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Abstract: [ Objective ] This study aimed to explore the effects of applying different amounts of wood vinegar in combination
with sheep manure on the improvement of saline-alkali soil in the low plain of Hebei and the salt tolerance of winter wheat from
2022 to 2024. [ Method ]JThere were five treatments including conventional fertilization (CK), sheep manure at 27 t-hm2 (T0), TO
+ wood vinegar at 270 kg-hm ™ (T1), TO + wood vinegar at 540 kg-hm™ (T2), and TO + wood vinegar at 810 kg-hm (T3). The
effects of the combined application of sheep manure with different amounts of wood vinegar on soil nutrients, salt tolerance
characteristics of winter wheat, nutrient absorption and utilization, and yield were analyzed. [ Result ] The results showed that at
soil depth of 0-20 cm, the soil bulk density and electrical conductivity value under T2 treatments were significantly reduced by an
average of 8.03% and 13.17% compared with CK (P < 0.05), while the total porosity, organic matter and available potassium
contents significantly increased. The nitrate nitrogen content and available phosphorus under T2 were significantly increased
compared with CK and TO. At a soil depth of 20-40 c¢m, the content of available phosphorus under T2 was significantly increased
compared with CK. Compared with CK, TO0, and T1, the content of soluble sugar and the activity of superoxide dismutase (SOD)
at each filling stage, the soluble protein content and the activity of peroxidase at the early and middle filling stages, and the free
amino acid content at the early filling stage in the flag leaf of T2 were significantly increased. Also, the content of superoxide
anions radicals showed an opposite trend to the SOD activity while the total accumulation of nitrogen, phosphorus, and potassium
under T2 in the aboveground part was significantly increased by 8.30% to 25.79% compared with CK, T0, and T1. The stomatal
characteristic parameters of the flag leaf under T2 were significantly increased compared with CK, among which the stomatal size
of the flag leaf under T2 was significantly increased by 21.23% compared with CK. Moreover, the yield of winter wheat under T2
treatment was significantly increased by 5.93% to 17.29% compared with CK, T0, and T1. Using mathematical modeling, it was
observed that the optimal dosage of wood vinegar liquid following a simulation for a two-year period was close to the application
amount of 540 kg-hm ™ of wood vinegar. [ Conclusion ] Based on these results, it was recommended that the optimal amount of
sheep manure to be applied should be 27 t-hm™ while the amount of wood vinegar should be in the range of 535.46-551.03
kg-hm ™. This could contribute to mitigating the negative impacts of saline-alkali soils and enhance winter wheat productivity in
this region.

Key words: Sheep manure; Wood vinegar; Saline soil nutrient; Salt tolerance; Winter wheat
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Fig. 1 The effects of sheep manure combined with wood vinegar on soil bulk density( a )and total porosity( b )in saline-alkali barrier grain field
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Table 1 The effects of sheep manure combined with wood vinegar on chemical properties and nutrients of soil in saline-alkali barrier grain field
SN 151 0~20 cm 20~40 cm
Year Treatment pH EC/ (uS:em’) OM/ (gkg') NN/ (mgkg')AP/ (mgkg') AK/ (mgkg') AP/ (mgkg')
2023 CK 7.65£0.15a  892.67+44.24a 15.4140.21a 17.25+0.88b  17.53+0.15¢ 113.77+£3.01c 5.68+0.67b
TO 7.65+£0.05a  839.67+38.73ab 15.44+0.21a 18.04+1.05b  17.67+0.67c 123.87+5.75b 5.92+0.16ab
T1 7.62+0.04a 804+25.06b 15.45+0.12a 18.25+0.81b  18.07+0.75bc  125.33£5.83b 5.93£0.21ab
T2 7.61£0.04a 775+52.72b 15.51+0.11a 20.84+0.26a  19.63+£0.42a 139+4.39a 6.47+0.28a
T3 7.6£0.04a 810.67+37.75b 15.49+0.1a 19.92+1.25a  18.73+0.58ab  132.07+3.42ab 6.17+0.19ab
2024 CK 7.63£0.05a  876.67+53.58a 15.54+0.24b 18.27+1.18b  18.26+0.56b 126+9.31b 5.97+0.32b
TO 7.64+0.04a 823+58.66ab 16.44+0.11a 19.1£0.88b  18.55+0.83b 131.17+7.86ab 6.06+0.28b
T1 7.6+0.11a 789.33+47.59ab 16.49+0.23a 19.79+0.78ab  18.75+0.98ab  135.68+8.48ab 6.15+0.1b
T2 7.58+0.04a  761.33+46.61b 16.57+0.18a 21.04+0.97a  20.41+£1.15a 144.9+8.28a 6.91+0.68a
T3 7.57£0.05a  796.33+33.86ab 16.5+£0.27a 20.840.61a  19.59+0.98ab  140.42+7.73ab 6.31£0.11ab

