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Abstract: In order to adapt to the simplified and mechanized cultivation mode of cotton planting after rape (wheat) in
Yangtze River Basin, and improve the physiological quality of direct-seeded cotton seedlings, so as to achieve high and stable

yield, the early-maturing direct-seeded cotton variety—JX0010 selected by the Cotton Research Institute of Hunan Agricultural U-

niversity was used as the test material, and the cotton seeds
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number of fruit branches of cotton at bud stage. High density cultivation (45 000 plants per hectare) could significantly increase

the soluble protein content and superoxide dismutase activity of cotton at the bud stage compared with low density cultivation

(30 000 plants per hectare). Late sowing (June 5") increased the SPAD value at bud stage, significantly increased the soluble

protein content at seedling stage and nitrate reductase activity at boll opening stage, reduced the malondialdehyde content at

seedling and bud stage, and reduced the degree of cotton leaf cell senescence compared with early sowing (May 25" ). The late

sowing also improved the agronomic traits of cotton and significantly increased the plant height at the seedling and boll stages. In

a comprehensive analysis, the use of seed balling treatment, combined with high density and late sowing could effectively improve

the physiological quality of cotton seedlings, improve the physiological metabolism of cotton, promote the vegetative growth of cot-

ton, improve the source-sink relationship, and lay the foundation for achieving high and stable cotton yield. The experiment mod-

el can also provide theoretical basis for simplified and mechanized cotton cultivation in the Yangtze River Basin.
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Fig.1 Cotton seed spheroidization and control pot experiment

1.2 ikt

PR AL T A 5 R AR AR AL AT 7 BT H At
) FL LB AR SRR TX0010 336 Fi R AR AL R T
FHVE BRI AT I 280 Ak 3 PG A 5 306 0 6 L A/ i
AR — B AATFAE A I bR

AR R R YE MG SE LR A2 383 A A B
)RR B A B SE AR L E BT
AR F] WA A AR BRA B 5 10 4 4 1 3K
FZ ORI A B2 ) 5 55 053 Ay i) P 4 TR el
FARFE LA BRES 7 7= i, B 5 7 ARl 27 6 R Al
BB i ik ¢, Horb A HL BT % 5= 35%, pH {H
55~7.5, FER R K L BERE BA T

B RIS,
1.3 MEBMES7TE

R A N i ¢ e A N P R TR Bk = 3 BN
Xf—H BANRME B LR 5 BRARBRIEAT HE AR
i, AT IR H I E

FRAEA: AR ASR PRI SE . TEAAE 10 FE 10
AEFE I k2R 4 S PEIBOR R T 25 bR AR AR
T E SPAD {& | 7T %4 8 115 ( Soluble protein,
SP) & Al PERE (Soluble sugar, SS) & i A L
Y AL B (SOD) 3% . N [ ( Malondialdehyde,
MDA) 5 & | fil§ R if J5 ¥ ( Nitrate reductase, NR) 1%
P, o, SPAD {HR JH H A% Monita 23 5 £E 7 14 i
PSR I A {X SPAD-502PLUS 2 , ) 2 s 36
TEt e iR A7, A 5K i e B 3 AN s AT
FE L ROFEA, BN Rz AL #E ) SPAD ;v MR M
5 A B B SE 2 B Bradford 151 8 A1) L AL il
(SOD) GHFRIE IR (NR) 1% P SN — T (MDA ) (]
FEHERE (SS) & A9l E # H Sangon Biotech /A F] i
AR ARSI TR &, BRI & J7 v 2 BORR) & N A 8
LR S

FRAEAR SR A, TARAE I R AE%%
AN 2RI /N AR O RR R ARSI A
B ST 2R AT AR AR 1 SRS T AR AR i 20T
HARARAY AT = B (R — SRR ) . DA B A&
HAL 3 W WOFIME R 3) 0.1,
14 HIEQES S

