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Long-term stubble return and subsoiling enhance cotton yields in coastal sa-
line-alkali soils by improving soil conditions and photosynthetic characteristics
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Abstract: Stubble returning and subsoiling are agronomic practices used to ameliorate saline-alkali soils, while photosynthesis is
a fundamental physiological process underpinning crop yield formation. Long-term implementation of stubble returning and sub-
soiling can improve soil fertility in coastal saline-alkali cotton fields, thereby promoting cotton growth and yield. However, the
photosynthetic response of cotton to long-term conservation tillage under saline-alkali conditions remains insufficiently under-
stood. To investigate the effects of long-term conservation tillage on soil physicochemical properties, cotton photosynthetic per-
formance, dry matter accumulation, nutrient uptake, and lint yield in coastal saline-alkali fields, four treatments were established:
conventional tillage (CK), subsoiling (S), stubble returning (R), and the combination of stubble returning and subsoiling (RS). The
results showed that, compared with CK, the RS treatment significantly reduced soil pH by 6.6%—7.7% and soil salt content by
21.2%-26.1% (P < 0.01). At full bloom and boll-setting stages, net photosynthetic rate (P,), stomatal conductance (G;), and rela-
tive chlorophyll content (SPAD value) increased by 15.9%, 42.9%, and 12.7%, respectively (P < 0.05). During the boll-opening
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period, canopy photosynthetically active radiation (PAR), dry matter accumulation, and nitrogen uptake increased by 11.8%,
59.8%, and 72.0%, respectively (P < 0.05). Moreover, lint yield increased by 56.2% (P < 0.01). Lint yield was significantly posi-
tively correlated with transpiration rate (7}), stomatal conductance (G;), and PAR (r > 0.5, P < 0.05). In conclusion, long-term
stubble returning and subsoiling effectively improve the soil environment in saline-alkali fields, enhance cotton photosynthetic
capacity, and significantly increase lint yield. This integrated conservation tillage strategy offers a practical and effective approach
to promoting cotton growth and improving productivity in coastal saline-alkali regions.

Keywords: saline-alkali soils; cotton; stubble returning; subsoiling; photosynthetic properties; canopy photosynthetically active

radiation; lint yield
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Table 1 Soil base fertility in 2012
G Friha A B 2R HE Rk LR
AR ] = Salt Soil organic Total Bulk Available Available
Soil layer pH . . .
Year (cm) content carbon nitrogen density phosphorous potassium
cm
(gkgh) (gkgh) (gkgh) (gem™) (mg kg (mg kg
2012 0-20 8.48 4.15 5.11 0.65 1.42 18.50 146.90
20-40 8.16 4.01 2.89 0.34 1.54 5.89 70.11

1.2 Rt

2023 4EFI 2024 AETEE PRI SEAE EETTIEST,
FRAESh R <G RipE 37 %5, WHMBHECK, Tt
20 cm). VRFA(S, FEFIEE 3 AFFEAT— IR IEFA AL ) |
TR H (R, BAERUS AR RS AR 8 28 3~5 cm,
B Ot T BERE A 1=, BERF 20 cm)  FHFFIL H IR
(RS, BAEFSFFE HA3 F—UIRMY) 4 DabHE, BEAL
X3, 3 W ER, /NMX A 270 m? (30 mx9 m).,
MAET 4 A N ARG BT A (3E4T 1 m, %84T
0.5 m), ¥k 0.25 m, % 51,300 £ hm>, &, B,
BRI 5t P 3 52 N 120 kg hm ™2, P,0s 132 kg hm™>
Al Ko0 36 kg hm 2, JHoAth FH ) 45 B[] 224 M 5 B0 G
1.3 TEBELERIE
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(mgkg ).
14 TYRERRZMRMEENNE

TERRAETE 1] . S0 45 2% S0 ANk 200 ) SRR
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I FR R BRI REHI N 1500 pmol m? 7', CO,
Y BE 2 R AE 400 pmol mol !, g BE 4
(2842)°C, HH NV 5 1 4 (60£5)% o Ff >4k #3452
W5E 10 BRIF UL {H

1.5.2 KA A 2585 A AR F 0l 2
JIN DX R T AL SR A S DA R A X 4 A A A
Kokid, FHERIRAAY 11:00 & 13:00, R HHEZ 5
Hr{¥ Sunscan, ZrJilTERRAE 3 AN CHEA: T I
& % 5 & (photosynthetically active radiation,
PAR, pmol m? s )AL IR K (light interception,
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% Microsoft Excel 2021 X #t3e 47 4b 74
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8 25 MR FH Duncan Ky 50 37 7 BLR R O 22500, W
PEARFBGEHN P < 0.05; {1 Origin 2021 #AFAN

