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E 38 7= A= AE W B T S a8 4514, TRD ) i 751 Ak 2
BINF CKo T W5 1t BB WL R 48 52 40 7 i
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W, BS MU s R e, wAE S A UL B, 45
FRIFRIALH A RSOR AR — 3

(2) BET R Mo m, MmN . e
. IR SRR T, A AR A A
AWHE TR R . BT AL A AR BEAR AR AL
R¥yEFIERILEE, K, hF BS Huitiges sy
MR ED A K TR, Wm0, AR
Hehfo MR PQL, FE B MR T R if, BS
— 110 —

PR e, TR BERA I, A5 TR AR B
RORFEA—L

(3) MAIERIEYR s MR AL PR R LR &
JE, BS. TH Hujiti S (R 45 RE P AR T 5 kit i) A )
o, o BS RO e, AT LU 1 R E
FAF R X HE L5 B — it

S

(1] BREME, FELEF, EXERF, 5 TR R
LB S E IR E R (], FOHBAAR, 2020, 28(5):
1216-1225.

(2] X, T8, AT, 55 4 FhEAm g i x-S
ARETRIE R, [T ], RIS EREE, 2021, 35 (4):
173-179.

[3] Fabian A, Jiger K, Barnabas B. Developmental stage
dependency of the effect of drought stress on photosynthesis in
winter wheat ( Triticum aestivum L. ) varieties [ J ] . Acta
Agronomica Hungarica, 2013, 61 (1): 13-21.

(4] RtE, REZE KO IIEA X FOK AR AR SR
mi 3] ZEFFAR, 2006, 26 (4): 1138-1143.

[5]  ZRMS, JTHSR, B, SF BTEAR RN A PR
KR [J]. wlk2Ed, 2021, 30 (1): 189-196.

(6]  VEMR, BRERAH, /MW, 55 AEWACHEIL S SRR R A
JEXTRE IR I I BT g s2m [T ], fEIARA, 2021(3):
106-113.

(7] Z2, GPfdnr, XIGEEE, 25 TS0 R AR 2R £
KA T S AE FAR AR ()], fEMZRaR, 2021(6):
217-223.

[8]  sR/NI5, B/, XU, 4% PEG A R AL 15 4 i
PCERXNO B WA RE [J]. ok 2E 4, 2021, 30 (4): 160~
169.

(9] XU, JEATY, Bolwh, 45 ARG TS KHE BT 135
oy MRS REE Y 2R R [T ] ARSI,
2019, 38 (8): 2426-2432.

[10]  SCARBT. LR S mEsTs: (M), dbst: ol i bk,
1986: 274-339.

[11] 4RE. FEPEEAscgis s (M. duat: hER AL,
2000: 161-169.

[12]  sksefe, BM, £, 5. WCEWRR Y &
AR RIEREE TER S () ], AR, 2017, 37 (14):
4763-4769.

[13] RUF, T, BLE, & SRR
TERARBR IR E AL BT s ()], 3, 2019,
51(3): 477-487.

[14]  BRDAR, KEL, NED, 5 HEXEEEHRBN
W, R A RS PR RGN (1], R,
2021, 29 (4): 717-723.

[15]  #RivZE, Bk, JRMaE, S5 WARIEXT b /4
TR AN s [ ). A28, 2020, 40 (11):

S

(T




| T T

rhE SRR 2023 (8)

——

(T

3726-3737. in Plant Sciences, 2014, 33 (4). 331-349.

[16] PR, B3, W] AELE S0 TXHEEA BP0 T ) [23] &9, ke, KEFHF. RS AL SRR 1 s
R Y [J]. MR SAR, 2015, 51.(10): et (1], Pdbaa ¥y 54, 2013, 33 (10): 1933-
1573-1582. 1939.

[17] PE, T2k, W&, S KGR & Bl i bt [24] Z=77, SF9F, ZWEEE, 5. 3 AMERXGILIE MM A AL Y e
R [ ], Sk, 2021, 30 (5): 75-83. SENR sale ekt [0 ], PEAukEdie, 2016, 36(9):

(18] SRZAE. WP T KA — LR GO 15 Py (g 1 1743-1751.

