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Abstract: [Objective] This study aimed to explore the effects of applying different amounts of wood vinegar in combination
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with sheep manure on the improvement of saline-alkali soil in the low plain of Hebei and the salt tolerance of winter wheat

from 2022t0 2024. [ Method] There were five treatments including conventional fertilization (CK), sheep manure at 27 t-hm-
2(TO), TO + wood vinegar at 270 kg-hm2 (T1), TO + wood vinegar at 540 kg-hm2 (T2), and TO + wood vinegar at 810 kg-hm-
2 (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 T0. At a soil depth of 20-40 cm, the content of available phosphorus
under T2 was significantly increased compared with CK. Compared with CK, T0, 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, TO, 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-2 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-hm2 while
the amount of wood vinegar should be in the range of 535.46-551.03 kg-hm2. This, could contribute to mitigating the negative
impacts of saline-alkali soils and enhance winter wheat productivity in this region.
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e CK, WHUMEAL: TO, 3% 27thm?2 T1, 3§ 27thm2+ ABGK 270kg-hm?; T2, 2£3& 27 thm?2+ KRS 540 kg-hm?; T3, 3% 27
t-hm2 + KEEK 810 kg-hm2, AR[EV/ING TR AR R SE4 % b BE ] 25 57 5.3 (P < 0.05). T[], Note: CK, conventional fertilization; TO, sheep
manure at 27 t-hm-2; T1, sheep manure at 27 t-hm + wood vinegar at 270 kg-hm2; T2, sheep manure at 27 t-hm + wood vinegar at 540 kg-hm-2; T3,
sheep manure at 27 t-hm + wood vinegar at 810 kg-hm. Different lowercase letters indicate significant differences (P < 0.05) among treatments in
the same year. The same below.
B 1 SF RO AR AL BT ERBRR AT IR A (2) FLESLBREE (b) HIFEMT
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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WA SRS CK R R FIZ . 1£ 2024 4F, 0~20 cm L2, EC RIA T2 % CK BFFEAK
T 13.16%: AMLG & RN ARRA IR CK B E: MEREERI N T2, T3
B CK. TO BEHER, W N 8.92%~15.14%, T1. T2, T3MEEEMESR; AMBSERIN T2
SR CK. TO R EAMS ERIN T2 B3 & T CK, £ 20~40 cm +)2, His ER
PN T2 5 CK. TO. T1 RFIRE, WIEN 12.36%~15.63%. PN EKZFZAHLE pH AZLEVN, [
i) 20~40 cm L2, RGBS ESN, HAbfEbR A G BE R R, R AER DA .
Al O, 0~20cm )2, 2EFEALHE BRI (T2) % CK (1) EC 3% MK, BN 7 3 & &,
H. 20~40 cm L E A B EER .
R 1 FHACEARBRACIE R ELTHRE IS AR H IR 1L S M BN 57 RS20
Table 1 The effects of sheep manure combined with wood vinegar on chemical properties and nutrients of soil in saline-alkali
barrier grain field

FA SE 0~20 cm 20~40 cm
Year  Treatment pH EC/(uS-cm™?) OM/(g-kg™) NN/(mg-kg?)  AP/(mg-kg?) AK/(mg-kg™) AP/(mg-kg?)
2023 CK 7.65+0.15a 892.67+44.24a 15.41+0.21a 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+0.67¢c 123.8745.75b 5.92+0.16ab
T1 7.62+0.04a 804+25.06b 15.45+0.12a 18.25+0.81b 18.07+0.75bc 125.3345.83b 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 20.8+0.61a 19.59+0.98ab 140.42+7.73ab 6.31+0.11ab

IE: EC, #1433, OM, HHL: NN, MEZE: AP, AR AK, HAER. FHIRFE/NG FEMRIH FER 5 A 2 57 B2 (P <
0.05). FHHIE NWEEFRUEZE. FIAl. 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.
2.3 ELIFPESHR A & N EIRER W TR (L RE I3 F SR AR B R A

E 2023 4F, ATVETERE S RIE S RESKIT I TOL T, T2 il T3 Ab¥EIH: CK W& Hem, Hrp T2
B, LAk, T2 8 TO. T1 WRER S (B 2a), nldE A BT, I TO-T3 &K CK &
HtE, WIES M 12.34%~24.90%. 13.42%~29.87%, AFEIABSHHEIEIERI Y T2 £ 70, T1 &
Eiem; MERIEW T2 8% CK BERE T 17.75% (& 2b). s R m & R AT TO~T3 73 A4
CK W41 1 10.74%. 11.65%. 20.86%7F 13.44%, T2 435l TO. T1 RE48m T 9.13%. 8.25%,
VES R JE T2 R CK RERE T 17.00%. 17.95% ([ 2¢). SOD & PE7ERESR &I # TO~T3
B CK WS A, AERESRAHERIFRICY T2 8 T0. T1 B&F#EsS (K 2d). M POD EVEER
T~ FROUE Bt o 3 2 o R IC R I RUAC B &35 v T CK, REERRAS R BT R Iy T2 82 TO. T1
WER S, HIE 8.40%~10.87%. 8.34%~13.30%; WEHKJEH] T2. T3 % CK RF R T 24.22%.
17.77% (&l 2e). W RS E T B 2RI A 5 A B AR B 5 SOD M soass (& 26). %
FEbR T2 A0 T3 ALHRIE) 22 3/, BIRIE SR /KF . 2024 MR A ST AL RE 1R B 3
55 2023 SEEAAL. HELAh, 2024 SEFESR PN HEAT DAB AT NBT Hethy, HE— AR AbBE R
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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
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PLEZERE, 5 CKAHLL, T2 #Em&/NEMAFLKE . SFLEE. [FLFE. [ELUEKAmAT
RORAR T HABALER . WT UL, “EZSPCHE 540 kg-hm2 ARESRIGER T 4 /N 5 AN SIS A e fie
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Fig. 4 Image of stomata in flag leaves of wheat under sheep manure combined with different amounts of wood vinegar
R 2 FEMEAB R L NEEM STV

