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6], H A58 0 9ok 27.4 °C (2022 4F ) F1 27.7 °C
(2023 4F ) , S B K £ 43 004 169.9 mm (2022 4 ) Fil
267.4 mm(20234F) .
1.2 Kt

SEABEHLIX 21T, 6 /1Ml UK P (kg/hm®) 4351
9 180(N g, /N SR WK fi ELRR R AEAE B &)
210(Nyy0) +240(Nyy) . 270(Noyze) <300 Nygo, 3 ML 1
AR AEIE B ) L 330(Nyy) , #21:6:2: 14304 1K
(BEFIAT AL Od WA 7 d WAE 14 D (K1)
NI 28.8 m?(12m X 2.4 m) , AR FEE , Hi 44
TR IR

TE I HH A 7= ) K A6 i B 4B AR 3097 (42 Hh
P KAFBET ) L 20 3 F 2022 4F 5 H 13 H Hi1 2023 4F
5H 21 HEER . MR 9 #/m?, 4715 60 cm, BRiE
18.52 cm. B U AE 442 b 1 SR R 4 it FH A1, 4 AE
(K,O) i FH 4 240 kg/hm?, 3% R 5 AL AE O d 4%
50% , B HE (P,O5) 84 kg/hm? FIHIAE (B) 1.5 kg/hm?,
AP AT — UG . BT AR R IR R (N, 46%) V&
AR (K,0,60%) 2t BEFRE5 (P,0O5, 12%) Fliliab (B,
1096 ) o HoA FE [ A5 A it 5 > b K P A= 77—
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Table I The application dosage of nitrogen for direct

sown cotton after rapeseed harvested

kg/hm?*
FERITT WAEOd WAE7Td  WAE14d
ﬂ}i {193 {1 (Y
Pre-plant 0 DFF 7 DFF 14 DFF
Treatments
(10%) (60%) (20%) (10%)
Nigo 18 108 36 18
N0 21 126 42 21
Ny 24 144 48 24
Ny 27 162 54 27
Nioo 30 180 60 30
N0 33 198 66 33

1 :DFF #R WAEJG K48, Note: DFF means days after the first

flower appearance.
1.3 REMRNE

IREIATE 1~3 F 5 (0 /N X ] — A [ i
My 158k, T8 H 15 H A fE bk e R TE RAEEL 56
TIRAG B EZEN R EZESM R R AR Y
PR
1.4 BEEXZRINE

P AR FRHEZE (35 100 em, 9% 60 cm, £ 100 cm) ‘&
TATIA], Hoa 1 B 40 4 2 (B A 30.50,70,100
em) , AT FERE 4R 7 s ONHE SR — U , A 2 AHEE 10
cm) o SR TFRIAE I S AR AR I B L

12: 00 1 K JHAE Y 2 70 B (SunScan, DELTA-T,
UK) M E ARG )2 G A RUER S B, DN TUEG A A
R ST A LU TR 2B R (R ZiBR
SRR 206 SR S B 5 T0UZ 66 A RO
SR BEIY 0 E) .
1.5 EEFHFENE

R LI-6800 St & 980t 4 A 2h I i £ 48 (3£ [
LI-CORA ), 43 T2 W W46 b 9] 4548 10
T 22 0TI 2 AR AR D RE I OGS R R R R
LSRR COL MR E .
16 FEREMBEZRESE

AR 3K (202248 H 25 H 9 H 27 H (10 H
24 H,20234E9 H4H 9A27H . 10H 21 H) ATk
AN WG PR BT i, R SEBeA - . Horp 58
1 YRR HOE & i 22 AR 48 1004, 5 28 M 425 o a2 A
Koo
1.7 BB SR

F* F Microsoft Excel 2021 (Microsoft, Bothell,
WA, US) % 5 , Statistix 9.1 (Analytical Soft-
ware, Tallahassee, FL, US) # 47 J7 22 /> #r, LSD
(least significance difference ) H A B[] 2% 57
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IS5 R WoR A AL 32 A i AUK TR R
M), JFE 25 55 3 TR R T LA T RS B, T AR S T
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55 2022 4FAH EL , 2023 A AL KT AR RN B i = £ 43
BB T 26.9% F127.9% , B A AR AS BB n T
8.5% MR BT H N T 19.6 26 , A 43 AH Y .

