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Effects of Bacillus ZJM-PS and Nitrogen Application on Growth
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Abstract: We took the adzuki bean cultivar ‘Jin adzuki bean 5’ and growth promoting bacteria Bacillus
ZJM-P5 as materials, set different nitrogen dosage and concentration of bacteria treatments, and deter-
mined agronomic characters, physiological characteristics and nitrogen content under different treatments

by pot experiments at seedling stage. The effect of different Bacillus ZJM-P5 and nitrogen treatments on
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growth and development of adzuki bean seedlings was analyzed. and the optimum growth promoting bacte-
ria concentration level was screened. The aim is to improve the seedling quality and nutrient absorption
and utilization efficiency of adzuki bean, and provide a theoretical basis for high yield and high quality cul-
tivation. The results showed that: (1) under the same concentration of bacteria fluid, plant height, stem
diameter, leaf area, shoot dry weight, root dry weight, root area, root volume and average root diameter
initially increased and then decreased with increasing nitrogen application rate; However the max root
length showed a decline; Furthermore, the contents of soluble sugar and MDA in the roots decreased first-
ly and then increased with the increase of nitrogen application rate, while the activities of SOD, POD in
root and root activities initially increased and then decreased with increasing nitrogen rate; the soluble pro-
tein content in the root, NR activity and nitrogen uptake of plant rose with increasing nitrogen rate. (2)
Under the equal amount of nitrogen fertilizer, in addition to soluble sugar and MDA contents in roots with
the increase of bacteria concentration firstly decreased and then increased. The other indexes showed a
trend of increasing firstly and then decreasing; All the indexes in addition to the low nitrogen level (50 mg
+ kg™"), the concentration of 10° cfu * mL™" bacteria solution reached the maximum value, and the other
nitrogen levels reached the highest value at the concentration of 10" c¢fu « mL ! bacteria solution. The stud-
y found that reasonable combined application of Bacillus ZJM-P5 and nitrogen was beneficial to the nitro-
gen absorption and growth of adzuki bean, 100 mg « kg ' was the best nitrogen (pure nitrogen) level, and
10" cfu » mL~" was the best concentration of bacteria, and the agronomic characters, root activity and pro-
tective enzyme activities and nitrogen content of the seedlings treated with the combination of the two
reached a higher level; Excessive application of nitrogen, bacteria, or the unreasonable proportion of bac-
teria and nitrogen will lead to dry matter accumulation and nitrogen limitation of seedlings, and then inhib-
it the normal growth of plants.
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Table 1 The shoot growth of adzuki bean seedlings under different nitrogen and bacteria treatments
Ab B 7= EYi TR B G
Treatment Plant height/cm Stem diameter/mm Leaf area/cm? Shoot dry weight/mg

CK 8.8340.75h 2.01£0.13g 4.87+0. 26i 215.0418.67h
NIA1 11.04+1. 15g 2.347+0. 19ef 6.49+0.61gh 271.8+17. 541g
N1A2 12. 4740, 93elg 2. 4240, 16def 6. 980, 58fgh 284. 0+ 13, 35¢lg
N1A3 13.0340. 90ef 2.64740. 22cde 7.5140. 48defg 312.2421. 98cde
N1A4 10.97+0. 95g 2.30+0. 18f 6.36+0.52h 254.0423.51g
N2A1 16.00+0. 99ab 2.86+0. 19bc 8.27-+0.52bed 337. 0425, 40abc
N2A2 17.10+1. 15a 3.192£0. 14a 9.37+0. 68a 369.4427.90a
N2A3 14.87=+1. 00bed 3.04+0. 18ab 9.01+£0. 75ab 357.0423. 80ab
N2A4 13. 23+ 1. 04de 2.787+0. 16bc 8.12+0. 62bcde 328. 4425, 11bed
N3Al 14. 10 1. 05cde 2.69+0. 18cd 7.93740. 50cdef 295.3421. 48def
N3A2 15.43+1. 02abc 2.83740. 14be 8.67+0. 64abc 346.3422. 61abc
N3A3 12.73+1.0lefg 2.724+0. 12bced 7.23%+0. 61efgh 314.8423. 17cde
N3A4 11. 23+ 1. 0dfg 2.5840. 21cdel 6.5940.51gh 268. 9415. 85[g

7 CK. RN G AR 28 AT B ZIM-P5 W8 2 A1.10° efu  mL 715 A2.107 cfu » mL71;A3.10% cfu » mL™"; Ad. 109 efu » mL™"', ZJEH
N1, 50 mg « kg™ '3 N2. 100 mg « kg™ '3 N3. 200 mg « kg™ ', K NEAE N T B (E L ARE 2, 17 5 B 5 A 17 7 1 R A B1E 7E 0. 05 K P A7
e E 2R (P<<0.05); R