Table 2 The effects of sheep manure combined with wood vinegar on stomata in flag leaves of winter wheat

AbER ALK LT TALITEE ALK AL
Treatment Stomatal length/pum Stomatal width/um  Stomatal open sizes/um Stomatal perimeter/um Stomatal area/pm?
CK 55.67+0.33b 26.6+0.15b 3.58+0.53b 133.2+0.8¢c 1162.3+13.3c
T0 56.74+0.92b 26.61+0.37b 4.05+0.31ab 135.2+1.5bc 1185.3+16.2¢c
T1 56.94+2.45h 27.25+0.56ab 4.21+0.19a 136.3+1.1bc 1217.4+30.3bc
T2 60.26+1.27a 28.07+0.78a 4.34+0.21a 143.4+2.0a 1327.7+28.5a
T3 58.15+2.69ab 28.07+0.16a 4.28+0.12a 139.3+5.2ab 1281.6+64.2ab

2.5 BREBRAZNESRERN R EXNFHEA A RN

2023 5, T2. T3 FFRIA & & A CK BE IR M 9.82%. 7.57%, T2 Sl A & &K CK Bk
1 13.73%, T HARAE I E A, B R ELEEER (B ba). 5 CKAHLL, Br TO. T1 BFF
R RFEAB A B R ELEEE R, MR SREE. B, RRENR CK BE R
(B 500, 2024 47, T2 #FhL, ZEMFIFGE A S 2008 CK BE 45 1 9.43%. 16.62%. 10.86%
(E 5b); T2 AFEFFRI% . 47 2 ENK CK. TO B E, T3 FFRE. B, M EHER CK
BERET 17.91%. 16.37%. 24.01%; CK. TO AbHIZEM4(. . F#f RS & T1 ZEM-REEF RAEEY
B T2 Ab3 R E PR CK ARBEBFE A B HF SR J TO Fse A R AR T2 BRI (B 5d).
PIANAEKTE, EREGARERACEE F&/NER. B SR EME (B, ZEHAFRFES BRER
BAD B8 CK 58t m, T2 MBI NA/NER. B Ha BRI 7o, T1 &R, 1M T2 1 T3
W TN ELRERSEE. BREULLRBEERB /N, RIEEEFEEKFE. DR REN,
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Fig. 5 The effects of sheep manure combined with wood vinegar on nutrient contents (a, b) and nutrient accumulation (c, d)
in various organs of winter wheat

2.6 ELTHRERGAR &)\ = B 3 Sl it AN B R A Ml R

£ 2023 A1 2024 4F, FEECR N FFERCHE AR BAL B8 CK B35 5, PIAETE] T2 B TO 7
R ER R T 5.66%. 7.89%, T2 T1 W&$Ew 1 5.06%. 5.39%, T2 fl T3 ML EEM 2R (K
3); KB A RERIEON TR 2 R BN, RIERZEVEACE; P ERIUY A A B AL H I H CK
SERE, T2H T BERE T 6.89%. 10.16%, T2 % T1 RE4EM 1 5.93%. 6.05%, T2 1 T3 A
TRFEER. LLEARENY, FIACH RN (T2) 32 B0 1 (A % AL i AR R s Bl 22
B2,
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F 3 FEMMEARGLE THBMERRALSNENT~2
Table 3 The yield of winter wheat in saline-alkali barrier grain fields treated with sheep manure combined with wood vinegar

F b ESN GNS TKW Y

Year  Treatment /(10%hm2) JCRL-FHL) g /(kg-hm2)

2023 CK 527.7+13.1c 34.6+1.1a 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 592.846.6a 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¢c
TO 599.7+16.9b 34.9+0.9a 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 7072+183a
T3 620.1+25.1ab 35.3+1.4a 36.29+1.48a 6 755+316ab

VE: ESN, RS GNS, BUR%; TKW, THE; Y, M.

thousand kernel weight; Y, Yield. The same below.
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FIF. Note: ESN, effective spike number; GNS, grain number per spike; TKW,
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E: WVA, REGEHE; BD, THEAE; TP, HIEEILRE; SP, WIVEIEEM; SS, WIFMENE; FAA, WFEEIER; SOD, BE it
fig; POD, MSEfWlE; 0y, WHRBIET A M. BRI 2EEERRE (P < 0.05), *Fpfdhr2MEE%R (P < 0.00). 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, pseudo-oxidase; 0, superoxide anion radical. * indicates a significant difference between the indicators (P < 0.05), **
indicates an extremely significant difference between the indicators (P < 0.01).

K6 HIERLMEIR (). A/NEHiEhEE I R (b)) SARERR &I 5K &

Fig. 6 The relationship between soil physical and chemical properties(a), winter wheat salt tolerance and yield (b) and the
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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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SALERIE 550 AT BRI R G AT 55, R, MR S AL BERE A S, T
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