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Effects of sowing date and planting density on physiological characteristics
and yield of cotton with different maturity properties
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ZHOU Chengxuan?, ZHU Fangge'?, GUO Ge'?, HE Yunxin®, LIU Aiyu!?, ZHOU Zhonghua®?*

(1.College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Key Laboratory of Ministry
of Education for Crop Physiology and Molecular Biology, Changsha, Hunan 410128, China; 3.Hunan Institute of Cotton
Science, Changde, Hunan 415101, China)

Abstract: Early maturing varieties ‘Xiang K27’ and ‘JX0010” were used as test materials with the control conventional
late maturing varieties ‘HN127’ in this study, two densities(2000 plants/(667 m?), 3000 plants/(667 m?)) and two sowing
dates(May 25, June 5) were set up to conduct field experiments in the Hunan Agricultural University farm base in 2021.
The physiological and biochemical indices and yield components were collected to investigate the effect of planting
densities and sowing dates on the cotton yields. The results showed that the SPAD value of early maturing direct seeding
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cotton was higher, and the SOD activity was lower. Compared with early sowing, late sowing could significantly improve
the SOD activities of different cotton varieties from bud stage to flower and boll stage. From the POD activity, early
maturing cotton was the best. From the MDA content, under the conditions of early sowing and high density, the

conventional late maturing varieties were the best at the vegetative growth stage(bud stage), and the early maturing
varieties were the best at the reproductive growth stage(flower and boll stage). Different varieties significantly affected
the single boll weight and number of bolls per plant, and then significantly affected the cotton yield. Early maturing

varieties were superior to conventional late maturing varieties, and the yield of early maturing cotton was the highest.
Comprehensive analysis showed that early sowing could improve the yield of early maturing cotton. Although the density
could make up for the yield loss to a certain extent, the potential was small.

Keywords: cotton; maturity; seeding density; sowing date; physiological characteristics; yield
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Table 1 SPAD values of cotton leaves under different treatments
Ab3R SPAD &
Hil i TER I 2440
P1B1M1 41.805.90 47.4342.25 (52.80+42.70)ab (43.80%2.60)b
P1B1M2 37.1345.28 50.8042.11 (53.56+1.65)a (45.3623.54)b
P1B2M1 38.5346.60 46.6743.96 (47.06+1.10)cd (48.8643.66)ab
P1B2M2 40.2023.47 47.7343.88 (49.9049.85)abcd (46.16290.55)ab
P2B1M1 35.294+.29 51.10#.71 (54.3344.65)a (48.36+1.90)ab
P2B1M2 37.7643.41 51.4642.94 (52.8644.30)ab (47.6034.35)ab
P2B2M1 35.2344.69 46.90%2.70 (46.4043.08)cd (51.33%2.97)a
pP2B2M2 34.2343.89 47.3633.96 (48.3043.96)bcd (46.33%2.80)ab
POB1M1 35.36+1.00 46.262.71 (50.0349.49)abcd (44.86+1.60)b
POB1M2 36.0045.67 47.8642.42 (51.40+.91)abc (46.00%2.93)b
PoB2M1 35.7345.06 47.0642.78 (47.5341.00)cd (45.2642.02)b
pPoB2M2 35.2643.87 46.10+.13 (46.26+1.18)d (48.36+1.25)ab
P1 39.414531 48.1543.05 (50.8343.05)abcd (46.1842.54)ab
p2 35.6243.31 49.2042.83 (51.9242.82)abc (48.4143.05)ab
PO 35.5843.91 46.8242.24 (48.81+2.26)bcd (46.12+1.95)ab
B1 37.2243.75 49.1542.35 (52.49+2.61)ab (46.9942.82)ab
B2 36.5344.18 46.9743.07 (47.58+1.86)cd (46.7142.21)ab
M1 36.9944.09 47.5742.69 (49.69+2.18)abcd (47.07%2.46)ab
M2 36.7643.42 48.5542.73 (50.38+42.31)abcd (46.63%2.57)ab
() 5K AN [ ks Ak BB (9 22 545 B2 5 L (P<0.05)
x2 AEAETHIEMF SPAD EMAES
Table 2 Variance analysis results of SPAD value of cotton leaves under different treatments
7B SRR - Pt
Hi i e I 2140
wh A 0.000 0** 0.000 0** 0.000 2** 0.000 1**
101 0.065 2 0.007 1** 0.001 7** 0.032 9*
Tl B2 0.546 7 0.003 8** 0.035 1* 0.657 8
it 4% 3 0.090 0 0.000 0** 0.012 4* 0.049 5*
sty o <Rl A 2 0.008 2** 0.000 0** 0.080 9 0.000 0**
TR 0.4117 0.001 9** 0.4115 0.005 1**
s A < 3] R A 2 0.000 4** 0.006 2** 0.006 7** 0.001 5**

sk /3 B TR R 5225 (P<0.05) Rl & 3 (P<0.01)
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Table 3 Superoxide dismutase activities of different treatments

sz

SOD % H:/(U gY)