IR 3 pH FI &, ALk . 2R GRS &
WER, 0~20 ecm +2H, 5 CK #HEL, S. R, RS
() pH {H 2 4E PN B B AR 2.9%~7.7%; &b i i A
7.2%~21.4%; ALK S BT E RN 19.8%~ 78.2%; 4=
ASEBERI 13.7%~61.2%; HACH & B8N
21.0%~70.3%, HALA ZH7E R 5 RS Ab3H] T i 3 25
5, RS AbBRH L AU CK 2 4F -1 480 31.5%, RS
Sb PHA BB CKPHAEF-34 18 2B 38 37.5%
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pH {8 2 4E N WL E FEAE 3.3%~6.6%, & thit i ZH AL
9.0%~26.1%; AbHR[a]AT HLAK A4 A 1 A8 {5 — 3,
RS BYA HLEK & 55 CK LS R &1 40.2%~85.7%,
R E D EWN 14.3%~60.0%; S, R [A]EBAN &
WEFARE, S5 RS M 2 4735 B E AL 26.3%,
5 CK M L 3 66.2%; S AbBEAT RUBE 4L R 45

BN, 2 AEREIRSF YA 17.3%; RS Ab R A s 8 A&
B CK WF s 16.8%.
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Table 2 Effects of different tillage practices on soil pH, salt content, organic carbon, total nitrogen and available nutrient in coastal
saline-alkali cotton fields

Chiplot %3 (https://www.chiplot.online/)%: [&] .

2 ZER59H

. o L 2% MR HAL B RS
Ay j:’; b B AR Soil organic Total Available Available Available
Year Soil layer Treatment pH Salt (l:(orifent carbon nitrogen nitrogen potassium  phosphorous

e k) ke (eke!)  (mgkg)  (meke)  (meke)

2023 0-20 CK 8.39a 4.16 a 4.59d 0.51d 3242 ¢ 127.08 d 13.07b
S 8.15b 3.86b 550 ¢ 0.58 ¢ 37.03b 160.10 ¢ 14.46 b

R 7.99 ¢ 3.65¢ 7.58b 0.72b 41.08 a 190.61 b 16.23 a

RS 7.78 d 3.28d 8.18 a 0.8la 4248 a 215.65a 1743 a

20-40 CK 8.37a 437 a 2.39¢ 031d 32910 45.86 ¢ 3.95d

S 8.15b 3.75b 3.08b 0.39¢ 3486 b 77.67b 5.00 b

R 8.10b 3.56b 3.16b 0.42b 37.68a 76.14 b 435¢

RS 7.82¢ 324 ¢ 443 a 0.49 a 38.86a 106.15 a 6.13a

2024 0-20 CK 8.40 a 4.16 a 4.57d 0.49d 31320 131.22d 12.96d

S 8.15b 3.82b 5.50c¢ 0.57 ¢ 3844 a 158.73 ¢ 15.15¢

R 793¢ 3.60 ¢ 7.56 b 0.72 b 4146 a 197.13 b 16.76 b

RS 7.75d 3.27d 8.14 a 0.79 a 4131 a 22342 a 18.35a

20-40 CK 8.36 a 437 a 2.38¢ 0.30 ¢ 3396 ¢ 4593 ¢ 3.28d

S 8.17b 3.79b 3.06b 0.36 be 36.78 b 74.88 b 534b

R 8.08 b 3.55¢ 3.13b 0.42 ab 37.48b 79.99 b 446 ¢

RS 7.81¢ 3.23d 442 a 0.48 a 39.24a 100.79 a 6.53a

CK RN EHMHE, S FRRBEMBHE, R FRFEFTIEH, RS RN BRI o ARG F -3 754 [F) 4503 4 7] L 2 AL BRIRI7E 5%7K
CK represents conventional tillage, S represents subsoiling, R represents stubble return, and RS represents the combination of subsoiling and stubble

return. Different lowercase letters within the same year and the same soil layer indicate significant differences among treatments at the 5% level.
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FEAF e H SRS I T AR R B a(E 1-
B), 2023 AEFF A A R AL i RS 2 = T CK..S.
R (120.1%. 30.3%. 32.3%, P < 0.05), "EFE#sE

