respectively in 2023. Nitrogen application had no significant effect on the spatial distribution of buds and bolls. The C2
treatment lowered the rate of abscission, increased the number of bolls per plant, and raised the yield, and the seed cotton
yield of C2 increased by 11.7% and 12.2% compared with that of C1 and C3, respectively in 2022. , And the C1 treatment
reduced the rate of abscission, increased the number of single bolls, and improved the yield, and the seed cotton yield of C1
was 39.8% and 41.3% higher than that of C2 and C3, respectively in 2023. In conclusion, from the study, the suitable sowing
date in Hunan cotton area is mid-May, the optimal planting density is 60 000 plants/fhm?. Considering the weather conditions,
it is recommended to reduce the amount of nitrogen fertilizer to 150-180 kg/hm? under the one-time fertilizer application
mode of short-season cultivation.

Keywords: cotton; sowing date; planting density; nitrogen application; bud and bell shedding; yield
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IREG T 2022 1 2023 AETET g A A7 FH 2K
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(0~20 cm #H2) FERIAE S UNFE 1 FiR . 2023 4E45 2022
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F 1 2022 712023 F£HENR K HIEMOEMTT S
Table 1 Soil base nutrients for field trials in 2022 and 2023

738U(g kgt S8U(g kgt 5%U(mg kg ™) 5%U(mg kg ™) S80(mg kgt
2022 24.94 5.73 1.49 152.15 104.76 150
2023 25.70 5.86 155 153.34 126.13 120
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Table 2 Temporal distribution of bolls under different treatments and ANOVA results

2022 4 =Mk L Bil1%

2023 4 =Mk L Bil/%

NGRS Rk Tk NGIES Rk ki
Al 20a 39% 41 Ta 50 43b
A2 Ob 59a 41 0b 49 5la
Bl 9 47 44 3 50 47
B2 9 51 40 3 51 46
B3 10 49 41 3 49 48
C1 11 41b 48b 4 37b 59a
c2 10 48b 42b 3 55a 42b
C3 8 58a 34a 3 57a 40b
Pa 0.000** 0.000** 0.981 0.000** 0.645 0.000**
Ps 0.696 0.671 0.627 0.922 0.607 0.538
Pc 0.312 0.000** 0.001** 0.231 0.000** 0.000**
Pae 0.696 0.398 0.579 0.922 0.044* 0.043*
Pasxc 0.312 0.668 0.998 0.231 0.262 0.210
Pexc 0.791 0.998 0.913 0.545 0.257 0.151
Paexc 0.791 0.105 0.181 0.545 0.768 0.672

A NG TR Rl — AR AR BRI B9 22 3 A B2 (P < 0.05) “*#**° /357K 0.05, 0.01 7KV
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WEs, BRBKEBIRITR> . 2022 4F, C3 afkpe S TR 2023 4F, BORRMER. B HEREIL
WA C2. CL AN 10 A ESrin 17 Avprsy DI, FEURAER LGRS, 5
S BBk C2. CL 4N 8 ANE AR 14 Al ML, A2 IR ELEE 19 NE s, HER
AFJb. 2023 4F, C3 WYMKMEHCDIE: C2, c1 g o HLPIBA B ATEIRAL, RAREL O 27 i
SIS 2 A FIARR 20 AR 3 fpkbkr e PIRILDIRIN A4 AR BRI
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MR RIS HAERIRE , TERE KR 219 2023

3.2 TEMEMHRSESHHEM A, RO RIERIE . R A
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Table 3 Spatial distribution of bolls under different treatments and ANOVA results

2022 AL 2022 AL 2023 AL 2023 AE AL
% Y1) 4341 LAl % T 1] 341 L A511% A1) 5343 L A5 1% R 43413 L A51/%
TERRAL  hERAUE RERARAL PEIRGY AMESRAY FERAU PRI R NEAY AMERY
Al 32b 45h 23a 56 44 29b 51a 20a 57b 43a
A2 37a 49a 14b 58 42 56a 43b 1b 71a 29b
B1 33 46 21a 53b 47a 42 46 12 64 36
B2 35 46 19ab 58a 42b 44 46 10 64 36
B3 35 50 15h 6la 39 42 47 11 65 35
c1 36a 47 17 6la 39b 43 46 11 62 38
c2 35a 47 18 55h 45a 41 48 11 66 34
c3 3la 48 21 56ab 44ab 43 46 11 65 35
Pa 0.007**  0.049*  0.000**  0.258 0.258 0.000**  0.000**  0.000**  0.000**  0.000**
Ps 0.441 0.193 0.054 0.018*  0.018*  0.643 0.914 0.232 0.858 0.858
Pc 0.095 0.910 0.307 0.077 0.077 0.385 0.341 0.803 0.325 0.325
Pas 0.693 0.990 0.686 0.817 0.817 0.517 0.412 0.149 0.005**  0.005**
Pasxc 0.863 0.808 0.673 0.898 0.898 0.346 0.519 0.409 0.001**  0.001**
Pexc 0.774 0.448 0.240 0.776 0.776 0.922 0.669 0.469 0.038*  0.038*
Pasgrc 0.473 0.935 0.551 0.957 0.957 0.748 0.923 0.207 0.441 0.441