T W il 22
P1B1M1 (316.72432.04)ab (346.5245 32)abc (443.37426.72)ab (632.89+27.15)a
P1B1M2 (335.15458.92)ab (354.0323.38)abc (454.80235.15)ab (646.75437.16)a
P1B2M1 (324.74423 51)ab (419.21:68.59)a (483.06:48.29)a (599.57+29.11)ab
P1B2M2 (272.02+17.89)b (301.97+17.66)c (465.96:+15.04)a (531.88417.26)c
P2B1M1 (278.29430.72)b (328.5323.67)bc (417.15441.94)b (634.56:433.49)a
P2B1M2 (305.17+455.31)ab (355.24:436.18)abc (414.16224.74)b (546.31224.51)c
P2B2M1 (336.36:446.17)ab (354.0317.06)abc (426.82+17.20)b (587.386.71)b
P2B2M2 (287.53425 45)ab (374.13:85.04)abc (485.31+14.36)a (623.27+429.42)ab
POB1M1 (316.94+14.98)ab (378.94:46.82)ab (448.90428.53)ab (570.13+29.15)b
POB1M2 (346.02424.58)a (349.98:28 51)abc (506.20+12.70)a (622.71+16.50)ab
POB2M1 (327.51434.49)ab (365.66:49.14)abc (495.29:431.56)a (650.29:428.96)a
POB2M2 (315.68:9.56)ab (386.47+15.76)ab (458.88:44.31)ab (637.0148.67)a
P1 (312.162433.09)ab (355.4328.73)abc (461.80=31.3)ab (602.77+27.67)ab
P2 (301.8339.41)ab (352.98:40.48)abc (435.86:424.56)b (597.89423.52)ab
PO (326.54421.15)ab (370.27425.05)abc (477.31229.27)ab (620.0320.82)ab
B1 (316.38:36.09)ab (352.21427.31)abc (447.43428.30)ab (608.89:27.80)ab
B2 (310.64:426.34)ab (366.91:435.54)abc (469.22428.46)a (604.9020.02)ab
M1 (316.76:430.49)ab (365.49:428.43)abc (452.4332.37)ab (612.47425.76)ab
M2 (310.26:431.95)ab (353.64:434.41)abc (464.21424.38)a (601.3322.25)ab

[V B 5t AN ) R b BRI 1 25 S i 58 X (P<0.05)

* 4 TRLETHEH R ESUIELEEENTS
EaH
Table 4 Variance analysis results of superoxide dismutase

activities in cotton leaves under different treatments

P

5 F e

PR T eem wam
L Ah 0.0104*  0.0103* 0.000 0** 0.000 0**
I 0.0165*  0.0276* 0.0385* 0.0433*
iS5 03214  00435% 00516 01203
b4 E 1 0.0001** 05730  0.0022** 0.000 0**
S RSEE g 0.007 7% 0.000 1** 01953 0.000 4**
PR > s g 0.0014**  0.0057** 0.0992  0.6956

0.1202 0.000 3** 0.000 8** 0.000 0**

by >4 T <
e85 8

corecri 5l R R (3. 35 (P<0.05) FiAk 2. 3 (P<0.01).

T2 AR, SR AL 24 T SOD
TP AT 5 B 0 52, PO 1) SOD s PR -
WXL 24 F I SOD Witk B W &30, 1

1. 2 Bl A SOD i MEER, HINEA
B2 My IWFIMEB KR, B M1 4 M2 1
SOD I PEHE R 3.35% , JLAx 5 B AT %% B X} SOD
TR, MR R EAERONRE, A
FE A I AEXHARAE TN . FEE I AnnE 24 SOD 1%
PEEA I 50 SRR % B AR AL
W), A2 SOD 1M EA W B E T i
SRR 25 B AR X AR AL R AR IR SOD &1
HAAW 520 SR REIARIRIAR 2 B =3 BAE
STARAEREI . FEAA . IR SOD M HATH:
BERm

gE LA, BEEMIEAE R AT T, B
i SOD &EMESAIL TR Fl, MIBERT R
I RERR B ARAERY SOD &1k, (HAEM: 2R
F&H SOD EMEN .
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2.3 FREAEXE SAIEEIE MR R