RS AbH AR R 7R AL S5 0 7R R RE 1 AR
S A R ACFHTC % 22 5 . 2024 AEANFEAFI] S R
Ml RS AbE#E CK AbPHA R LRGN 33.4%~
281.5% (P <0.05). UbAh, HEAELEE S Ab BEAR T A
ZHERREP <0.05), RS A IR | it KA g8
EHRAREME RS EE ST CK AbH(55.2%~277.3%,
P <0.05), FH 43

23 KEZEMTHERRMIBEXEGHENZN
23.1 PR EESHEAK F & 2 AT 2 4R POl
BB AR 2 FNBSER P EKTE
WiFnn: 2 e, k22 AR (R 2-A) TEREAESS 41,
5 CK A1, 2023 4F RS 1Y P, {8 10 45 13.6% (P <
0.05), 2024 4F- S FI RS 1Y P, {53 42 55 9.1%F1 18.6%
(P < 0.05), T, KA B A 84 2 AR (IR AR fl B 4

A
140+ 2023
Reproductive organ b ab
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Il Root
a c
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CK | S|R| RS

He
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a
L 2024 =

I

a
I

Heo

CK|S|R|RS|CK|S|R|RS

Bud period Full bloom and boll period Wadding period Bud period Full bloom and boll period| Wadding period
B a
160 2023 I - 2024
a
Reproductive organ T
I Leaf be ab
Il Stem L I
Il Root

120+

Nitrogen accumulation of cotton (kg hm™)

CK|S|R| RS

CK|S|[R| RS

==

CK|S|[R| RS

Bud period Full bloom and boll period
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Bud period Full bloom and boll period Wadding period

Bl1 FARMEFRETHRETVRESEERZENEN

Fig.1 Changes in dry matter content and nitrogen accumulation in cotton under different tillage practices
AEPRIF G 20 AN[R)/ING - RE RS [ 45 0 AR R 17— #5% AR 1R I 0 A BRI 5%KF B2 B35

Treatments are the same as those given in Table 2. Different lowercase letters within the same year indicate significant differences at the 5%

level among treatments of the same organ at the same growth stages.
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FERRACEE B W e, LA TR AR AR AE . TRk R
(K] 2-B); 2023 4F RS 5 CK., S fil R ML, T, (EI iR
435K 23.6%. 12.3%F1 15.2% (P < 0.05); 2024 4E R
B THS CK ML, BEHE 13.5% (P <0.05). G,
FERRACLE B IR IEE, SALFRE &, FTF COo,
PEABOEAEVERE 2-C). 2 4EMIEAELEAI S, R
MRS ) GHBEET CK (P < 0.05), BIE55] 4
22.7%~43.8% . 26.2%~37.9% . 35.0%~50.7%; 2024

A 50

AEE 2 RS AbBE G {E R (P < 0.05), # CK., S Al
R 3B EE 41.6%. 31.3%F1 34.6%., C; Bk Kt
A A 5 v AR - AR AR B, AE B AR 45 44 1 s AR
(K 2-D). 2 - [EF W C{ES CK AL, RS 735 %
P 15.0%F1 14.5% (P < 0.05); Bt 2558 W R R AL
ARG . X CO HAER, CARER; k22
W, LA TR, CENAIREIT . 4 4 B7E %
TEES L WA 22 R B3 (P> 0.05).

B

2023 2024 CK 2024
__ 4o
' 30t N‘E
) | )
£% :
< 10f =
0 Bud Full bloom Wadding Bud Full bloom Wadding 0 Bud Full bloom Wadding Bud  Full bloom Wadding
period and boll period period period and boll period period period and boll period period period and boll period period
C 1.6 D 400
| 2023 . 2024 2023 a 2024 a2
a a b ab ab N a a
a
1. 2~ 300f 1 bl I
T TED a3 a 2
o I a0
£ S 200} ! I’ dad
S =) aaa.,
£ = L ;
o) 100}

Bud Full bloom Wadding
period and boll period period

Bud

Full bloom Wadding
period and boll period period

Bud
period and boll period period

Full bloom Wadding Bud  Full bloom Wadding

period and boll period period

B2 FRMEFBETHAETERP). BBERT). SLSEG)IEE CO,RECHEL

Fig. 2 Changes in net photosynthetic rate (P,), transpiration rate (7,), stomatal conductance (G;), and intercellular CO, concentra-

tion (G;) under different tillage practices

AR 20 ARG P RE RN A R AR 3 AR (R I ) AL PR R 1 5% K 122 50 3%

Treatments are the same as those given in Table 2. Different lowercase letters within the same year and the same growth stage indicate sig-

nificant differences at the 5% level among treatments.