ANF/NG TR R [F)— RN R A B 9 25 AT G5 (P < 0.05) “*»*+° 435K 0.05. 0.01 /K3

3.3 FREALIEXE SRR AR FILTHAA; 2023 4F, A2 AR o R
BBk AL (0K 5 SR, SYRIFEI 16 177 5>
ATTRLT  HE . OB
R AL SR PSSR s i 00 A r g R bR
X B A R, BRIk

TERLTE RIS AE 2023 4F35 3 B EKF-, B3 1
FEAR. 2022 4RI 2023 47, 5 ALAHEL, A2 MVHERR  piow ks B2 B AR 10 AN 40 L

TRAEBLRRIIREAR 4 b, 2022 48, A2 IR ORI 7S b i M E AP A I NG
TR R IVE R AL R EIRIR 7 DA b, BE RIUA—E, 2022 4F, HEBRARAEIL TSR C2 sk
HRWIIEF D ERAL 10 NESA, PEERNE %, B C3. CLAK 5 ANA /AL, C2 M RAL
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Table 4 The detachment of various parts under different treatments and ANOVA results

2022 425 AN A BT 1%

2023 445 T B TE 1%

. TAERARAL AR ARAY EERRAL BARARE TERRAL R R AL EERARAL BEBRARAE
Al 56a 61 49a 56 5% 45a 40a 5la

A2 49b 59 3% 52 43b 40b 19b 47b

B1 53 59 45 54 49 43 32 46b

B2 51 60 44 53 51 42 27 46b

B3 53 60 43 54 53 43 29 56a

C1 49 63a 48a 55a 53 40b 30 45¢

c2 54 57b 35b 50b 50 42ab 28 49b

C3 55 60a 49a 55a 50 46a 29 54a

Pa 0.020* 0.546 0.018* 0.058 0.000** 0.005** 0.000** 0.015*
Ps 0.757 0.968 0.906 0.870 0.301 0.813 0.509 0.000**
Pc 0.279 0.025* 0.006** 0.022* 0.424 0.020* 0.881 0.000**
Pass 0.515 0.628 0.282 0.502 0.735 0.658 0.410 0.414
Paxc 0.589 0.290 0.455 0.208 0.012* 0.011* 0.433 0.050
Pexc 0.632 0.392 0.234 0.423 0.871 0.363 0.017* 0.742
Pasgxc 0.948 0.898 0.999 0.877 0.932 0.556 0.002* 0.721

AF/ING FEEFR I — R R AR LB 1 28 54 G i1 L (P < 0.05).

3.4 FELEEIEFSERMKE RN
H12¢ 5 AT, M. PR | U AR
e WE ], H R RN AR R 2
5o 2022 4, WEREIAMER, PR E TR, A
FIFARAERE ™, AL [R5 R0 R AR i 2 1)
A2 $iE5 16.3%F1 15.3%; BEFMER BEXG I, KA~
B AR, B3 MR R R B B2,
B1 A4 10.0%. 20.6%, Kz K=o s 7.7%.
21.6%; Bt ZCEEIE N, FFAR R R SRS BT
foa, C2 % C1. C3 4rHI4EE 11.7%. 12.2%.
WP R FoRE, #E . R R D it A
X AR A AN FEREIAMER , FRRESEL
W, A2 B8 AL RRAIK 15.6%; BlEFIME 2 RN,
MRS R 3 PR B ARG, ke
BRI G R, C2 MR B
Cl. C3 4 13.3%, 12.1%. MR FEXE, #&
ST AT S, R 2 Rt R e e TG

a3 IR 0,05, 0.01 KR

FHRO, REARINMER , PR TEEIN, A2 4 AL R
B 4.1%, —HEBREIGIT, $Y . MESE S5
R 5 BRI BRRR AR BORI P A B R

2023 4F, ALl FUFFHR R . AR A2 1Y
A5 AR 37.4% . 39.9% ; B3 kAR AL B2,
B1 A9/ B 421 16.5%. 23.5%, B3 YR
SrHI4E B2, Bl A &4 15.8% . 24.1%; Pt
S, R R R AR A RN, CL Bk
Fir= 48 C2. C3 B4 39.8% ., 41.3%, C1 )
FE A4 C2. C3 14l 36.8% ., 39.2%. AN[F]
5300 A0 DR 25 R A B R BRR S B A fb R A S
2022 4EAHIE, AL %5 A2 iR 39.8%, Bl
B2, B3 Y5 E 4 39.8%. 62.9%; Kt
Radghn, HpRSECE TREEH, Cli C2. C3 1)
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Table 5 Cotton yield and its constituent factors under different treatments and ANOVA results