N KFAR 72 4 (2 a2 2 893 kg/hm?) #% 5 ({5
2023 4F 5 Ny T 22 57 ) , 10 Ny JZ A 7= i (2 a F- 4
1141 kg/hm®) e i (H 5 Ny LR , BB EH T
N1807ﬁ] Nazo0

Jite 8 HE HG TN, A 3 B AT AR Ak i A7 T AR 2
SeHAIERE . JEE RINA , Ny (77.540/m*) e £, Nig
I /b (59 4~ /m?) , H 2022 4F Napo=>Nyy (Nyy) =
N330>N21o (leo) , 2023 /E|£ Na7o (N3oo) >N24o (N21o> >
N180>N3300

AL (y) St A () 2 IR &R (K
1), Hodokp ™ it 5 A e R0k y=1143.34 +
10.662—0.0212° (2022 4 , |8l 1A) Fl y=396.71 +
21.08x—0.0402%(2023 4%, ¥ 1B) , i &Ll 252.4
F1263.5 kg/hm” B, FF A 7™ 5t 43 590 o] 38 B8 e KAE
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Table 2 Cotton yield and its components

0 Year b Feat/ (kg/hm?) Yield BB *,%!f@)‘ﬁi/g ;Eg}/%
Treatments i Seed cotton JzH Lint Bolls per m* Boll weight Lint percent
Nigo 2 357.6d 910.8d 54.3cd 3.7a 38.2a
N,y 2403.4¢ 947.2bc 50.1d 3.7a 38.1a
2022 Nay 2452.5b 973.3ab 64.9b 3.7a 38.3a
Nz 2465.0b 985.3a 66.9b 3.6a 38.3a
Nago 2512.2a 978.5ab 73.6a 3.7a 38.4a
Ny 239%4.1cd 920.2cd 58.6¢ 3.6a 38.4a
Nigo 2934.6d 1141.5b 64.5¢ 4.1b 38.4a
Ny 3 068.9bed 1195.7b 71.3b 4.4a 38.4a
2023 Nay 3108.8bc 1 203.6b 71.6b 4.5a 38.4a
N7 3196.8ab 1296.4a 81.4a 4.3ab 38.5a
N0 3274.3a 1301.3a 80.5a 4.4a 38.4a
Naso 2979.2cd 1195.3b 63.4c 4.5a 38.2a
NXY ns ns *ok ns ns

T ) — 3 R R NG 2 B 3R R A B R AR AE 0 35 25 5 (P<<0.05) o **RIRAE0.01 /K LR E RS ns Ran LR, T,

Note: Different letters in the same column indicate significant differences between treatments (P << 0.05).** indicate significant differences at

0.01 probability levels. And ns means there is no difference. The same as below.
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Fig.1 Quadratic fitting function between seed cotton yield (y) and nitrogen application dosage(x) in 2022(A) and 2023(B)

2 496.1 F113 174.0 kg/hm?.

B i 5 il A & OC &R L y=166.39+
6.27x—0.0122% (2022 4F , & 2A) Hl y=51.06+
8.87x—0.01627 (2023 4, & 2B) , 4 jifi & 5t 4 261.2
F1277.2 kg/hm* B, KA 7 1 43 501 ) 3k 3198 e KAH
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Fig.2 Quadratic fitting function between lint yield (y) and nitrogen application dosage (x) in 2022(A) and 2023(B)
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Table 3 Effects of nitrogen application dosage on cotton agronomic traits