232 A HEEH(PAR)F LA K % (PARIN) i
B3l S SR ST (PAR) R AR 2 (PARIN)
£ 2023 4F 5 2024 AE b A — 5, £ 403 PAR 7E
AL TFRARIK, FEREAELE R R R (A 3-A),
4 MAbFE S R RS B PAR 475 T4 BAHE(CK).
5 CK Mk, 2023 47531 S, R, RS i PAR 434l i
FHE 6.8%. 7.5%. 9.1% (P < 0.05), BEAELE W
I 2240] RS 9 PAR %5 CK 435138 il 9.4%F01 11.4% (P <
0.05), R % CK 433300 5.5%F1 8.5% (P < 0.05);
2024 AR 2 RS A9 PAR % CK B &5
8.9%71 12.3% (P < 0.05), MAES545I R 1Y PAR B3
P 8.8% (P < 0.05),

PARin WA= & W17 fb 22 1% - 5 -l Ea 35, 2023 4 11
PARin %% 2024 48 Ay, HAE 3 MEF WM AZfL
RO (K 3-B), fEAFIARMIE 2, 5 CK ML,

2023 4£'S. R. RS ¥ PARin /391425 5.4%~7.5% .
4.1%~6.1% (P < 0.05). 7EEALLEE ] RS 1Y PARIn
B CK. S, RAMBEHANN 1.6%~4.5% (P < 0.05), S Fl R
i) PARin % CK 43 42 = 2.9%F1 2.8% (P < 0.05), S
5 R EZEFABEP > 0.05), 5 CK ML, 2024 4F
) S (1) PARIn i F 41 7 6.8% (P < 0.05), BAE 4k
] R A PARin i 425 5.8% (P < 0.05), %] RS
i) PARin . ZE 350 17.0% (P < 0.05).

2.3.3 st @EARIEE(LAD A+ 4 % 485542 (SPAD
{h) i &l 4 T2, A58 LAI A SPAD {H7E 2 4Eh
AR . LAD 2A8-m -, 3 TN
RS ) LAL R U B AOLH (B 4-A). 7E 2 4EN 3 4
AT, RS 9 LAI 8 CK. S. R 204w & Hhn
25.8%~58.7%. 7.3%~28.7%H 8.7%~17.1% (P <
0.05). SPAD fHFfiAE B IR L [ Tl #(&l 4-B).



1554 (7 552 %
A 1350 2023 2024 a
—f; 1200 -
E
E
2 1050} L
2 i
[=9}
900 -
—¥—RS
Il L | 1
Bud period Full bloom and Wadding period Bud period Full bloom and Wadding period
boll period boll period
B 100
2023 2024
a
a b
b . b a a
90 3 F
c ¢ °b
S c
1 b
& bc¥
£ c -
80 F
c
70 1 1 | |
Bud period Full bloom and Wadding period Bud period Full bloom and Wadding period

boll period

boll period

3 FEHHEREEXMRIEL S AR (PAR)FINBIIRE (PARIn) B F
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Treatments are the same as those given in Table 2. Different lowercase letters within the same year and the same growth stage indicate sig-

nificant differences at the 5% level among treatments.
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SPAD fHi# CK .S Fl R 4 I 12.3%.9.2%F1 9.5%
(P <0.05).
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Treatments are the same as those given in Table 2. Different lowercase letters within the same year and the same growth stage indicate sig-

nificant differences at the 5% level among treatments.
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Table 3 Effects of different tillage practices on cotton yield and yield components

e ok A A 7 NN
PN e TR %@4&& i%i 4 KAy ﬁﬁ?ﬁm
Boll density Boll weight Lint percentage Lint yield
Year Treatment 4, 2
(x10" hm 7) ) (%) (kg hm )
2023 CK 60.1 ¢ 43¢ 395a 1010d
S 629 ¢ 4.7b 404 a 1183 ¢
R 74.6 b 4.6b 40.8 a 1391 b
RS 843 a 49a 40.5a 1661 a
2024 CK 65.0 c 4.6 a 39.2¢ 1163 ¢
S 76.8 ab 4.7 a 37.9d 1353 be
R 74.3 be 4.7 a 40.7b 1424 b
RS 86.3a 4.7 a 425a 1720 a

ALBRIR SR 20 AR ARAR AN /NG FBERR R R AR BRTE 5%k 128 5 3% .