Ay (SE S BAPRASEL HES g Koy KRR (kg hm?)  FAR TR (kg hm?)
2022 Al 21.99a 4.39b 0.44a 4133.46a 1947.03a
A2 18.55b 457a 0.44a 3553.36h 1688.58b
B1 25.98a 4.49a 0.43a 3492.13b 1630.74b
B2 19.03b 4.49a 0.45a 3827.80ab 1 840.44a
B3 15.81¢ 4.46a 0.44a 4210.30a 1982.23a
c1 19.35h 4.56b 0.43b 3704.59b 1743.62b
c2 21.92a 4.44p 0.43b 4138.03a 1930.94b
c3 19.55b 4.44b 0.45b 3687.61b 1778.85b
Pa 0.000** 0.002%* 0.404 0.001%* 0.002%*
Ps 0.000%* 0.835 0.311 0.003** 0.002%*
Pc 0.022* 0.137 0.247 0.043* 0.115
Pa-s 0.459 0.743 0.744 0.163 0.160
Paxc 0.623 0.234 0.648 0.243 0.103
Pasc 0.385 0.560 0.911 0.230 0.199
Paserc 0.023* 0.670 0.214 0.020* 0.015*
4y m% RS K K TR g K5Y kAR (kg hm2)  BARFE RN (kg hm?)
2023 Al 23.61a 4.14 0.44 4152.09a 2223.68a
A2 16.89b 417 0.44 3021.21b 1589.84b
B1 26.08a 413 0.44 3265.70b 1724.81b
B2 18.66b 4.15 0.44 3462.23ab 1 849.68ab
B3 16.01b 4.18 0.44 4032.02a 2141.31a
c1 24.66a 4.25 0.43 4440.80a 233351a
c2 18.47b 4.05 0.44 3176.15b 1705530
c3 17.630 4.16 0.44 3143.00b 1676.76b
Pa 0.000%* 0.798 0.241 0.000%* 0.000%*
Ps 0.000%* 0.936 0.835 0.047* 0.045*
Pc 0.000%* 0.310 0.125 0.000%* 0.000%*
Pa-s 0.292 0.445 0.704 0.508 0.448
Paxc 0.015* 0.024* 0.002%* 0.011* 0.018*
Pexc 0.628 0.390 0.539 0.948 0.908
Pasgrc 0.528 0.372 0.567 0.580 0.508

] —4E 03 RIS AN Rl 7Bk R [R]— 0 bR N [ AR BRI 19 22 5 A e (P < 0.05) “**** 435K 0,05, 0.01 K-,

4 HR5ite

F AR T, MER AT AR,
2 2 ARBE AR ST, IRBRE Dl s 1 L
FRAG ISR T, BBk EC Bl s Il v e e,
JEARAE T AR, AR, BRI,
IRBEABKBR AR 2, R BBk RERE U i A2 {22
S R EORARE 1 N L LR R,
AR TR AU AR, AR5,
R P 2RI N % 1) SRS, BERS A Al HEAR AE A
P mI AR R LN LR

FE—EYEE N, BEE RS e, MR A
S RN N =0 S N AN e | (RS T A [ p =S
Bl 2ot 25 FivR % BE B g n el A2 IR %
B, P X TR R 2SI s/, AUTE 2022
AT AR A S MR 31 B 25 KK, Bl AR
WREH, TARRBE R R LI EZWRY 2023
4F, EREREERIAE (60 000 BEMm2) SR, IiTs 2
T 10 N ES . X ATRER T A B 0 T A
FRIEK RS 5a 4, FERIEAERN /K 78 AL AR
FNEXT AL AE KSR R IO, ARG e, i it 280
s, ARBRELBIA BT B, BBELLB IR, R
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RERTE AR S 25 e ) T ZEM

RPANRURFSE R, Rk S AL T IR,
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FERBS N, FERITIRIR, M 10~19 d AN
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2022 PR AUIE(180 kg/hm?2)sh B4 1l b FR 7
11.7%~12.2%; 2023 4F- FRARES HL 5 7 ik bl it 2 e 4
T2 BB T ey R AU (150 kg/hm?)ab 7
FADRT R R 5 A b B 7 39.8%~41.3%, LA 2%
LI B AU (180 kg/hm?2 B 150 kg/hm2) £
B Fdds -, b, #EI . RMEZE . AR
HAERN T 2022 A BRSSO e B AR
I . iR B EAEROV AT 2023 AR PR SR
Ay By AT AR, RULE AR R . D
At R, AT LA R PR . A
Fr, AR SR AL R A R0R

ZE b, IR X R B AR AL RS E AR 5
Ay, FfEFMEZE R 60 000 #k/hm?, Aikk
X RNE AT SR AEAS IR [ PR T A —2L,
AU R Z A s s D R B, — kPt
B, ZUEAEIRZE 150~180 kg/hm?, FKAdn]
W RANE TS, R S R 2%
FEABIARREE ; [RIR, sk O R EF R 2 A0 T g
WRTE, JFR—FE 20, 2L s AE R ]
FRIA R a0, 2 B I e 8 X S 2 LA
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