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Growth Pattern of Nitrogen—fixing Anabaena azotica and lts Effect on Seed-

ling Maize Growth and Soil Nutrients
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(College of Resources and Environment, Jilin Agricultural University, Changchun 130118, China)

Abstract: Developing green and efficient microbial fertilizers is crucial for addressing the contradiction between ni-
trogen demand in maize growth and environmental pollution from nitrogen fertilizer application, thereby promoting
crop growth and green agriculture. A single—factor pot experiment with fertilizer was carried out using Yuhe9 maize
as the test material. The results showed that when 50% algal fertilizer replaced urea (T, treatment), the above—
ground dry weight of maize increased by 125% compared with that of the control, which was not significantly differ-
ent from that of the full urea treatment, and it could replace 50% urea to achieve equivalent nitrogen supply. Ana-
baena azotica can increase soil inorganic nitrogen, total nitrogen content and nitrogen accumulation, improve soil
pH, improve soil structure and organic matter content, with the highest alkaline dissolved nitrogen content in T,
treatment, and soil organic matter content in T, treatment (full algal fertilizer) was elevated to 71.65 g/kg, which was
39.56% higher than the control. Algal fertilizer also significantly increased soil urease, catalase and nitrate reduc-
tase activities. Therefore, nitrogen—fixing Anabaena azotica algal fertilizer has significant potential in promoting
maize growth and improving soil fertility, and is an effective microbial fertilizer.
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Table 1 The basic physical and chemical characteristics of soils

- FHLF /g k! g k! /g 1! il /g k! A5 %0 /mg - k! A /mg - k!
P Organic matter Total N Total P Total K Available P Available K
8.82 18.20 1.32 0.49 18.30 13.20 104
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Table 2 Experimental design

i e g 7

b3 Amount of fertilizer applied
Treatment B HTE(N) B (P,0,) T (K,0) LI
Nitrogen fertilizer use Amount of phosphate fertilizer Potassium fertilizer usage Algal fertilizer dosage
CK 0 12.53 2.08 0
T, 3.54 12.53 2.08 0
T, 0 12.53 2.08 26.40
T, 1.77 12.53 2.08 12.90
T, 1.77 12.53 2.08 3.03
T 1.77 12.53 2.08 1.40
25 R R .
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Fig. 1 Morphological observation of Anabaena azotica
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Fig. 2 Growth curves of Anabaena azotica
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Table 3 Effect of different treatments on above—ground growth of maize at the seedling stage

b3 it Kefem 1t 5 fom e e Bifi/em oD
Treatment Leaf length Leaf width Leaf area Stem diameter Plant height
CK 32.57+2.5h 1.57+0.06¢ 51.11+5.60c¢ 7.31+0.05d 58.27+5.14b 16.44+1.21b
T, 40.10+0.85a 2.23+0.12ab 89.56+5.20a 11.25+0.19a 69.57+3.88a 31.33+3.06a
T, 40.40+1.71a 1.97+0.21b 79.61+11.08ab 10.54+0.45b¢ 66.00+2.00a 28.93+2.38a
T, 34.83+3.64b 2.37+0.15a 82.69+13.02ab 10.90£0.45abc 71.43+1.01a 31.31+2.63a
T, 34.00+2.65b 2.17+0.15ab 73.43+3.11b 10.96+0.59ab 69.50+2.00a 31.03+2.60a
T 36.47+1.85ab 1.97+0.06b 71.65+1.48b 10.33+0.28¢ 66.37+5.19a 30.90+1.99a

TE A /NG T B2 7R .35 22 53 (P<0.05) , BEAT 5 B} BOMA [] 7 B 2 75 T8 18 35 22 53:(P>0.05), T [l o

Note: Different lowercase letters indicate significant difference (P<0.05); no letter or same letters mean no significant difference (P>0.05), the

same below.
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Note: Different lowercase letters indicate significant difference (P<0.05), the same below.
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Fig. 3 Dry matter accumulation of maize at the seedling stage under different treatments
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Fig. 4 Root—shoot ratio of maize at seedling stage under different treatments
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Table 4 Nitrogen content and nitrogen use efficiency of seedling maize plants under different treatments