I Excel 2010 #4784 B 222 4, 1] DPS 7.05
T 25 5 RS

2 ZER 555

2.1 ARESEFTIRIEE RS RN

2.1.1 SPAD{AE AENUCEMEY ™ =71 B
LA ER MRS B4R R & & T SPAD
(AT DAAE — 2 R b Rt i s R gt
e 2 &1 R BEE AR AR B R R e AN TR
AR AET B SPAD (B SE 2 8th LH#a# 7E Ak
IR B i KA, 76 0, #5 b A A AE i 7 1)
SPAD {H 5 37.5~ 40.8, A1B2C2 . A2B1C2 #b 3 )
SPAD {H w1 (40. 8) , Fft Ak FH -4 ol 42 5 -4 101 %
SPAD {HHA W&, A2B2C1 4bFH ) SPAD fi It
A1B1C2 b3 5 T 4. 26% s 1E75 ], 35 B %t SPAD
(B 0 2 1F ) 52 ) 5 76 A6 88 00, 15 b 25 18 x5 1) %oF



TSR DT BR A B R S AR 0 AR A R R A KR R 1315

SPAD {H EA W50, A1B1C1 ZFH i) SPAD {4 [t
A1B2C2 AbFHES 2. 58% ; 7 2Ly | 45 Ab B AR A 1
F 1) SPAD {8 539. 6~43.5, )7 250 Wra £, &
ALFY SPAD R TEAFFE B B R 22 5 HIf R
BREER,

60.0r
50.01
40.0- 2
30.01]
20.0
10.0[
0

SPAD{E

4AEH

OAIBICI; MAIBIC2; BAIB2C1; OA1B2C2;
B1A2BICI; A2B1C2; mA2B2C1; @A2B2C2

ALERIGFNT ;A2 SRERIEAN T B ARFIEEE 1 hm®30 0008k ; B2 #5F
I 1 hm?45 000Kk C1. 36015 H 25 B;C2. 8016 A 5 A, F—4
TR BRI AR NS PR 2257 B (P<0.05)

2 FELEXIRIER F SPAD BRI R

Fig.2 Effects of different treatments on SPAD value of cotton

leaves
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Table 1 Variance analysis results of SPAD value of cotton leaves

under different treatments

- IR R Z X AL - SPAD (B2 M P
i #=H AR E

b4k 3 0.9887  0.0833 01717 0.3845
g i 0.5294  0.0601 05042 0.3546
Eiial] 0.4546  0.0195° 0.2929 0.640 0
il b B4 A 2 g 0.1174 01621 08528 0.9624
Tk 3 >R 1 0.8843  0.0836  0.8150 0.949 7
2% B < HE ) 0.1966  0.2145  0.0118* 0.7528
g;ﬁiﬂxﬁ%ﬁ%ﬁ X 0.0368" 09662 03350 0.4422

* FORF B2 (P<0.05)
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Fig.3 Effects of different treatments on soluble protein content

in cotton leaves
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Table 2 Variance analysis results of soluble protein content in cot-

ton leaves under different treatments
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SES
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Fig.4 Effects of different treatments on soluble sugar content
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in cotton leaves

2.1.4 REAH B ACEEFE ALY LG T
AU/ 200 P A7) 50 1 AR 7 A A HE X 400 i 1Y
BEEIE, B2 A Pkt AR A P e r T Sz B8 T
e 5 34 Pos BEE AL AR KR 7 ERE R HE
AL FREA AR AL R v 0 S A ) B A TS 1 52 IS
BN BEAR A 3 TEAE R IR B e KB, 7Ent 2210
B, 7RI, AL A2 AbERAGARAE T b (88 A AL
W ke Bt 55 1 3 1 M 113.61~ 119. 67 U/g ., 86.37~