Note; CK. Without bacteria and nitrogen fertilizer. Bacillus ZJM-P5 concentration; Al. 10% cfu « mL™';A2, 107 cfu » mL~';A3. 10% cfu
e mL " ';A4.10° cfu » mL~!. Nitrogen fertilizer: N1. 50 mg « kg~ '; N2. 100 mg * kg~ '; N3. 200 mg * kg !. The values in the table are given

as mean® SD. Different letters within the same column indicate significant difference among treatments at 0. 05 level. The same as below
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Table 2 The development of root system of adzuki bean seedlings under different nitrogen and bacteria treatments

2 b T 42 = . - .
Trﬁﬁ%em ROTE i’iéﬁ;jﬁmz RooTﬁv/f\lenf/mL ?ijﬁii{gﬁ Ma)?mjgflle\ngth ﬁ(i\j;;%
iameter/mm of root/cm weight/mg
CK 16.44=+0. 89h 1.42+0.09i 0.46740. 04h 14.17+1. 291 34.0+3.06h
NI1A1 22.2141. 44cdef 1.84740. 12efg 0.58+0. 04cde 26.0741. 56abc 53.8+3.41g
N1A2 23.114+1. 54cd 1.9940. 13de 0.63740. 04bc 27.204+1. 08ab 61.3+4. 57def
NI1A3 25.954+1. 46ab 2.1640. 10bed 0.66740.03ab 27.86+1.11a 55.843.52fg
N1A4 21.394+1. 25defg 1.74=+0. 13fgh 0.57+0. 04cde 25.43741. 60bed 52.3+2.84¢g
N2A1 26.78+1. 32a 2.26+0. 15abc 0.66=+0.06ab 23.2341.19de 66.8+4. 72abed
N2A2 28.0241.18a 2.37%0.11a 0.7140.01a 26.9041. 35abc 71.6+3. 35ab
N2A3 26.974+1.38a 2.32+0. 10ab 0.6740. 04ab 24,7341, 40cd 73.9+4.97a
N2A4 24.0841. 12bc 2.09+0.11cd 0.6440. 04bc 21.2041. 21efg 63.4+4.59cde
N3A1 19. 88+ 1. 84fg 1.6940. 12fgh 0.55740. 02ef 20.874+1. 121fg 62.3+4, 39def
N3A2 22.5741.73cde 1. 88+0. 08ef 0.6140. 03bed 22.4741. 32¢f 69. 944, 65abc
N3A3 20,56+ 1. 36¢g 1.6540. 13fg 0.5440.0dg 19. 80+ 1. 08gh 65. 64 4. 43bed
N3A4 19.47+1.07g 1.6240.13h 0.53+0.0dg 18.23+1. 22h 57. 343, 49efg
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Table 3 The physiological indexes of root system of adzuki bean seedlings under different nitrogen and bacteria treatments

4hTm SOD Wk POD 77 1 MDA & # ﬁtﬁfﬂ:ﬁf H& qfﬁ’ﬂi*ﬁ o
Treatment SOD activity POD activity MDA content Soluble protein Soluble sugar
/(Ueg b /(U e« g !« min) /(nmol « g~ 1) content/ (mg+ g 1) content/ (mg e+ g 1)
CK 218.61+11.18h 679.76+31. 491 13.58+0. 64a 4.37+0. 391 2.67+0.05a
NI1AI 304, 54413, 22cd 787. 23435, 12defg 8.19+0.53d 5.92+0. 30de 2.354+0. 15cde
N1A2 310. 22+ 15. 60bed 829. 92+ 32. 68bcede 7.45+0. 56def 6.33+0.32d 2.29+0. 18bed
N1A3 329.28+12. 34ab 834.83+25. 39bed 6.82+0. 18fgh 6. 44+0. 49d 2.09+0. 18bc
N1A4 278.50+ 14, 42ef 767. 78425, 43fgh 9.3140.47¢ 5.67+0. 16e 2.39+0.17b
N2A1l 334.46+13. 27ab 839. 82+ 28. 57abc 6.99+0. 43efg 8.07+0. 18c 1.4740. 13gh
N2A2 350.984+15.17a 885. 48+ 25. 24a 6.06+0.63h 9.18+0.41 ab 1.3240.17h
N2A3 326.30+11. 85bc 866.56+21. 95ab 6.4240. 32gh 9.02+0. 17ab 1.45+0. 18gh
N2A4 322.75+13. 16bc 814.81+27. 03cdef 7.78+0. 27de 7.96+0. 25¢ 1.7140. 17fg
N3Al 287.20+13. 53de 781. 45424, 35efgh 9.04+0. 46¢ 8.844+0. 20b 1.6940.19 fg
N3A2 298.59+10. 92de 800. 76 +24. 09cdef 7.96-+0. 33d 9.45+0. 38a 1.62+0.17¢g
N3A3 260.13+11. 83fg 748.23+20. 67gh 10.40+£0.55b 9.29+0. 32ab 1.9240. 14ef
N3A4 251.024+13.81g 732.43426.59h 10. 72+0. 39b 8.23+0.21c 2.03+0. 18de
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Fig. 1 The root activity of adzuki bean seedlings under

different nitrogen and bacteria treatments
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