A%
o % 1
I Nitrogen content TR P
Treatment - - Whole plant nitrogen accumulation
Hb 35 Stem Hb R Root

CK 1.62+0.21c 1.29+0.11d 3.58+0.22d
T, 2.72+0.33a 2.18+0.21a 12.41+0.78a
T, 2.41+0.24ab 1.74+0.15¢ 8.69+0.90c

T, 2.70+0.20a 2.20+0.12a 11.78+1.48ab
T, 2.43+0.34ab 2.08+0.09ab 10.61+0.44b

T 2.23+0.27b 1.84+0.04bc 8.38+0.91¢

o
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Table 5 Soil pH, total nitrogen, alkaline dissolved nitrogen and organic matter content under different treatments

i A /mg - kg™

Alkaline nitrogen decomposition

AP kg™

Organic matter

b 2 5Ug ke

Treatment pH Total nitrogen
CK 7.88+0.06¢ 0.90+0.020d
T, 7.78+0.03d 1.02+0.01bc
T, 8.07+0.03a 1.02+0.02bc
T, 7.95+0.02b 1.06+0.03ab
T, 7.93+0.02bc 1.10£0.08a
T 7.89+0.05¢ 0.98+0.04¢

31.10+0.65¢ 51.34+1.55e
33.54+0.21b 54.36+0.22d
34.42+0.69b 71.65+2.05a
38.62+0.92a 69.95+1.02a
33.23+0.99b 66.20+0.90b
31.32+0.60¢ 62.08+0.99¢

A0 PR A 4 pH P 42 5, pH M = B Y S
T>T>T>T>CK>T, , 3X 36 B 3 AL A Bl T 22 fift + 1%
1k .

5 CK AL FRAR LY, 4 198 4 /AR A [ it B A T
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TAHMUT S R A [H]it IE b # 2 8] g, T, Ab #E
WA HLR & B s, N 71.65 glkg, Fb X A 2 8
39.56%, B T T, T, T, T, AL H5 T, kb B G
WS AR E S T A, AL
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Ak R A A LT E S s T T, A HE A CK

b FR X 2 P it A AT DL R A AL
i
242 BRFEESERGHIELMAASZHH R
H 2 6 mT 0, Fr A it AR Ak B A A+ 0 A S R
(NH,/-N) % &2 W % & T CK, T, 4 # i =, 15 5
12.05 mg/kg, 34 W A 1.94% . A [ Jiti AE Ab BE 27 ]
T, T, 1 T, 4b B () NH4-N & & ¥ 5 F T, 4 5l 3
J19.01% .6.82% .6.05% , 4 Tc b 3Pk 22 5, i B it
FHBENE 55 10N e 46 5 38 e 28 10 & 1 1 DU AH
I o NS g b P A 48 S A (NO,-N) % &= 7]
B, T A PR AY £ HE NO-N A ik F1] 70.09 mg/kg,
T A AL B T, T, BT AL B R s
F] 43.07 . 30.49 . 34.08 mg/kg, =5 T CK FI T, &b B
vl Y it 1 A IE BE A S0HR T 3 b 1 NO-N 7K
FTFEDEARKSBEPRARZMRE ., HIETHILA
(Nmin) >}y + 3 NH4"-N 5 NO, =N Z fil . A [A] Jiti At
b B A 4K 1Y Nmin 7 528 {047 0 5 HHENO, -
N & it AR A AR, X E 222 L NO,-N
BB Y R T B
25 EBERGBEENHEHEXTEHBIENZIE
AN TR Ak B K P 3 A B 0K 0 1 19 72 Ak
H TSTSTSTST,>CK(E 5A), o T, T, . T, . T, &b
M5 CK A L4 i i 2 B 29.21% . 30.71% .
25.66% ,22.28% ,{H T, 5 CK Ab BLAH 22 K K, £ H
2 it FH B AE (T, Ah 388 ) XoF 48 - 4 B8 R g 7% P 14 4 1
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Table 6 Soil ammonium nitrogen, nitrate nitrogen and inorganic nitrogen contents under different treatments
Qb2 B A /mg kg™ HA A /mg kg™ THLA
Treatment Ammonium nitrogen Nitrate nitrogen Inorganic nitrogen

