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aboveground biomass of several common plant species to microbial fertilizer. We set up a factorial experiment
to test the interactive effect of six microbial fertilizers in the Leymus chinensis meadow steppe in Hulunbuir in
August 2014—2016. The seven treatments were as follows: control (CK), humic acid (F), alginic acid (H),
fermented molasses (T), humic acid+ fermented molasses+ alginic acid (F+H-+T), humic acid+ compound
microbial inoculant (F+J), and alginic acid+compound microbial inoculant (H-+]). The results showed that
addition of F and H from 2014 to 2016 did not significantly affect plant communities. Addition of F+H+T in
2014, 2015, and 2016 increased plant density by 26.72%, 17.92% ., and 34. 64 %, respectively, and increased
aboveground biomass by 7.18%, 49.97% ., and 47. 64% respectively. Addition of F from 2014 to 2016 did not
significantly affect the plant community, but addition of T, H, F+H+T, and H+] increased the importance
of the Gramineae and Leguminosae. Rhizome-type grasses (L. chinensis) showed greater responses to com-
pound microbial fertilizers than did clonal grasses and rosettle grasses. Addition of F in 2014, 2015, and 2016
decreased the Margalef index by 16.40%, 5.22%, and 37. 22% , respectively. Addition of H in 2014—2016 did
not affect the diversity index, but addition of F+H-+T in 2014—2016 increased the Margalef index, the Shan-
non— Wiener index, and the Pielou index. Addition of H+J in 2014 to 2015 increased the Pielou index by
7.62% and 8.70% , respectively. These results show that application of microbial fertilizer can significantly af-
fect the plant community, species diversity, and aboveground biomass in the Hulunbuir L. chinensis meadow
steppe. The combination of F+ T+ H had the strongest effect to increase plant community species diversity and
aboveground biomass. Precipitation should also be taken into consideration in the restoration of grassland re-
sources.

Key words: microbial fertilizer; plant community trait; species important value; species diversity
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Fig. 1 Monthly precipition and temperature in 2014—2015 for the experiment plot
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Table 1 Microbial fertilizer improved experimental design and fertilizer use

5 Qb3 N AR 77 24 W A RO T AL it A
Code Treatments Production company Living bacteria count Fertilizer application norm
CK %} B Control — — 0
F J& 4 8 Humic acid AL N AL BR A A 4 508" Fujlan - ARG W £>>0. 2 {¢/g. Effective 75 g/m?
Zhaoan Oasis Biochemical co. , LTD produc- number of living bacterium is >>0. 2
tion of “green goal” billion/g.
T iy Al LT =68 ARAR Z6FEM” Liaon- AR M > 20 {¢/g. Effective 6 mL/m?
Molasses fermentation ing Trichromatic Valley co. , LTD production number of living bacterium is >>20
of “three color the original bacterium agent” billion/g.
H W ¥R Alginic acid HSHAEEERHELXE” Qngdao Bright ARG HE £ >0. 2 {¢/g. Effective 75 g/m?
Moon Seaweed Company production of “five number of living bacterium is >>0. 2
bacteria pop” billion/g.
F+T JEMRTWERBE-BERE %24 3 #IER Add humic acid, alginic acid, 25 g/m?+6 mL/m?+
+H Humic acid+ alginic acid+  molasses fermentation together 25 g/m?
molasses fermentation
F+]  JE5R+ 5 A WE A 75 g/m?+30 g/m?
Humic acid+compound BHMAEMEAIE TP EEY TRAERAR  ASEEE>2.012/g. Effective
microbial inoculant “HAETEW T Beijing Dan Road Biologi- number of living bacterium is ~>2. 0
HCJ Wi g o Mk 9 cal Engineering co. , LTD., production of billion/g. 75 g/m? 30 g/m?

Alginic acid+ Compound Compound Microbial Inoculant

microbial inoculant

1.4 HKEN

KA Excel 2013 B4 2817 54 2 BEAE 1], SPSS 21. 0 847 504 0 4« A 5. 2 43 BF (One-Way ANO-
VA XA 9 B LT B R RS B AT 22 08T . I Duncan KB UE AT EMMEZ M A0 £ & L. B T
K% P<<0. 05,