H 5. 3 6 A, FEMEA B R HEDE,
i AL (POD) G 1 S BB M R AR fa . T2
SIMTEE IR, NIRRT AR LA AR B RN
X} POD {EVERITC I #E5m . 7EiIAFIEER], POD
WM 658.59 ~ 4856.00 . 1504.82 ~ 5044.04
Ulg, P2B2M2 ZbHEAY 15 M fc i o TEAEES ST ATn: 22 1)
i, POD &4k 700.80 ~ 2072.38, 103.15 ~
1220.51 U/g, P1B1M2 F1 P2B1IM1 f%E . 26 LA

BT, AERRAEA R A B AN R AL PR POD
EPEHABRWIX LR, PL, P2 LT PO; &

A KBTB (R . R IHT)P2 e ML RE Al R R 3%
P AEAA KB B, PLAE RS . =R (1
PRI, P2 TR AR (k2R 08))
R UEHI BT R R4S 3] o Bl 1 ] LA
HE 2 ARG RS FIFUAERT, Tk 22 R
TR REXS P2 LA A AR A R OR B4

R5 TRILETIRIEM FHTELIBEEYE

Table 5 Peroxidase activities of cotton leaves under different treatments

Ab3

POD 75 /(U gY)

il i TEA 2
P1BIM1 (4284.234503.93)a (3796.074342.52)ab (1597.624281.12)a (696.15438.25)b
P1B1M2 (1639.01+165.31)cd (2753.604175.57)b (2072.384246.46)a (811.49+104.92)ab
P1B2M1 (658.59+182.80)d (2553.774401.62)b (701.26454.41)c (567.38416.45)b
P1B2M2 (2147.794246.42)c (2987.294330.80)b (1348.894271.26)ab (136.63498.74)d
P2B1M1 (904.22495.28)d (1576.294302.42)d (1433.424164.35)ab (1220.51+15.85)a
P2BIM2 (1311.052103.27)cd (2109.92474.23)bc (1495.21478.69)ab (1016.724294.21)a
P2B2M1 (4367.144512.05)a (2191.32481.90)bc (1181.76+194.61)b (473.76485.42)bc
P2B2M2 (4856.004532.12)a (5044.04+162.38)a (700.804152.74)c (419.04225.79)bc
POB1M1 (1693.714289.84)cd (1504.824401.27)d (1392.154214.63)ab (635.224104.19)b
POBLM2 (1729.53+186.13)cd (2571.19464.25)b (891.93+105.24)c (296.50458.25)d
POB2M1 (3891.26433.84)ab (1613.27451.59)d (807.504132.35)c (277.83+19.68)d
POB2M2 (1007.944215.06)d (3702.92+164.38)ab (705.24462.84)c (103.15415.51)d
P (2182.404274.62)c (3022.684312.63)b (1430.044213.31)ab (552.91464.59)b
P2 (2859.604310.68)bc (2730.404155.23)b (1202.80+147.60)b (782.514105.32)ab
PO (2080.604281.22)c (2348.052170.37)bc (949.214128.77)c (328.18449.40)d
Bl (1926.964223.96)c (2385.324226.71)bc (1480.46+181.75)ab (779.434102.61)ab
B2 (2821.464353.72)bc (3015.44+198.79)b (907.58144.70)c (329.64+43.60)d
M1 (2633.204336.29)bc (2205.934263.55)bc (1185.62+173.58)b (645.1346.64)b
M2 (2115.224241.39)c (3194.83+161.96)b (1202.414152.87)b (463.93299.57)bc
)47 B AN ] = B 7 A L) 4 2 5 S 1% 3 L (P<0.05)
#* 6 ARLCETHREMHFISCIEFEENEES 24 FREAMNENF -—BESESHIENm

WEER
Table 6 Variance analysis results of peroxidase activities in

cotton leaves under different treatments

P{E
RIS S —

Hil W AR nkE
S 08543 09485 05629 02474
I 01080 0.8020 0.1855 0.2639
ikt s s 0.7595 0.2690 05578 0.1603
oy pe 0.1785 07586 07212 07858
ShRPsFPRISEEE 0.8659 05914 03907  0.9434
FEWDFI S 09684 03749 04960 07619
mnBhBEA>RIME 05586  1.0542  0.8954  0.609 3