CK 4.10+0.39¢ 14.87+3.66d 18.97+3.46d
T, 7.77+0.58b 70.09+17.82a 77.85+18.40a
T, 12.05+1.74a 19.97+3.45¢d 32.02+2.00cd
T, 8.47+0.97b 43.07+4.42b 51.54+5.13b
T, 8.30+0.94b 30.49+8.05bed 38.79+8.59b¢
T 8.24+0.20b 34.08+3.75bce 42.32+3.80bc

5
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Note: Soil urease, catalase, and nitrate reductase activities are expressed as soil NH,-N content, 0.1N KMnO, consumption, and S—=NR activity, respec-

tively.
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Fig. 5 Soil urease, catalase and nitrate reductase activities under different treatments



3 2 B A ¢ [ At A AR B S o M) T oK A A R A3 S R 69

3 9 #®

31 AEEMRERERERSEHEXRERTE
MEERE=E
RENMUEHPAERKEFTHLHFERITE,

MmMHFREAEESRT TERITRERPEEMN . &

FEXEW R A 7 I B P R A AL

R A2 R BT 5 T R ) R T2 e,

fe] 20 e A g T 3 ek S M AT T VR L AT SR

TEWPEE R R . AW &M . F A B ] B

PR E KRG T8, A A b B T b 3

T EETIRL, ST B LR EM2ER,

BB W] AR A IR B R R AR K, X 5

FLAEAE SEYHE T 45 R — 8, KB A FTREIE &

AN il S84k B AR e EE W 3 v T AL L AR A E

FEH, T, Ak B AR AR AR 5 EL SR A, T CK A AR 7 L

e, X TR S E AR DML T, YT 4%

TR 0 RO A R AR BG4 R R it

i JPE 95 BE % (0 25 HE T T OR AR AR R 2RI

e i, D CERNARE R G, LHAES

50% bR BE A H G 00T, EoR R A A K B

TR 52 IH 134.08%~229.05% 1 34 1, Hiv T, 4b 3

BRI . X85 R T4 R E il FH i ik

FR(T,) , R MRS — e R L RIRURE,

AAEEAFZIRAEED WK, X451

RENUKA 8¢ i 58 AHBL, A7 & Bt FH 5 fk 3

(14 E 77 HE R 8 3 4 8 /N 22 AR L ZF R A R Y

32 BEEMRZERERSLIERS
T EM A K B XREZE, AEW AR

WOATFHN P KET YR EFRITER. KRR

B, 5 CKACEAR H, T, b BE A 4 AR R A L

A3 BT 19.90% . 10.68% . 39.56% , H: 5 A 1]

AE 2 e I A £ 35, 7E 1 1 3k P A Ak W 2

B, RE A% 1+ M DR 25 F R , HE — 25 ol

T HESE A B R A ML E R, R, AR

T, b B A A R T e, X HE— 20 U B A R

PEAE S — P e, LA R A A AR

71, REE 7E A Kb B ol KA i B AR

T AT A B B A, N3 i £ A R &

L P R O, X 5 xRS T 5 45 R A

Lo AT I8 K B A P R AL 5 Ak RE B it i /) R

P27 4 pH, 7] CK AH LE , T, Ak BEAY + 38 pH {E $2

11 0.024 1A FRA 3k 1] BB 5 A e A A A o™

A B BRPE A A G A AR T R R pH A,

M 8028 i L3RR AL i ] B, P, 285
A SR A R R AR AL & B, i FH 50% JR E +50% ¥
B8 T A A 3 i R AE Ty, G2 R L
AUt DR A 1) it FH R 22 38 B A 1 pH e 1K R] R
NOSHEEN 45138 1+ #8 7% A [A] 15 A= 0 I8 RE A HL
il A B - AR W R kE 5 AR RE I i HE R — WS 4k
HE G BE O 3 AL MR, X 5 A BE 5T 4G
SAHAF
33 GERMREMEIRES LIEMRFENE