. EC, BSEE; OM, AHLF; NN, HAR; AP, A%WE; AK, S . FIIRE/NG 7RI E 44 4 A B8] 22 5
F (P<0.05), XPHIENYMHLbrMEZE . T, Note: EC, electrical conductivity; OM, organic matter; NN, nitrate nitrogen; AP,

available phosphorus; AK, available potassium. Different lowercase letters in the same column indicate significant differences ( P < 0.05 )

among treatments in the same year. Values are Mean + Standard deviation. The same below.
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Fig.2 The effects of sheep manure combined with wood vinegar on carbon and nitrogen metabolism and antioxidant capacity of winter wheat
leaves
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Fig. 3 Histochemical staining of diaminobenzidine ( DAB, a) and nitrotetrazolium blue chloride ( NBT, b) under each treatment
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Fig. 4 Image of stomata in flag leaves of wheat under sheep manure combined with different amounts of wood vinegar
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Table 2 The effects of sheep manure combined with wood vinegar on stomata in flag leaves of winter wheat

SALFFEE

Stomatal open sizes/um  Stomatal perimeter/um

ALK AALTAR

Stomatal area/pm?

i ALK SALSEEE
Treatment Stomatal length/um Stomatal width/um
CK 55.67+0.33b 26.6+0.15b
TO 56.74+0.92b 26.61+0.37b
Tl 56.94+2.45b 27.25+0.56ab
T2 60.26+1.27a 28.07+0.78a
T3 58.15+2.69ab 28.07+0.16a

3.58+0.53b 133.240.8¢ 1 162.3£13.3¢
4.05+0.31ab 135.2+1.5bc 1 185.3£16.2¢
4.21+0.19a 136.3+1.1bc 1217.4£30.3bc
4.34+0.21a 143.4+2.0a 1327.7£28.5a
4.28+0.12a 139.3+5.2ab 1 281.6+64.2ab

25 HEHEFRALSNEEREFRTIEXNFE

[ N 1 )

2023 4, T2, T3 FPRIA S &8 CK % 42
9 9.82%. 7.57%, T2 e A &4 CK WS T
13.73%, WiHABGIES I E A . B, FERILEE
225 (Bl 5a), 5 CKAHEL, B TO. T1 MFFRIH 5
BEMFseR . B, fRBELEE2Z I, Hib
SBEAC AR B AL W L B SRR AL CK e (1 Sc ).
2024 4F, T2 Fphi, ZERFFIESEH A S =5 CK
MFEERET 9.43%. 16.62%. 10.86% (& 5b); T2
SbBFFRLA . . PR RFUE IR CKL TO W45,
T3 AP A B 0 R CK BB S T 17.91%.
16.37%. 24.01%; CK. TO AbFHZEM-% . #. M1 2
R R T1 25 B SRR 24 T2 Ab 2 5 25 R AR
CK AhBRFE 722 . W . 4 RBE K To Fleam RElE
Pokg T2 WERRAR (K 5d). AR S, FEAE
RESAL T /MR B #1E REE (Fi5C .

ZENFIRFRL SR 4> BB I ) B3¢ CK W3R 5,
T2 WPEFA/NER . B, FE BB EHE To, TI
R R, T T2 T3 AR &/ NE R BYE A&
. BB KRS RBEEFRN, KiEREMK
o DL ESEIRER, RIS RSB REHE B A/
X E SR A SRR R e Sy, Ho 2 28 e
HARBSR (T2) R IH A AL
2.6 HEEFIREALSNMNEFEXNFERBEALR R

BT Al Jiz

TE 2023 £ 2024 4F, FEECRINFEEROEA
VR AL R CK S EHEfm, PIAR] T2 4% TO 4341
BERET 5.66%. 7.89%, T2 % T1 BERE T
5.06%. 5.39%, T2 Al T3 [B]¥ W EME2ER (£ 3);
45 ALk H ) R BORN TR TR 25 S /N, R A e PR
oy PR R R A A BRI AE CK B
e, T2 TO BERM T 6.89%. 10.16%, T2 i
Tl BERET 5.93%. 6.05%, T2 Fl T3 6] JC @
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TE: AFR/NG TR E A A F5 3 & s R R R4 A ) 22 53 B3 (P <0.05). AFKE A4 b BRI K 7 23 5 R

i (FT,

ZEMFUFPRLTE 4> B A ) 225 83 (P <0.05). Note: Different lowercase letters indicate significant differences ( P <

0.05) in nutrient content or accumulation at the same part among treatments. Different capital letters indicate significant differences ( P <