R

MR 7. £ 8 AlLIEH, BEHMEL T IRHE
2, ANFELEETARAEM N R (MDA) & AR R
FEAEE, ek 2T A B

T3 22O WA IR ARHT R S B A4 0 B0
MDA & AR . e, MDA &L
PO FYHAK; AFHIFNIERIY], MDA &Ll P2
fi%; 2, Mz Elo e E2E R, P2 iR,
TR B AR 1] MDA 5 i A 250 3 52
Wi, DL B ARPHRAGHR . AR R i AR
MDA &7 5 A B MRS E 2w, Wil M1
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k2L MDA 5t HLAT 25 Ui B 5 5 5 T
FESVRIRAR 2 B — 2 HAEX R I RIAE 2 0T MDA

T HA B E S E R, B, POBIM2 1
MDA %515, 2 104.63 nmol/g; /£42 4, P2B1IM?2
1 MDA ik, 4 166.24 nmol/g, w0, 75
R = AR 25 2R B R AR A I R 1) A W 2
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P2 fefl o
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Table 7 Malondialdehyde contents in cotton leaves under different treatments

Ab 3

MDA & 5t/(nmol g %)

Hi EH piRa:l] 224
P1B1M1 (103.11:+17.46)c (125.23414.32)c (208.87424.05)a (228.09422.14)a
P1B1M2 (108.64216.65)bc (128.2748.92)bc (184.12+18.64)h (219.16224.48)ab
P1B2M1 (123.62417.41)a (117.3024.44)cd (176.907.04)bc (195.7419.53)d
P1B2M2 (120.2645.21)ab (117.72436.24)cd (173.72418.25)bc (198.59:18.15)d
P2B1M1 (113.06:425.69)abc (130.99:15.35)bc (180.21420.05)bc (216.39220.25)ab
P2B1M2 (108.13222.23)bc (117.71421.45)cd (166.24224.57)c (216.71423.16)ab
P2B2M1 (120.624.82)ab (105.6229.71)d (204.61414.38)a (191.27+19.08)d
P2B2M2 (120.996.71)ab (106.0825.63)d (174.2847.32)bc (195.9821.56)d
POB1M1 (101.69+19.81)c (104.77224.51)d (217.56:+16.82)a (205.69:+18.49)bc
POB1M2 (105.52:18.62)c (104.6315.23)d (175.14428.21)bc (198.39422.16)d
POB2M1 (105.3245.11)c (142.7926.26)b (184.3328.73)b (209.85+17.19)ab
POB2M2 (120.32411.15)ab (164.42412.64)a (210.5745.48)a (215.67420.24)ab
P1 (113.91414.18)abc (122.13420.98)c (185.92+16.70)b (210.4021.06)ab
P2 (115.71414.86)abc (115.11:413.04)cd (181.33+16.58)bc (205.08:21.01)bc
PO (108.21+13.67)bc (129.16:+14.66)bc (196.91+14.82)a (207.4119.52)bc
B1 (106.70420.08)c (118.61:+16.63)cd (188.70222.06)ab (214.08421.78)ab
B2 (118.5348.41)ahc (125.66+15.82)c (187.41210.19)ab (201.19:19.29)cd
M1 (111.241506)bc (121.13415.77)c (195.43215.18)a (207.84:19.45)bc
M2 (113.9813.43)abc (123.14+16.69)c (180.7017.08)bc (207.42421.63)bc

[R) S Bl AN [ B b BRI 1) 22 S A G327 78 3L (P<0.05).

%8 TELETHREMHAFRA_BEENHEITER
Table 8 Variance analysis results of malondialdehyde contents

in cotton leaves under different treatments

, P i
RAW — —
g W R ks
it 0.000 1** 0.000 1** 0.000 1** 0.699 1
11 0.004 4** 00313* 06052  0.0524
Tk 5 3 0.0170* 09809  0.000 6** 0.797 6
di ol > 4 0.0419*  0.000 0** 0.000 0** 0.000 1**