A WFoE 3R B, 0 FH oA P Rk T 4t + 48
it 05 M A HE R A AR R AT v, AR R R
JIEL S5 R A, R A R A 5 R S L R i
JE B I PR R R T R — R R E . SRR
it A 2% R, b S R Bl M R B TST ST ST
T,>CK &b B, T, &b # 15 + 58 IR il 3% 4 4K 1 H Ath it
JEL Ak B 3 2 PR oy SH A Ak L P v A A T s it T
PRZE N WRBGHR AL S NS , AT 38 g 39 b Ik it 0
PEo I S S T R TST ST ST ST
CK AL FH , Horp T, 40 P 4G T, b B B 427, X 2 A
Rk AR S AR AE T AR W IR AR W o
WA it P EE IR T - A AL A, B
T A s MRV, SRR T T A A A
TEPED, RS R A SRl 16 1 R R T ST ST >T,>
T>CK Ab 3, A 5% v 358 18 35 43 8 A A0 AE Ak 2 4
T SR R R I . R BB AES
25 R 5 A5 — 20, il MUE W IR R R T 4R e
P8 R A SRR TR M v D B AR B SR B S T
X IR o A S A R A D TR
PRI B0y T, Ak 3 e ey, 3K 150 B £ 2 958 TT 1 B DR
R L E R P S R B AR ER . fa
iR 8 A Ak LA [ 2 D RE 4 [ B A S — il L AE
B EAFEE WAV AEFRITE , X555
DA 32F 498 1 il 2B 0 2y, 0 T 4 e 0 A G
it 3% P

4%

I 220 £ 958 AR A i i 6 0K 4 i 2R R O
Feor ey R AT S E A . i T AR BE B £
e 5 IR R BCE , AL T /R A BB,
W AR PR TE T Y A W A S R ORI
IV TR B A i o e S Bl 2 0 A R 2 R A 2
F G- 75 T R o DR, R R AR
— Bl A A n] R SRV A U IR R A
LA A b R EAR AL, 9 A A R
SR B AR LT A DR T 5



70 A AL & e B 504
%= HE L2441, 2024, 30(2) : 394-405.
S % 3k ZHANG W L, WAN Y X, XU W H, et al. Study on the combi-
(1] XVHF . LR W T = 00 B B B 5 D] nation of growth—promoting strains to improve the gene abun-

[2]

[3]

[5]

[6]

[9]

[10]

Rl FF K 5445 ,2021(10) : 101-102.

LIU Y X, JIANG C L, ZHANG X Y. Present situation and coun-
termeasures of nitrogen fertilizer application in ChinalJ]. Agri-
cultural Development and Equipment, 2021(10): 101-102. (in
Chinese)

e 2, A DR . A T G0 M0 it JH AR L Il A8 0 5t 4[]
FYE R 5N, 2014,20(4) : 783-795.

JU X T, GU B J.Present situation, problems and trends of nitro-
gen fertilizer application in farmland in China[J]. Journal of
Plant Nutrition and Fertilizers, 2014, 20(4): 783-795. (in Chi-
nese)

22 AT, I, A O B O -2 AR R AE R S
7 A R ORI T A2 0], b A ARl 24, 2019, 27
(11):1682-1694.

LI LT, REN L, YIN H L, et al. The influence of nitrogen appli-
cation patterns on the yield and nitrogen uptake and utilization
of the maize—wheat rotation system[J]. Chinese Journal of Eco-

logical Agriculture, 2019, 27(11): 1682—1694. (in Chinese)

AR, BRGEAS, BRRI S, AR ARl A P i IR it B
PR B A 85 w5 B T oY B JR (D). A HE G 4, 2006, 37 (4) -
782-786.