2 HBREHW

2.1 FRHEMBFFZFIEGG LA

fol A 4 P e A Lo 2 5 iR Ay B 8 R R VB R M R R B R A TSR L, W 2 iR, 2014
AT A3 RE R 5 B 61,3800 b AW aE Oy 280. 93 g/m’ 2 i T BRAL L BE K O 736. 89 Bk /m” L BB
TR (P<<0. 05); F+T+HH AN AE Y BV 5 8 o 61, 42% , L AW 269. 91 g/m” . 35 i F XF HR
Y BEVE S BEON 758. 67 Bk/m”, 3 T X IR (P<C0. 05) s H+J Ab T A 9 BE V% 55 FF 3% K X0 HR 41 (P <<0.
05) , FEP& M I 2Byt f/N o 206,96 g/m* . 2015 4F T AbFE AP HEVS 25 B KRy 48,27 %, F+T+H H+J fi
W BE TR % B B K4 R 593. 67 I 553. 33 B /m® L ¥ 1B W R K T M R YL (P<C0. 05), 2016 4F T,
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F+J4b 3R A 4 BE 75 25 B 108 s TR IR (P<<0. 05) s F+T-+H A B FAHY BEVE %5 B8 b FAE Y B BB KT
X AL (P<<0. 05) s H+J AL BT RS B V% i B2 o B8 935 38 VMl b AR i 38 B 38 K T X IR (P<C0. 05) . 5 R 3k
].,2014 45 H-+J 4B T AR Y BE V% 36 5 Lo X BB 20 75 35. 75 %0 (B REVR Ml b 2B W b X BB 4H s/ 1 17, 82%0,2015,
2016 AEAH Y HE 95 9% B 43 ) L 6 BR2H 5 9. 9990 .24, 52 %, BV M b AR W 4y ) e R B 4 45, 83%6.37. 25 %05
2016 4F F+J b~ R BETE 5 25 M b AR A R A3 ) e R A R 33,1000, 1413 %, 14. 58 % (AW BEVE
R EXT BRI/ T 5. 90205 5% BATAH EL . 2014 — 2016 4 FLOH A0 FE N AP BEVE FRIE T B A8 fk, F+T+H
A PR R R RETE S BE A I T 26, 72% .17, 94 9% .34, 64 % 4 AR A BIBEIN T 7. 189,49, 97% .47, 64 %,

R 2 MEMMBLEMAERIXTE Y B R

Table 2 Effect of combined microbial fertilizer on plant communities

My b3 TR i L e 2 T v o L R b A
Years Treatment Community height Community coverage Community density Aboveground biomass of plant
(cm) % (¥ Plant/m?) community (g/m?)
2014 CK 25.5544,49a 49.1145. 82b 598. 67158, 97bc 251.83+23. 23ab
F 29.8946.87a 49,1847, 46b 626. 22442, 84b 245.45+43. 23ab
T 25.9542.37a 61.38+5.89ab 736.89+43. 62a 280.93+6. 26a
H 26.97+7.98a 59.5144.17b 591.56+38. 65bc 267.32+32.93ab
F+T+H 27.3845.15a 61.4247. 30ab 758.67+31. 44a 269.91+29. 18ab
F+]J 25.7744.75a 53.51+8. 34b 594. 67440, 60bc 223.88+15. 73ab
H+] 29.13+2.61a 76.44410. 89a 633. 78+56. 86b 206.96+16. 80b
2015 CK 22.8743.91a 40.90=%6. 85a 503.33443. 65b 155.62437.41b
F 19.62+4. 74a 38.6344.91a 508.33+17.62b 172. 34418. 38ab
T 20.4145.47a 48.2744.61a 536.331+46.01b 205. 88+ 14. 26ab
H 23.59+4.55a 36.1743. 88a 491.67+13.01b 185.194-10. 69ab
F+T+H 23.0245.79a 41.0042. 00a 593.67+27.93a 233.38+32.91a
F+]J 21.6841.88a 45.0346. 16a 481.33+£50. 84b 185. 944 15. 50ab
H+]J 22.264+3. 66a 38.1045. 37a 553. 33188. 82ab 226.95+30.97a
2016 CK 20. 5445, 46¢ 52.8744.19bc 458.00+36.10b 169.01412. 75¢
F 21.9442.70c¢ 49.6343.91c 583.33160. 48a 143.47417. 27¢
T 25,4644, 83a 62.77+2.22ab 572.00419. 08a 206.55+13. 65bc
H 20.8543.57c 54,0743. 48bc 577.33455.87a 183.534-13. 23bc
F+T+H 22,1144, 12bc 57.6042. 26bc 616.67+8.33a 249.54+12. 74a
F+]J 27,3445, 44a 60. 434 2. 44ab 431.00+18. 00b 193. 66410. 56bc
H+] 24,6244, 78ab 66.63%2. 50a 570. 33444, 50a 231.98+22. 66ab

R SVEE G A Rl 8 1R 25 57 8 3% (P<<0. 05) MR F R R Z R AR # (P>0.05), FHE.
Note: Different letters within the same column show significant difference at P<C0. 05. Same letters within the same column show no significant

difference at P=>0.05. The same blow.