90.97 U/g, TEFRI, #ERh XA AL | rb i 4
A Al 6 P A S 3 A R RS ) 5 B2 AL B AR AE
) AR A ) B A S A LG B A B 55 6.38% ~
9.61%, TEAEELI, AR AL Fr v i S A0 ) B AL g
T 4199.68 ~ 221. 82 U/g, 45 Ab P 22 6] G t & 22
o TENEZU] IR AL b A A B Ak
BT PEAT WA, C1, C2 AL 3R AL A b AR 4R
1k Wy B Ak Bl 3% M 3 1 O 155.17~ 167.00 U/g,
126.68 ~148.30 U/g, C2 AbBEAYARAE M A 9 4R
A A BETE E HE C1 AT 12.61% ~22. 49%

#3 FEMETHEMFPABAGESENTENTER
Table 3 Variance analysis results of soluble sugar content in cotton

leaves under different treatments
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i i M k2
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P b BE xR BB 07031 09121  0.7650 0.579 2
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® 300.00f
=) ag
S 250.00F aa a
= L a
vHT L g -
o Ch&rhb A
S 15000, 4,4 -E \ ;.
+ ) I [1
§ 100.00 =fﬁ bbb =§ H ﬂ
0 || 7 2 I
5 5000 L i‘ I A A
0 T p [
= i) S0 24

OAIBICIL; OAIBIC2; B3 A1B2CL; MA1B2C2;
B8A2BICI; 8 A2BI1C2; mA2B2Cl; @A2B2C2

ALERIEFR T A2 RBRAEFD T BLABFRE 1 hm?30 000k ; B2, #75Fh
I 1 hm?45 0008k C1. 3615 H 25 H;C2. 8 W6 A5 H, F—4
HHIMAFELL BRI A E NG F RN 225 3 (P<0.05)

B 5 AEALEIIREM F BB LEEENZm

Fig.5 Effects of different treatments on superoxide dismutase

activity in cotton leaves
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Table 4 Variance analysis results of superoxide dismutase activity

in cotton leaves under different treatments

AT PR 28 0 A W AL R S A 1Y P A

FIES
HiY Y R g
b4 0.0456* 03504  0.1125  0.4606
T 0.498 4 0.0139* 0.5311  0.6326
1 0.577 2 0.2089  0.5215  0.027 2"
Fh AL R 0.878 2 0.5089  0.9093  0.7352
T A B A 1 0.214 8 0.6854 0.7794  0.3295
FE T BE < FE 0.5323 07121 0.8845 0.7757
Fih 4k B x 3% Fh % 0.657 4 0.7834  0.7766  0.8190
JE x4 1]

* RN B2 (P<0.05)
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Fig.6 Effects of different treatments on malondialdehyde con-

tent in cotton leaves
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Table 5 Variance analysis results of malondialdehyde content in

cotton leaves under different treatments

AN [l PR X N — I s R Y P

Hi # BRI B
Fp 74 2 00759 02015 04239 0.5505
R 2 0.7319  0.6763  0.0975 0.220 6
kil 0.041 2% 0.0107* 0.5766 0.8415
Tolt Ak FHE oA ol 3 0.2549 02201  0.8574 0.1283
P14 B AR 1 0.5089  0.039 8" 0.1036 0.503 2
FE R BE < FE 0.6424  0.0198* 04626 0.2283
ggﬁﬁ&@%ﬁﬁ%‘rﬁ x 04636 06175 04527 0.363 4

* IR R (P<0.05)

2.2 ARESEMFIBIERZ RN

22.1 w¥ZHAE HESATLEWL, M B %
o288 85 R4 SO G A 6 0 7 v B TG i 3 R ), 45 Ak B
TR B 20.4~25.3 em S ACFEZ M B 2 5
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ALBRIGRIT A2 AR ERIANF s BL AR 1 hm®30 0008k ; B2 H5F
I 1 hm?45 0008k C1. 361 5 H 25 H;C2. 8 W6 A5 H, F—4
HHIMAIFEAL BRI AN E NG FREFRIR 225 3 (P<0.05)