WFE (D] KA PR, 2013. [25] #fh, XUSolE, StE, 58 TRPhEaxs 2 fosF bRk

[19]  ZR, Jitk, 205, 45 3 FhIERIINSS T 5 0a iy A 3 TR ROS B KYTAM KGR [J]. "R,
mang [J ). ENIEMES SR, 2020, 42 (4): 563-572. 2020, 28 (3): 684-693.

[20] Pinto N, Campos L. M, Evangelista A, et al. Antimicrobial [26] T, R, RLtE, & TR0 2 Fhb ity & 1 g
Annona muricata L. (soursop ) extract targets the cell membranes FRAgsEm [ 7], vl RReE, 2020, 48 (9): 1424-1430.
of gram—positive and gram-negative bacteria [ J |. Industrial [27] Khan A A, Rahmani A H, Aldebasi Y H, etal. Biochemical
Crops & Products, 2017, 107: 332-340. and pathological studies on peroxidases —an updated review [ J ].

[21] Anjum S A, Xie X Y, WANG L C, et al. Morphological, Journal of Global Health, 2014, 6 (5): 87-98.
physiological and biochemical responses of plants to drought stress [28 ] BXFRR, ZeWeT, sk, 45 4 D4R A R A TR
[J]. African Journal of Agriculture Research, 2011, 6 (9): Wra AR [J]. FolbRl:, 2020, 37 (4): 669-677.
2026-2032. [29] B, B4~ skbeHe, & FRPHOXTIFMFIE I

[22] Farooq M, Hussain M, Siddique K. Drought stress in wheat PR LR 7 B AR AR G B 52 [ ). R4 A PR2AR,

during flowering and grain—filling periods [J]. Critical Reviews

2018, 54 (12): 1865-1874.

Effects of microbial agents on soil microbial properties and physiological properties of medicago sativa L. under
drought stress
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Abstract: Drought stress conditions are an important challenge for ecological reclamation in mining areas. To reveal the

2 . Liaoning Jurun Construction Engineering

effects of microbial agents on soil properties and plant physiological characteristics in mining areas under drought stress
conditions, a drought stress study was carried out with Medicago sativa L. as the test plant and the soil of the Haizhou open pit
mine drainage site as the substrate, under the conditions of single application of Trichoderma harzianum ( TH ) and Bacillus
subtilis ( BS) and mixed application of both agents ( TH+BS ) to determine the soil microbial properties and plant stress
resistance in a pot experiment. The results of the study showed that the microbial biomass carbon and nitrogen content and
enzyme activities of soil microorganisms in the mining area decreased with increasing drought stress, while the application of
TH and BS generally improved the soil microbial properties. Based on the soil quality index (SQI ), BS single treatment was
the most effective on improving soil microbial properties under drought stress, with an increase of 37.85% in SQI compared
to CK, followed by TH single treatment, with an increase of 34.94%, and then followed by the mixture of TH + BS
treatment, with the lowest increase of 20.92% compared to CK. As drought stress increased, the proline, soluble sugar and
malondialdehyde contents of Medicago sativa L. continued to increase, and the antioxidant enzyme activities showed a trend
of increasing and then decreasing. The plant quality index ( PQI ) showed that the application of microbial bacterial agents
improved the plant stress resistance. The PQI of BS single treatment treatment was the smallest, TH single treatment was the
second largest and TH+BS mixture treatment was the largest, with a mean value of 34.31%, 9.56% and 6.75% lower than
that of CK, respectively. Therefore, both single and mixed applications of TH and BS could improve the microbial properties
of the mine soil and the resistance of Medicago sativa L. under drought stress conditions, with BS single treatment being the
most effective and could be used as a measure for reclamation of drought mine sites.

Key words: open pit mine drainage site; drought stress; microbial agents; soil microbial properties; plant stress resistance
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