SUN Z M, WU Z J, CHEN L J, et al. Present situation of nitro-
gen fertilizer application in agricultural production and its envi-
ronmental effect research progress[J]. Soil Bulletin, 2006, 37(4):
782-786. (in Chinese)
R MR R, S RO AR T i R R AL
FHDL A ARk R 242412, 2014,33(2) 1 139-144.
CHANG F Y, PAN X J, SHEN Y W, et al. Resource utilization
of algae in agricultural production[J]. Journal of Huazhong Agri-
cultural University, 2014, 33(2): 139-144. (in Chinese)
ATZORI G, NISSIM W G, RODOLFI L, et al. Algae and Bio-
guano as promising source of organic fertilizers[J]. Journal of Ap-
plied Phycology, 2020, 32(6): 3971-3981.
XUWUTS , BT 1Ak, A5 it B X B I AR K B -
2] LD PR B2, 2016,44(9) £ 1312-1315, 1319,
LIU S F, LYU J P, FENG ], et al. Effects of applying microal-
gae on cucumber growth and soil quality[J]. Shanxi Agricultural
Sciences, 2016, 44(9): 1312—1315, 1319. (in Chinese)
FLAEAE sl b0, R R A, A R AR B AE /N 2 R0V £ A
LY AR TR AR B2, 2016, 44 (10) : 499-502.
KONG D Z, ZHANG S F, ZHOU Y S, et al. Fertilizer efficiency
of nitrogen—fixing ANABAENA on wheat and tomato[J]. Jiangsu
Agricultural Sciences, 2016, 44(10): 499-502. (in Chinese)
A BRIEEE AF R[] 2 0 R T X A A iy
ttkﬂﬁ%ﬁﬂﬂ[ﬂ it V241, 2024, 45 (12) : 2563-2573.
ZHANG N, WU F M, ZHANG T Q, et al. Effects of different mi-
croalgae fertilizers on the growth of date palm seedlings[J].
Tropical Crop Journal, 2024, 45(12): 2563-2573. (in Chinese)
K SCRE T3 R R AR AR R AR AR A TR 2 A A R TR AR B
A R U AR R T R AR AR O S ) A E SR S

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

dance of beneficial microorganisms in maize rhizosphere soil
and its growth—promoting effect[J]. Journal of Plant Nutrition
and Fertilizers, 2024, 30(2): 394-405. (in Chinese)

A AR W IR R K N ROR B R D). R K 2
2019(2):38.

CAO X D. Preliminary study on the application effect of biologi-
cal fertilizer in corn field[J]. Farm Expert, 2019(2): 38. (in Chi-
nese)

LB, LIRS ORI A B R S R
FACRBEFE]. F KRB, 2019,27(4) : 154-161, 166.
ZHAO X, YANG Y L, WANG H R, et al. Study on absorption
and utilization efficiency of nitrogen, phosphorus and potassium
in maize seedling stage[J]. Journal of Maize Sciences, 2019, 27
(4): 154-161, 166. (in Chinese)

FEIH DT, A, TR, A5 . 0 VR O B O 2
L TS W (D] 907 i Y RS S A O SRR, 2024, 52
(1):135-143.

XIAO X Y, HAN W R, YU X H, et al. Morphological and physi-
ological strategies of Anabaena in response to temperature stress
[JI. Journal of Henan Normal University (Natural Science Edi-
tion), 2024, 52(1): 135-143. (in Chinese)

R TR E S B B A/ 73 o 21 (1 2 s = B 5 N
ST o AR Al 2741, 2018, 26(9) : 1388-1397.
LIANG S S, FANG Q, YAN Z Z, et al. Effect of water regulation
and reducing salt on summer maize[J]. Chinese Journal of Eco-
logical Agriculture, 2018, 26(9): 1388—1397. (in Chinese)
i B A e Al 3 B (M. B 5 b E Ol 1 RiEE L 2010
30-165.