Treatments are the same as those given in Table 2. Different lowercase letters within the same year indicate significant differences at the 5% level.

RS FH L AR 21.3% (P <0.05), HY CK 25H7A
B, W RHBORE, 2023 A HR, RSB
IRGE RO BA AL AL CK AL FR 3 BB AN 24.1%F0
40.3%. 7.0%F1 14.0% (P < 0.05), 4 SAbBRE] A 43 TC
WFEERP>0.05), 2024 4E S, R, RS % CK Hm
FRAE R 45 58 80 (14.3%~32.8%, P < 0.05), S AbFHA
Iy A, B RS WE /D 10.8% (P < 0.05), 4 PAbFE
) LS HE TG i 2 2% 57 (P > 0.05).
25 FEidd)5xXE%HE. TYREDMA).,
REMBENAANHEEXER

g LB A AR AT 38 5 TRFA S TG ARtk
WEARGRS U e S e, TYRE. kA
RRBREMMH LR, L6 T RURMEE 5).
Mantel #5365 Pearson G Hr4E R B, Yield
5 T, (r=0.58, P<0.01), SPAD (»=0.51, P<0.01),

G, (r=10.49, P<0.01), PAR (= 0.33, P < 0.05), LAI
(r=0.34, P< 0.0 )R IEME; DMA 5 T, (r = 0.60,
P<0.01), G,(r=0.56,P<0.01), LAI (r=0.62, P<
0.01). SPAD (r = 0.53, P < 0.0 )AH XM RE; 5
NAA AAHXHDCE TR KEVNGE T (r =
0.57, P<0.01), G, (r=0.65, P<0.01), LAI (= 0.53,
P<0.01),SPAD (r=0.54, P < 0.01). PARin (» = 0.39,
P <0.05). C;5HAhFEFRAHCH:A B2 (P > 0.05),

WA, T.5 Gy (r=0.64, P < 0.05), LAI (= 0.78,
P <0.05), SPAD (r=0.76, P < 0.05)¥J 2 IEAHX, G,
5 PAR (r = 0.73, P < 0.01). PARin (r = 0.74, P <
0.01). LAI (r=0.76, P <0.01), SPAD (»=0.70, P <
0.0 )2 B FH IEAL, PAR 5 PARin (r = 0.78, P <
0.0 4% B F EME, LAl 5 PARin (» = 0.81, P <
0.01) & B FIEAMK.
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Fig. 5 Matrix heat map showing correlations between cotton photosynthetic traits and yield (Yield), dry matter accumulation
(DMA), and nitrogen accumulation (NAA) under different tillage practices
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LAI &m0t T FLHE 40, SPAD H/R 2R Z AT &, DMA £/t fE T &, NAA FREREH

KA F AR B

L R4y R R FE 0.05 F10.01

T, indicates transpiration rate, P, indicates net photosynthetic rate, C; indicates intercellular CO, concentration, G indicates stomatal con-
ductance, PAR indicates photosynthetically active radiation, PARin indicates light interception rate, LAI indicates leaf area index for cotton,
SPAD indicates relative chlorophyll content, DMA indicates dry matter content for cotton, and NAA indicates nitrogen accumulation for
cotton. * and ** indicate significant correlations at the 0.05 and 0.01 levels, respectively.
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32 KP#EHCHSRREHABESIEEE~
RS R0 H 5 R 0 5 R IR R AL A AR 6 e
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55 URAISHE It (o AR A v 0 B SR 3R (P S X I 15.9%,
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e, —H L P IR MR CO, HREE(C)
AR a5 Py, T & GoMIR, BAEBAEZEE B
FALT W HAHE(E 2-D), X ATRER th T 3 Eh s
o FRARSE T T AR A T O A RS PR, 40 ) 1k
CO, Wfie J1 EFt, gkiminl & C R,

AW 5 A A 5 2 RO & A R0 S5 (PAR) )
U EITE 858.62~1305.13 pmol m2 s 2 i), JGAgk %
(PARIn) TG FBI7E 75%~93%22 8] (8] 3-A, B), S5HiA
WFFTEE FARSF . bR it T (2 HEAR AL I R A K R
HE R 388 e ) AR RS R 4 A T (R RE LA B AR A6
PR A RN PO, R S O A 1R A A R A%
. AWFFEH PAR 427 7.1%~12.3%, PARin $5
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Abbreviations are the same as those given in Fig. 5. SOC: soil organic carbon content; TN: total nitrogen content.
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