HHR; Fruiting branch F225 Stem
.. i
AFfy 4b i /cm 5 /cm RSN HL A
i Ler g Y Ratio of height
Year Treatments  Plant height Plant width kA R/ em Green leaves i atio othelg
No. per plant  Initiated height Nodes to node
per plant
Nigo 61.4c 57.1a 8.1c 28.6¢ 9.1c 14.8b 4.1ab
Naio 61.7bc 55.0b 8.7ab 29.5¢ 9.6bc 15.3ab 4.0b
2022 Nayo 62.3abc 55.6ab 8.2bc 30.1be 9.7bc 14.9ab 4.2ab
Naro 62.9ab 56.2ab 9.0a 32.0ab 9.6bc 15.6a 4.0b
Naoo 63.5a 54.5b 9.1a 33.3a 10.4a 15.3ab 4.1ab
Naz 63.5a 55.2ab 9.1a 32.6a 10.1ab 14.9ab 4.3a
Nigo 58.4c 52.0c 9.1c 26.9¢ 11.9¢ 14.3¢ 4.1cd
Naio 61.2bc 53.2bc 10.2a 28.7bc 12.5bc 14.4c 4.2bed
2023 \PY 62.9b 56.8ab 9.4bc 31.5a 13.0ab 14.8bc 4.1d
N7 67.4a 57.5ab 9.9ab 30.1ab 13.1ab 15.4ab 4.4abe
Naoo 70.7a 58.7a 10.4a 3l.4a 13.3ab 15.4ab 4.4ab
Nas 71.1a 58.6a 10.0ab 31.8a 13.5a 15.8a 4.6a
5k S5k
% %
g 4k S 4r
= £
g 3t F 3k
< <
A S B 5
g 2F ;jiﬁi 2F
B B
=t 1=
= 1+ = 1+
O 1 1 1 1 1 O 1 1 L 1
SQ FB PB BS BO SQ FB PB BS BO
HH B Growth stage H:H W Growth stage

A:2022; B:2023;SQ: B A FB: WIAEHA s PR B AE I BS: 454883 . BO: b 2 . W ORR/ING SR 37 A B8 ) A7 A B 25 25 57 (P<<
0.05). T, SQ:Squaring; FB:First bloom; PB:Peak bloom; BS:Boll setting; BO: Boll opening stage. Different letters above the column
show significant differences among the treatments (P << 0.05).The same as below.

B3 MEREXRErEREHN

Fig. 3 Effects of nitrogen application dosages allocation strategies on leaf area index
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24 REMREVBEFSHXESHT L35 I /DN | I i it 2R N R R (R 5) . OF
M AR UL, AR PR S MRS T R BB, Ny il N 45 42 W At ZUIAH 2, {5 N,y
B F R T IR A OG M OE R By AL T Ny 8588 0 T I 34.800 , 2R R I 33.8 %4
24 0.61.,0.86.0.79.0.91.0.59 F10.49, HBAARE AL T Nago B8 M 32.9%6 , nk 234 hn 71.0%6 .
i 55 AR 2R T LRI v IE A O A 5 )2 5 B A9 35 6%, Nogg 55 N A 24, {H HE Nog,
25 FEBEAETHENERSELER 7E 30 cm &b, & A6 ] R B 28.8%, ik 2 T %
R B2 3 Y6 R AE ) A ] RS AR 25445000 ik 34.800
. ‘ = 1.0

il 0@ ®
Lint yield .
K| 0.6 ‘
Lint percentage ) . . 0.6

B .
0.80 (
Bollsperm’|
B «
Boll weight .
Tﬂiﬁ ok
Plant width
R
Fruiting branch initiated height 1-02
FEZPHRH] 0.79 064 0.76 .
Stem nodes per plant
WA 091 0.66 0.90 0.78
Number of fruit branches
B 050 057 0.62
Ratio of height to node
PR 0.56
Plant height

29

*
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W
wn

*
*

-0.6
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wn
2
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=
N