BAO S D .Soil agrochemical analysis[M]. Beijing: China Agri-
cultural Press, 2010: 30-165. (in Chinese)

KR, TR KL, AF RN W BB R A B K
X % 2 i O WAL [D). 22 AR 2441, 2024, 45(2) :1-8.
ZHANG L X, LI B C, ZHANG M, et al. Response of matter ac-
cumulation and yield formation of strong gluten wheat to drip ir-
rigation in spring[J]. Journal of Cereal Crops, 2024, 45(2): 1-8.
(in Chinese)

SRR I S0/ S A N T )=~ = RS 5 S o0 = 2 |
BOtA Rtk i A2 4R 0. BEAR AL B2, 2008, 41(9) £ 2624~
2632.

LYU L H, ZHAO M, ZHAO ] R, et al. Changes of canopy struc-
ture and photosynthetic characteristics of summer maize under
different nitrogen application rates[J]. Scientia Agricultura Si-
nica, 2008, 41(9): 2624-2632. (in Chinese)

FEAR DL, BRLLER UL, AR TR T YT 3R BRI 0% 22
SR BB, 2014,22(6) £ 67-73.

DU B J, GAO H J, CHANG J, et al. Difference and cluster
analysis of nitrogen absorption and utilization efficiency in
maize seedling stage[J]. Journal of Maize Sciences, 2014, 22(6):
67-73. (in Chinese)

SR SCHE B FTFT, T AL, G5 SR BUAE R S A ST et



2 B A ¢ [ At A AR B S o M) T oK A A R A3 S R 71

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

e e AT S I P B R e ). AR ol IR B B e AT
2020,37(1):135-143.

ZHANG W J, YANG L L, WANG J H, et al. Effects of com-
bined pollution of three antibiotics and copper on catalase activ-
ity in soil[J]. Journal of Agricultural Resources and Environ-
ment, 2020, 37(1): 135-143. (in Chinese)

B, T BN AR, A A T K A B X T 4% B
B o HUR At 05 8 ) 52 W (). 7095 A0l B, 2022, 50(6) -
87-92.

HU P C, YIN J, WEI X D, et al. The effects of different water
and nitrogen treatments on the quality of potatoes and soil ure-
ase activity|J]. Jiangsu Agricultural Sciences, 2022, 50(6): 87—
92. (in Chinese)

INOMURA K, DEUTSCH C, MASUDA T, et al. Quantitative
models of nitrogen—fixing organisms[J]. Computational and Struc-
tural Biotechnology Journal, 2020, 18(58): 3905-3924.
SREL, 1 R A AR AR R AL b AR B A P T Y
W5 IE (], 3, 2008,40(4) : 510-516.

ZHANG W, FENG Y J. Research progress on application of
nitrogen—fixing cyanobacteria in ecological restoration of saline—
alkali land[J]. Soil, 2008, 40(4): 510-516. (in Chinese)

MA J, CHEN T, LIN ], et al. Functions of nitrogen, phosphorus
and potassium in energy status and their influences on rice
growth and development|J]. Rice Science, 2022, 29(2): 166—178.
SOUALIOU S, DUAN F, LI X, et al. Nitrogen supply alleviates
cold stress by increasing photosynthesis and nitrogen assimila-
tion in maize seedlings[J]. Journal of Experimental Botany,
2023, 74(10): 3142-3162.

DUAN F, WEI Z, SOUALIOU S, et al. Nitrogen partitioning in
maize organs and underlined mechanisms from different plant
density levels and N application rate in ChinalJ]. Field Crops
Research, 2023, 294: 108874.

LA XA sk, 45 0 it U0 B R R AR
) FH B A A 25 R (52 7). o [ A S R, 2022
(12):61-67.

