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Abstract: Biochar is widely recognized for its ability to improve the properties and microstructure of saline-alkaline
soils, thereby promoting plant growth. This study investigated biochar mitigating effects on Bromus inermis
seedlings under saline-alkaline stress, and was conducted using B. inermis cultivar ‘Xinque No. 3’ in sulfate-type
saline soil in Xinjiang, with five biochar application rates [0, 30, 50, 70, and 90 t-ha™'; control (T,), T,—T,,
respectively]. The changes in seedling growth indicators, photosynthetic characteristics, physiological responses,
and expression levels of salt-alkaline tolerance-related genes were analyzed. It was found that the optimal mitigating
effect was achieved with 70 t-ha ' biochar (T;) : compared with the control. In T,, compared to the control, plant

height, total biomass, root total length, and root surface area were increased (P<C0.05) by 41.85%, 34.38%,
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46.94%, and 63.98%, respectively. Net photosynthetic rate and chlorophyll (a-+b) content were increased by
32.06% and 118.44%, respectively, with stable leaf anatomical structure, increased stomatal density, and intact
vascular bundle development. The accumulation of hydrogen peroxide and malondialdehyde was decreased
significantly, accompanied by a synchronous reduction in antioxidant enzyme activity. At the molecular level, the
expression levels of salt-alkaline tolerance-related genes such as BiBHLH, BiAP2/ERF, BiLRR, and BiABCCI
were significantly downregulated. In conclusion, in this experiment the application of 70 t-ha ' of biochar effectively
alleviated the inhibitory effect of saline-alkaline stress on the growth of B. inermis seedlings, enhanced their growth
performance and adaptability in saline-alkaline environments. This experiment provides research data to support the
ecological utilization of B. inermis in localities with saline-alkaline soil.
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Table 1 Tested primer sequences

519 % FR Primers name 1E 1 51997 81 Forward primer sequence (5'—3") JZ 15519 ¥ 51 Reverse primer sequence (5'—3")
BiActin GCCGTGCTTTCCCTCTATG GCTTCTCCTTGATGTCCCTTA
BiSUS GGCTCCAGGCAATCTCTGTT GACTTTGAGCCATTCACCGC
BiIMYB39 GTACGGCTTGTTCCCACAGT CCCTTTCTCGCTGACTATGC
BiSAUR GCCACCGTACTGCTTGGATA CAGGAGGAGTTCGGGTTCAC
BiBHLH CCTCTGCTCTCGACCCTCTA AGCGTCTGTTTCGGTGTCTC
BiAP2/ERF CATCATCTACGACCACGTCCC TACTGGTTCTTCCGCCCCC
BiLLRR TCCCGATTCACTTACCAACTGT ACGAGAAATCTAATATGCCCAGC
BiDHN4 GGACTGCGTCATCTACAC TAATACAGACAGGGTTCG
BiCYP73 ACGGCGTGTACTTCAAGGAG CTGCAGGATTTCCTGACCTC
BiABCC1 GCCCATGCCTAACCCGA CGCCATCGGTTTGTCGGA

1.5 #EaLm
i 1 Excel 2010 #4754 5011, SPSS 26. 0 #4347 B 2 5 2243 M1 o M Origin 2024 #0F 2 i 48 11 & 2 .
i 11 Adobe Photoshop 2020 %K {4 % el 5 i 17 HE b Ab #
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57.14% .83.33% .34.38% , T Ak Bl A T, 3 il fnk 3 W AIK 24. 24 % .22, 73% . 21. 82% 3 T AL BR#E T M K FIAR 2 1
FUR G 46. 94 % .63. 98% , T A AL T, B Z 1 I 45. 4894 .56. 4520 (K 2) .
2.2 A R AR EE Z TR RIS M G a

3 36 TG T A A 4y B R R U0 R A Y S R B (R 2) A T AR I R 3 R 40 i HE R B, K

Tn T\ T: Ts T4

E1 TEEZFNEPRBEE
Fig.1 The phenotypic characteristics of B. inermis seedlings
[ v b 2y A R AR W R TS A Ty: 0 t-hm %3 T, 30 t+hm ™ %3 T,: 50 t+hm ™ *; T,: 70 t-hm *; T,: 90 t-hm *, F [d] . The letters in the figure

respectively represent the addition amounts of biochar: Ty: O t+ha ' T,: 30 t-ha™'; Ty: 50 t+ha '; T,: 70 t-ha™'; T,: 90 t+ha ', the same below.
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Table 2 The influence of adding biochar on the growth indicators of B. inermis seedlings under saline-alkali stress
b ¥ 35 RS 5 -7 AR Ho b
Treatment Plant height Length of leafl Leaf width Leaf area Above-ground biomass
(em) (mm) (mm) (mm?*) (g ¥k
T, 18.16=+0.90d 101. 7342. 27d 4.56+0.42¢ 472.174220. 31c 0.21+0.03c
T, 22.12+3.97c 163.2945. 53¢ 6.12+0.60b 706.09+208. 13bc 0.25=£0. 03bc
T, 22.8040. 76¢ 180.4546. 93b 6.7340. 22ab 832.24+103. 94ab 0.2840. 04ab
T, 25.7644.05a 181.1343. 85b 7.53+1.23a 882.49+122. 17ab 0.33£0.05a
T, 24.42+1.69b 191.6242.99a 7.09+0. 81ab 1029. 51+81. 56a 0.25+0. 03bc
b # N A PSRAEEY/R s REK R 1 TR
Treatment Below-ground biomass Total biomass Root total length Root surface area
(g-bk) (g-# " (cm) (cm?)
T, 0.12+0.01d 0.324+0.03d 41.01+1.29b 3.72+0.61c
T, 0.15%+0.01c 0.39+0. 04c 43.48+5. 36b 4.0441. 32¢
T, 0.1940.01b 0.46=+0.05b 45.8245. 06b 4.5540. 60bc
T, 0.2240.01a 0.55£0.04a 60.26+3. 10a 6.10+£1.08a
T, 0.1740.02b 0.43=+0.03bc 59.66+2.27a 5.82+0. 29ab

T ATE/NG 7R 7R 44 A KA PR 1 A [ b B 2 ] 2 55 Wk 25 (P<<0. 05) ¢

Note: Different lowercase letters indicate significant differences in various growth indicators among different treatments (P<C0.05).

2 ARMEYRNEFEME T LEEEZH B EHEN 2N

Fig. 2 The influence of adding biochar on the anatomical structure of B. inermis under saline-alkali stress

ue: [+ J% Upper epidermis;le: T 3 & Lower epidermis; mc: I A 4fl ffl Mesophyll cell; bs: £ 45 3 #5 Bundle sheath; xy: A Jii # Xylem; ph: ) J% &
Phloem;ge: f# T4 Guard cell;sc: & T4 subsidiary cell.
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Fig. 3 The influence of adding biochar on the photosynthesis of B. inermis under saline-alkali stress
AR /NG B 3R OR 45 AR KPR bR AR OR W) A B 2 A) 25 55 & 3 (P<<0.05) . T Il . Different lowercase letters indicate significant differences in various

growth indicators among different treatments (P<0.05). The same below.
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Fig. 5 The influence of adding biochar on the physiological indicators of B. inermis under saline-alkali stress
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Fig. 6 The effect of adding biochar on the expression levels of genes in B. inermis responding to saline-alkali stress
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