B7 AEASEIRIE F 8T R EE R R0

Fig.7 Effects of different treatments on nitrate reductase activ-

ity in cotton leaves

F6 AEMBETHREMF PHBTREEENATEINER
Table 6 Variance analysis results of nitrate reductase activity in

cotton leaves under different treatments

N[5} PR X S R A S B MR M 4 PR

B = R 2
h 4k 3 0.3875 02675  0.1416  0.062 8
b o 0.1824  0.1308 02423  0.028 3*
Eigl] 0.0600 07239 0.8748  0.0027*
Fh b BEF B 0.524 1 0.7652  0.8585  0.2029
Tk 3 >R 1 0.0943 07215 0.1918 04854
T B < FE ) 09585 0.6409 04675 04300
FiF 4 B x 3% F % 01340 0.0931  0.3549  0.9269
JEE 3% 401

T R FRR B B E (P<0.05) M3 (P<0.01),

222 #FH MET EZSUUFRN, EMAELLET
EHIA v, ol R Ak 475 2 3 R S0 Ah PG o v LA
ANEEEM , FET I, b A FE T Rk i B 5
A1 ZEFRAHR AERR R 33,10~ 35. 80 em, A2 AbHH T
FAAEAR 55 925, 40~ 28.50 em, A1 &b BEAYAR A6 bk =
b A2 Ab3HE20. 70% ~ 30. 31% ; WX R B A B2
E A1 B 25 45 S A AHER | AR T AR = 3 i, €2 &b
FIRKE L C1 b BRI 3. 47% ~ 12.20% . 1E75 4,
KRR B 852, 60~ 70. 50 cm, 77 2250 BT 45 SL 32 0
AR R R REAE A i TC B 25 5, TEAE AR 0, 1R 0
STRIAERR A T S, C2 AL PR AR AE MR 1L 1
AL PR ER4. 34% ~20. 98% ., TEIM 224 | 4% 4b BRAR AL Y

PR 107, 50~123. 80 cm, 45 4 FEXT Hi 48 ik =5 TG
TR L B AT BT ER AL A BEAE R S AR A
B ARR S BARR IR S A B AR R Rl
MEFRAR , BRI 2 R T
S WA RE 4R S AR AR B AR I bR

R7 TERLEXIRERS NI
Table 7 Effects of different treatments on plant height of cotton

AR SRR WIbkES  ERIIbRE ek
i (em) (em) (em) (em)

AIBICI  3460+19la  6630+0.98ab  96.00+54%b 107.50£1242a
AIBIC2  3580+1.15a  6840+4.16a  108.60+12.78ab 115.10+16.84a
AIB2C1  33.10£3.52a  65.10+7.0lab  103.60£9.20ab  113.20+9.24a
AIB2C2  3440+376a  70.50£3.65a  108.10£12.90ab 117.60+6.27a
A2BICI  27.00£098b  53.50+4.52c  92.00£10.50b 123.80+3.22a
A2BIC2  28.00+3.16b  52.60+9.06c  111.30+870a  109.60+12.72a
A2B2C1  2540%257h  56.90%4.72bc  98.00£5.50ab 112.60+5.97a
A2B2C2  2850+1.85h  58.50£5.52bc  105.30+11.30ab 121.30£9.42a

AL BRAEFN T A2 R BRALFP T B1 FE A0 5 1 hm?30 000%k ; B2 3%
AR 1 hm?45 0008k ;C1. 4% 5 A 25 H;C2.#&W 6 A 5 H, [
Bl 5 AT AN EING PR R OR 22 5% 13 (P<0.05)

®8 AREEIRIERSHMATESITER
Table 8 Variance analysis results of plant height in cotton leaves

under different treatments

NGBS R AL

Hi i AW 2
i fb 2 0.0359* 0.1104 05109 0.2851
TR0 L 0.462 1 0.3097  0.6669 0.404 8
i ] 0.028 3*  0.2084  0.0320* 0.756 7
BB RI R 07358 0.3929  0.6726 0.447 1
itk B x4 3 0.513 8 02922  0.6031 0.4133
R 2% 3 < 0.440 7 03610  0.2846 0.3572
ggﬁdmlﬁﬁﬁﬁl%‘rﬁ x 0.454 8 09112 0.8333 0.2311