2.2 HERHMHBEEI TN T RMG LK

T 2B R Ak FE 6T 2 R R ) R R B R OR AR R B E R AR I R e R R TR [ S
Wi 4N 3 /R . X HRALARLL . 2014 4F T ALS R RABHEY B2 EH Ry 51. 63, R A EEH B E /N T
X B4 (P<<0.05) . F+T+H.F+] 4T S RHEY) & 2 A8 5 R 5358 18.36.17. 95, H+] AL B F B EFRHEY) &
TH R KT X A (P<<0.05) 32015 48 F T F+J 40BN 4B YY) o 25 14 8 2 /) T X% BZH (P<<0. 05) , H 4k
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PR A5 R Y A K 6. 36, B E/NF XA (P<C0. 05) ,F+T+H &3 F RAFR 5 R E Y SR 3k
38.14.8. 88 Hrh G R Y T BA6 W3 K T XA (P<<0.05) , H+J 48 F TR B ERHEY T Z M A T X 1
412016 4F F T H AP F B EFHEY 263 82 /N T X B4 (P<<0. 05) ,F+ T+ H 3 TR AR ) 8 248
39,46, 5 2 m T X AL (P<C0. 05) , F+] A BT GBI M 5 26y 8. 02, I 3 K FXf B 4] (P<C0. 05) ,H+]
AEBRR ARARE R SR Y B B KT X B (P<<0.05), 4590 ,2014 4 T 4L FE N RAFHE Y #
B X B 5 9. 59 %0\ Je HE 2R Wy T A LA IR ZH /N 38. 55 % F+T+H . F+] kb FF SR ¥ 5 B2 3 1L
XA T 23.47%6,20. 71%;2014,2015 4 H A3 T 45 FHil ¥ 5 2 AH E X B 43 5380/ T 60. 4294 .55, 08 %4 5
2015,2016 4 F+ T+ H kb B R A BHE Y 3 ZAE /3 B3 0 T 3. 6420.43. 4400, & BHE W 5 ZHE 43 3138 1
50.00% ,18.80% . H+J 4bFE T GRHE ) T S 43 B30 T 76, 35% .73, 77% ;2014 — 2016 4 F 4bFE T 48 4 1
T LY R EEE O B ARk

R3 EMHMEVERSEMHEYREZENZN

Table 3 Effect of combined microbial fertilizer on species important value

gy b 7 RAF TR TR WE W R PR
Years Treatment Gramineae Leguminosae Ranunculaceae Compositae Cyperaceae Others
2014 CK 47.1146. 14a 14.8744. 31ab 13.45+2. 86¢ 14.30=+1. 78ab 9.824+1.75a 25.6343. 08ab
F 49,2447, 54a 12.85+2.49ab 16. 16 4. 97bc 8.2341.42cd 6.70+1.00a 18.54+3.91cd
T 51.634+14.85a  15.67+2.62ab 17.30£1. 96bc 8.83+1.50cd 6.17+1. 37a 15.75+2. 31d
H 49.6316. 88a 11.36=%2. 81b 18.25=+1. 75ab 5.66720.96d 7.61%1.59a 24,8144, 26ab
F+T+H 46.89+5. 80a 18.36+2.78a 16.66+3.32bc  12.46+2.19ab 7.0742.09a 28.0643.91a
F+]J 48.31+7.06a 17.95+3. 65a 19.88+2.62ab  14.36=+1.80ab 8.36+1. 86a 24.30+3. 64abce
H+]J 49.2149. 24a 11.00£2. 03b 24.2343.50a 16. 704, 25a 6.37%1.53a 23.3941. 62abc
2015 CK 36.80+6. 32a 5.927+0.91b 18.20+£2.51b 14.16 1. 65a 10.18+1.11b 27.1643.59ab
F 30. 1444, 00ab 4.88+£1.60b 26.2442.76ab 6.1041. 02bc 8.05+1. 36b 35.2544.33a
T 32.2645. 45ab 5.40+1.53b 23.3343. 40ab 9.6140. 62ab 7.8941.17b 22.1542.96b
H 30.86=+4. 19ab 5.207%0.87b 31.6343.60a 6.36=+1. 20bc 10.23=£1.06b 30.3942. 46ab
F+T+H 38.1449.57a 8.88+1.07a 20.99-+3.54b 8.68+1.49ab 9.41-+0.70b 26.8944. 31ab
F+]J 32.1544.78ab 5.7240.47b 27.0743. 88ab 5.7340.96¢ 7.68+1.01b 27.5543.09ab
H+]J 33.7443.98ab  10.44+1.11a 18.23+3.76b 9.13=41. 38ab 14.53+2.55a 21.1544.56b
2016 CK 27.5143.55b 4,6841.21c 30.54+ 1. 11a 3.8540.56b 7.46+1.47abc 24,6344, 16a
F 33.4842. 20ab 4.6941.03c 26.3649.61b 3.64+1.00b 5.7141. 68bc 23.9743. 14a
T 35.4743. 56ab 5.94=0. 95bc 23.1943.56b 6.31%1.13ab 6.9440.87abc  26.3345. 28a
H 35. 9744, 94ab 4,7141.05¢ 28.1343.25b 6.74+1.96ab 9.55+1.49a 26.8443.83a
F+T+H 39.46+6. 14a 5.56+0. 82bc 28.2545. 14b 7.13%+1.48a 8.5241.03ab 26.2846.08a
F+] 27.5643.77b 8.02=+1.06ab 29.464+3. 44ab 3.6540.87b 9.2441.43a 28.6742.78a
H+] 38.824+6. 06a 8.13%1.29a 25.8442.62b 9.33%1.23a 4.837%0.61c 23.9944.98a

2.3 FRMMBEEMA S AR LI

T 0 R Ak B 5 B B Ji R ) B 9 ) b E R B Margalefl 48 %, 2 £ 1k Shannon — Wiener 45 ¥k, I #Ji
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