ShRh <R 0.0520  0.0155* 0.0482* 0.1520

>R %L 0.176 0

A < 3 =<

Rk 2
s IR SR 1 25 (P<0.05) Al i 3 (P<0.01) .,

0.0134* 0.002 0** 0.003 3**

0.0678  0.036 6% 0.0000** 0.2949

2.5 FREIEXTZEMHIRAIEN

PARRESE . BRI . A A AR AL R AR
AR ER R HE 9. R 10T IEH,
AR B T . FRLRRAR BN . R P R AR
HISIME 2, P2, P1, PO AOBARKES . BASS T,
HF A= R0 R A e A AR IR AR A R 3, P2 T
R8s PL 275 25.82%, % PO HE55 48.24%, 1%
I BRI . R RN B A R AT B ek
W R, BL BT B2, HRREEUIIGIR i,
ik 40.41%. AR B P MR O 25 R, 16RA
TR B R — R B DR R, (B
WIIARR; P2BIM2 fy=him T P2B2M2, 1A
PP AR R s TR 2 S, £ R
STRIAEA Y TE R R, DA | Bl A A
PEFAKR, FEIRFALE XS AT A K
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Table 9 Yield traits of cotton under different treatments
ViSE] R R HR TG K3 1% FeAR it/ (kg {667 m?)™t) KA HEE/(kg {667 m?) ™)
P1B1M1 (20.5348.17)bc (4.69490.06)ab (38.2543.02)ab (191.2548.41)abc (72.6647.03)abc
PIBIM2 (19.0629.99)bcd (4.5240.05)bc  (40.05:1.71)ab (194.9546.32)ab (79.1246.35)ab
PIB2M1 (12.3343.75)ef (4.4440.06)bc  (40.60+2.16)ab (118.7742.65)c (47.13+1.43)c
PIB2M2 (15.20#4.38)cdef  (4.5640.19)abc  (41.2242.34)a (157.9645.84)bc (65.8544.33)ahc
P2B1M1 (28.4039.91)a (4.84490.06)a (34.9241.33)b (235.2646.84)a (90.4146.19)a
P2B1M?2 (23.8049.50)ab (4.7140.07)ab (39.52+41.05)ab (240.0649.86)a (93.7047.26)a
pP2B2M1  (19.4636.65)bc (4.62490.23)ab (39.66+2.02)ab (178.9748.62)abc (68.5144.52)abc
P2B2M2  (17.0628.03)cde (4.6540.08)ab  (41.9244.05)a (179.7143.57)abc (74.1746.81)abc
POBIM1 (16.134.69)cdef  (4.4320.10)bc  (38.041.00)ab (142.1345.14)bc (54.4444.51)bc
POBIM2 (16.7326.05)cdef  (4.4420.02)bc  (38.621.44)ab (168.3745.43)abc (64.0024.76)abc
POB2M1 (13.6045.38)def (4.3140.10)c (41.6242.60)a (120.8743.46)bc (49.4043.73)bc
POB2M2  (11.132.97)f (4.6840.36)ab  (41.2343.42)a (131.27+1.69)bc (47.114.97)c
T (16.7826.57)cdef (4.5320.09)bc (40.03%2.31)ab (165.7345.80)abc (66.1924.79)abc
P2 (22.1848.52)ab (471#0.11)ab  (39.01#2.11)ab (208.52+47.22)ab (81.7026.20)ab
PO (14.4044.77)def (4.4749.15)bc (39.8842.12)ab (140.663.93)bc (53.7423.74)bc
B1 (20.7848.05)bc (4.61490.06)ab (38.23+1.59)ab (195.3347.02)ab (75.7246.01)abc
B2 (14.8045.19)def (4.5440.17)abc  (41.0442.77)a (147.93+4.31)bc (58.703.80)hc
M1 (18.4146.43)bcd (4.5640.10)abc  (38.85+42.02)ab (164.5445.85)abc (63.7644.57)abc
M2 (17.1646.82)cde (4.5920.13)abc  (40.4342.34)ab (178.7245.45)abc (70.6625.25)abc
RIS A AN ] T BE7R AL PilTE] B4 28 AT G127 5 X (P<0.05).
R10 TELETHRIE=ENHTESNER
Table 10 Variance analysis results of cotton yield under different treatments
A P
HER T L VRS Koy KRRt B
Tl 0.006 0** 0.000 0** 0.3870 0.000 0** 0.0001**
101 0.398 1 0.000 0** 0.2630 0.013 6* 0.014 9*
Pkt 5 0.1139 0.214 6 0.0517 0.624 2 0.5396
ATig ] 0.614 8 0.4432 0.663 8 0.074 3 0.098 4
SRR <FAE 25 B 0.3226 0.290 2 0.150 4 0.896 3 0.4356
TR <A 2% 0.1990 0.521 6 0.2105 09737 0.9911
SR < 1) <Rl A 25 B 0.5735 0.368 5 0.299 4 0.2231 0.2223

ek oGl R IR R 25 (P<0.05) Al i % (P<0.01).
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