0.05) in the total nutrient accumulation ( sum of nutrient accumulation in husk, stem leaf, and grain ) among treatments.
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FHEIEARR LML A E IR &R (a0 b) FIFRFRBE (c. d) KN

Fig. 5 The effects of sheep manure combined with wood vinegar on nutrient contents ( a, b ) and nutrient accumulation ( ¢, d ) in various organs

of winter wheat

Z5t. VL RZERE, FREREGE D RAR (T2)
B 2 1 [ VR LA T RO BN B
27 ABEHRAES5TEEAMER. £NEHRER

R =ERHEXHE

ARBE e 5 E B SLIE . R R B
TR R EIEAC, 5 E R T A,
5 pH 2B ERAL (K 6a); AREE RS0 A
EEH RSN PFIEMG, 5 SOD, POD 2 ¥ 1F
O, SRR E T A b3 20 2 3 A (& 6b ).
IR TR, R A it AT

I O e R R A A AR L O
Z/NF SOD. POD ik, FFimikEALE A2+ A H
TR AR R BEINA /N TR B SR AL T W A
28 FEMREABENRERE

FEE I SEFESER I, S T 25 B R O A TV
M, PR —C ROy BRI TR, /N
BEABER I, RIS TG Rk, #
MERFEH—E (F 7). ERNERS, 23800
BiJit 535.46.551.03 kg-hm 2 ARBER N , /N P~ i
BADIZE SR 1 S0 540 kg-hm 2 AR BERIEIT .
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Table 3 The yield of winter wheat in saline-alkali barrier grain fields treated with sheep manure combined with wood vinegar

AEfy Ak 3R ESN/ GNS/ TKW/ Y/

Year  Treatment (10*hm™) (hrFE) g (kg-hm?)

2023 CK 527.7+13.1¢c 34.6x1.1a 38.08+0.25a 5904+41c
TO 561+18.0b 34.9+1.0a 38.16+0.08a 6 345+102b
T1 564.2+15.4b 34.9+0.5a 38.24+0.9a 6 402+63b
T2 592.8+6.6a 35.1+0.6a 38.32+0.33a 6 782+140a
T3 568.7+18.1ab 35+0.8a 38.28+1.29a 6 482+342ab

2024 CK 565.3+7.3¢c 34.8+0.3a 36.05+0.21a 6 030+89¢
TO 599.7+16.9b 34.940.9a 36.1+0.38a 6 420+93b
T1 614.4+14.1b 35.3+0.4a 36.22+0.52a 6 669+152b
T2 647.5+16.4a 35.440.1a 36.33£0.1a 7 072+183a
T3 620.1+25.1ab 35.3+1.4a 36.29+1.48a 6 755+316ab

. ESN, A% GNS, BRi%; TKW, TR HE; Y, r“i&., FIA. Note: ESN, effective spike number; GNS, grain number
per spike; TKW, thousand kernel weight; Y, Yield. The same below.

a) WVA b)) WVA
INEEL: WVA | **
A% BD SP

0.8 0.8
> @@ v 0@ -
5 ss|0 @@
"9Q®
pH -0.4  FAA . SOD - 0.4

. o ’ EC 02 soo @@ @ . POD -0.2
EC| @ ..OM o @O0 0@ o H0
oM . NN F-02 0 .‘. [ .'. ESN --0.2
0000 - @, - 000°00°00. §o

_06 ONS o . TKW 06
AP“. .‘AK TKW CY ) .Y
90000 - QO00ON  e00 0000 o0l

*P < 0.05 ** P < 0.01 *P <005 ** P < 0.01

3

HE: WVA, KESEAE; BD, L4 TP, HHEUSLBIEE; SP, WM& M SS, WHMEH; FAA, lFE&4EM; SOD,
ALY B LG POD, WEMWRE: O, , MANEFHmMME, *RRIEREZEERER (P < 0.05), **RRIInA SR R E2
S (P < 0.01), Note: WVA, amount of wood vinegar; BD, soil bulk density; TP, total soil porosity; SP, soluble protein; SS, soluble
sugar; FAA, free amino acid; SOD, superoxide dismutase; POD, peroxidase; O, ,superoxide anion radical. * indicates a significant difference

between the indicators (P < 0.05), ** indicates an extremely significant difference between the indicators (P < 0.01) .

Ko L3Rtk (a), Z/NEPUERREN K™ i (b) SRR B9 &

Fig. 6 The relationship between soil physical and chemical properties (a), winter wheat salt tolerance and yield (b ) and the amount of wood

vinegar
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Fig. 7 Relationship between application rate of wood vinegar and yield of winter wheat
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SNATE XN 3 S - 7N = N |
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