Plant width

[

Plant height

Bolls per m*
B
e
T
3=

Boll weight

ESE

Number of fruit branches

=]

Lint yield
¥
Ratio of height to node

B
TN

Lint percentage
Stem nodes per plant

Fruiting branch initiated height

PP AR IEAIG, B AR TG, RT3 IR B 3 56 (P<<0.05) Al i #4115 (P<C0.01), The red and blue represent correlation

positively and negatively, respectively, * and ** represent correlation significantly (P<<0.05 ) and extremely significant(P<<0.01), respectively.
B4 BEFESREHEREXERE
Fig. 4 Correlation heat map among cotton yield and agronomic traits

x5 AREEHARSEBENELE
Table 5 Light transmittance at different growth stages and canopy heights under

different nitrogen application dosages (averaged across 2 years) %
WIAEM First bloom BEAEI Peak bloom 2545 Boll setting it 2411 Boll opening

OB
Treatments 30em 50cm 70 cm P 30em 50cem 70 cm T 30ecm 50cm 70 cm T 30em 50 cm 70 cm P
Mean Mean Mean Mean
Nygo 50.0 787 975 75.4 309 50.2 932 581 161 325 832 439 122 218 652 331
Ny 53.0 91.1  96.9 80.3 29.0 53.0 8.9 563 145 287 680 371 11.2 178 664  31.8
Ny 49.1  87.8  99.5 78.8 16.2 394 89.0 482 171 379 709 420 79 236 604  30.6
N7 445 857 984 76.2 220 440 833 498 105 240 51.2 286 56 142 460 219
Nag 380 758  99.7 71.2 10.0 247 675 341 7.9 19.5 559 278 7.2 176 521 256

Niso 29.2 529 987 60.3 13.0 298  63.3 354 6.7 114 465 215 22 7.6 28.6 12.8
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Fig. 5 Cotton net photosynthesis rate(A) ,transpiration rate(B) , intercellular CO, concentration(C)
and stomatal conductance(D) under differ ent nitrogen application dosages
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i A it R P e SRR R RO D A %
B T S B MBS A o o g T EURE , R T LA i
SRR R TR BN TR R B B v Wik
1 BB ROF A —E SR, R ™ A — i 23 3

3.1

TN AR AR AR I AR B R S B A
AELTIN K i U 300~450 kg/hm? i, %775 FIK 43
F IR 1 R O W s, ASHIFSE v, M A A K30
1], 2022 4 7K 2023 A8 57.4 %, LR 7T—9 A
(F&Fl 5 60~150 d) FFLEUT 90 d T SR 2L 40 d &
oo SV IR VK 5 U (EAR AL PR ARG T IR
HARGY (2023 4F) 5 1 Ho 5 i 7™ o 1 AUIE T 6, 2023 4F
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Jiti 26 AT A B R AR R S SRR R 32
fg ., 2 2Em R0 RN SRR X AR A
PR RRCE RGBS A 1 i ST
J& T B A 2R AE i & 300 kg/hm? i f 42 , S5 AHF
FARFEAR—F FrLd, 5w AR A R T A
AREE BB UMRIAR A8 75 A KA Bl A K
Z, DTS 237 T AR B, e AR A e P
3.2 HMRAFSHBELEGHENXER

TR BRI R ot A R — e R
F WG HERIROR , H o =3 5 R BDLAERIR  [Fik
Yiy A e R A By g AR B R A TR
A B2 2R k3 e 2 R EE Y . B R A
i 270 kg/hm? Bt AT FRAS A B AR AL B IR el )2
SER RS T UL AR B 1 R
AT EDERAECR B R B R RS, i 4R
R AR . XA R AN UA L it
270 kg/hm*, #§ J& 90 d oA HUR I 2 4t (R )2
BRI T HIE)E 120 dE)Z B R EM . A
FEH, R AR TS J2 375 't R B bt 2 et 1 i v (3R 5)
T HL 5 )2 mp B (50 em) TR #8 (30 em) 8 )6 RAK , Ui
F R AE TR A G REA RS R e (T2