JIANG C X, LIU H T, ZHANG W, et al. The effects of reduced
nitrogen application on the yield, nitrogen utilization and soil ni-
trate nitrogen content of sweet corn[J]. Chinese Soil and Fertil-
izer,2022(12): 61-67. (in Chinese)

SRR PR, SRR RN TR A K R AR
25 B A B (J). b Al BHE 2019, 52(1) - 34-44.
ZHANG X Y, WANG Y, CHEN J, et al. The effects of water
and nitrogen on the growth, root morphology and distribution of
corn seedlings during the seedling stage[J]. Chinese Agricultural
Sciences, 2019, 52(1): 34-44. (in Chinese)

RACH I ETT B0, 5 BURE R E ORI R A
SN ST GF - WiE=E s il AN N s
#2,2012,21(12) : 61-64.

WU Y J, SHEN Y F, YAN Q F, et al. The effects of nitrogen—

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

deficient compound nitrogen treatment on the root growth, root
vitality, nitrate nitrogen and amino acid contents of corn[J].
Northwest Journal of Agriculture, 2012, 21(12): 61-64. (in Chi-
nese)

RENUKA N, PRASANNA R, SOOD A, et al. Exploring the effi-
cacy of wastewater—grown microalgal biomass as a biofertilizer
for wheat[J]. Environmental Science and Pollution Research,
2016, 23(7): 6608-6620.

AR . 3 TR A 0 205 B X b AR N DR AR B A ) A A R 52 g
[D]. Kt s KHA Bt , 2018,

REN M N.Effects of biological crust of algae on soil water and
fertilizer conservation and crop growth[D]. Tianjin: Tianjin Agri-
cultural College, 2018. (in Chinese)

sk, EORA B A Al 0 QDHP-044 B H i
FHIP]. 1 [E . CN202410859831.8, 2024-10-15.

ZHANG T, WANG D W, SHAO L J, et al. Anabaena QDHP-
044 and application thereof[P]. China: CN202410859831.8,
2024-10-15. (in Chinese)

NOSHEEN S, AJMAL I, SONG Y. Microbes as biofertilizers, a
potential approach for sustainable crop production[J]. Sustain-
ability, 2021, 13(4): 1868.

Whtgs , b o A il DR S 980 95 — e — 0 M A LA X e ek
JB ¥R )], 14,2018, 50(5) : 910-916.

CHEN T, HAN S Q, ZHOU Q. Effect of organic fertilizer made
from algae—grass—mud in Chaohu Lake on soil properties|[J].
Soil, 2018, 50(5): 910-916. (in Chinese)

Al B, SR, X 56 i JEE A R AR BRI AR AR B 1
22 Wy S Ak T Ao A Sl T X 0 R o 2 (). R P AR 2
241,2019,30(11) : 3681-3688.

MA Z L, ZHAO W Q, LIU M.Response of polyphenol oxidase
and catalase activities in rhizosphere and non-rhizosphere soils
of alpine shrubs to warming[J]. Chinese Journal of Applied Ecol-
ogy, 2019, 30(11): 3681-3688. (in Chinese)

REZ G A TP I i 36 AR b 1 107 T F
[D]. W& R ¥« ZRAL ARl K%, 2009.

SONG Y Z. Study on application of microbial fertilizer in affor-
estation of saline—alkali land in Songnen Plain[D]. Harbin:
Northeast Forestry University, 2009. (in Chinese)

e AL, AR, ROF A IR IE A DL AU R A
FE DG T P B R2 W[, L i 4z, 2024, 55 (1) : 140-148.
GAO J C, LI Q, ZHU P, et al. The impact of long—term organic
substitution for chemical fertilizers on the enzymatic activities
related to nitrogen transformation in black soil[J]. Soil Bulletin,
2024, 55(1): 140-148. (in Chinese)

DASH D P, AJAY K, MANISH S K, et al. Cyanobacterial (uni-
cellular and heterocystous) biofertilization to wetland rice influ-
enced by nitrogenous agrochemicallJ]. Journal of Applied Phy-
cology, 2016, 28(6): 3343-3351.

(FTHEHHE . £ 2)