* RN B2 (P<0.05)

223 REd HEIKI0WTLIES, FEH, F
T BEXF A AL AR A 52, A1 A B SRAS L
A2 ZbFEZ41.18% ~100. 00% , TEAEES I, #&Fh g
JEE A XA A SR R B AT 2 5 7R A2 b PR
T, B2C1 AbBEER AL ; b5 Ak 3 < 195 Ao 285 38 4% 10
XTRRAE R B, DL A2B2C1 Ab B,
AR HAB AL PR 227.59% ~ 45. 79% , {E 23],
AL BRAL R AL SRR RN 12,60~ 16. 30 &, 5 220
GEOLR], & R XL R BT B E w25 1
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Fig.8 Effects of different treatments on cotton initial node height
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Table 9 Effects of different treatments on the number of branches

of cotton
S i‘?ﬁiﬂﬁfﬁ’é& ?E%@%i%ﬂzﬁ %%&E&%Hﬁ
(7) () =)
A1BI1C1 6.90+1.33a 12.20+2.11be 15.80+0.40a
Al1B1C2 7.20x1.51a 11.30+0.64bc 14.10+3.00a
A1B2C1 8.00+0.92a 11.00+£0.92¢ 14.10+2.53a
A1B2C2 8.30+0.64a 10.70+1.17¢ 12.60+2.08a
A2BI1C1 4.50+0.42b 11.60+0.72bc 13.60x1.11a
A2B1C2 5.10+0.23b 14.50+2.21ab 16.30+3.32a
A2B2C1 4.00+0.20b 15.60+3.22a 16.30+3.00a
A2B2C2 4.30+0.64b 10.90+1.63¢ 14.00+1.20a

AL BRAEFD T A2 R BRALFD T B1 BRI 25 BE 1 hm?30 00044 ; B2 3%
Fha% 1 hm?245 0008k ; C1. 315 7 25 H;C2.4%W16 A 5 H, [
BiREAEARRNG ﬁ'—ﬁimi#%z(ko 05),

F10 AELEMNBERRBZMATEDHER
Table 10 Variance analysis results of cotton branch number in dif-

ferent treatments

ENGIESESOE Y5862 c WX

e

) EH kg
b 4b 0.032 7 0.1681  0.5323
T 0.631 3 0.6794  0.499 7
3 0.145 1 03596  0.4427
Tl b B <A A 2 o 0.109 6 0.5273 03726
Tl b B 4% 1 0.781 8 0.8654  0.347 1
T RE < FE Y 0.889 7 0.040 6*  0.202 6
il A2b B < f28 ol 2 B2 2 10 0.781 8 0.021 5* 0.1806

* RIRF B2 (P<0.05)

3 1

3.1 FFERLAE BB T ENREEER
R R Z IR R200

MRAEAE R T BE T 5 M bR 25 T2 LA A A5 s S
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ARk PRAE 5T T S A | B2 LAt J7 X2 s 7ol
T H R T A BB ORI T RCR B e g
SRR R B, IS PR B Zn™ Ab B  RAEFDF
FEZF AR R v e A A 0y A T T A A S AL W Tl
PO IR I A [R] R BE A4 w5 , 2 A BHOX) AN [
DRURUAR AL i3 2 Jm A 0 1) 2 IR AR B AT 0 3%
V5 AR B AR AE P33 5 T B B 5 8OR,
X A rp Rl TR Al AL PR AR AR S R AR N AT
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SPAD fBL | AT ¥ VA 2 et | DN 35 dat MV P i
I P (R S AR BRI I0PE AY A BRAE B | 7EAS T3
HENJFOR R S TR A R AR A
P ALY B3 [ 22 1k, 156 5 2R A Ak PG —
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ATAL B AR A & e 7 A R T Al A 7= AR
PR & I ¥ S (0 ) B e i I i I =R S
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