it UIE BE A2 B s AR AL I R e A e R (A
it 2 BRI G A R 2 th Tk ad AR K S8
MR R I 32 20 AR TR R AR
£l 124 S i 80 ik (0~360 kg/hm?®) (356 I, A 76
FOLa R T B 1E 270 kg/hm* I B i . AT
FARI, Ny 66 0% 78 16 o R AL 5 B 55
AR T H AL AL, P b i s . R, AR
AR KON R B E Z RS B AR JE IR R
5N A Y, kAR AR £
Ty 1 PN AE DT R 2, IR AR W o PR R B R IR
B ] HAE < R SRR ], AR TR 6
S RN 1 R
3.3 “HFERIER" 5 R AR

Hb AT I I A 28 A AR A 3 R B
ok 1) PR A R ASE 5, /N2 100 R A A T B AR
2 HRMOR G B AR AR AL 4l B o XA L E B AR
PR A5 20 45 10, 4 48 &I T 2= DA 300 kg/hm?
B — A 3R (RE R AT A AE30] R AEI0D) e 2
TR AR AR 2 A DR AR O JE RO T sk, (R AR
NI &y 0L ST TR TS @AY Uil i b= 5y 22 (N
FEAE TR D o ARG 50T, 285 T e AT BAEE Tk
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Effects of application dosage of nitrogen on photosynthetic
characteristics and yield of direct-seeding cotton after
harvesting rapeseed oil

XIE Xiaoqi, PENG Jie,ZHANG Zhao, QIU Shen, YAO Xiaofen, DU Xuan, YANG Guozheng

College of Plant Science and Technology/Hubei Hongshan Laboratory, Huazhong Agricultural University,
Wuhan 430070, China

Abstract The early-maturing cotton cultivar Huamian 3097 was used to study the rational application
dosage of nitrogen for the direct seeding cotton after harvesting rapeseed oil in the cotton area of the Yang-
tze River Basin based on the concept of “increasing yield without increasing input”. Field experiments were
conducted in 2022 and 2023 to investigate the effects of six application dosages of nitrogen including N,
(180 kg/hm?) , Ny, (210 kg/hm*) , N, (240 kg/hm*) , N, (270 kg/hm®) , Ny, (300 kg/hm?) , and
Nas (330 kg/hm*) on the growth and development, photosynthetic characteristics, and yield of cotton.
The results showed that the yield of cotton under Ny, and N3, was comparable, but higher than that under
Nig and Naz. The two-year average yield of cotton seed and the number of bolls per unit area under Ny, in-
creased by 7.0% and 5.4%, 24.9% and 21.6% compared to that under Ng and N, respectively. There
was no difference in plant height, number of fruit branches, height of the first fruit branch, number of
green leaves, and number of nodes between treatments. The light transmittance of cotton canopy decreased
with the process of growth and the increase of application dosage of nitrogen. The light transmittance of cot-
ton canopy within the canopy height of 30-50 cm and the cotton row of 20 cm under N, was 23.9% higher
than that under Ny, 10.0% lower than that under Ny, and comparable to that under Nyy. The net photo-
synthetic rate, transpiration rate, and stomatal conductance under Ny, (Ny,) was higher than that under
Nig and Nsg. The concentration of intercellular CO, under N,;, was lower than that under Nig, and Ny It is
indicated that applying 270 kg/hm” nitrogen fertilizer to direct-seeding cotton after harvesting rapeseed oil is
conducive to the growth and development of cotton, can increase the number of bolls per unit area and im-
prove light transmission of canopy to enhance photosynthetic performance, and thus can achieve a higher
yield.

Keywords direct-seeding cotton; the application dosage of nitrogen; light transmittance of canopy ;
photosynthetic characteristics ; yield; “increasing yield without increasing input”
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