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Effects of bio-organic fertilizer on bioactivity and root
activity of rhizosphere soil of potato

IU Xiao-li, ZHOU Yang-zi, DONG Li, ZHANG Chun-hong, LI Zhi-long, WANG You-ling, QIU Hui-zhen
g g g g
(College of Resources and Environmental Sciences, Gansu Provincial Key Lab of Arid Land Crop Science,
Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract: The long-term application of a large amount of chemical fertilizer to potato field can cause the de-
crease in soil bio-activity. To solve this problem, we studied the effect of the bio-organic fertilizer with the selected
plant growth promoting rhizobaeteria (PGPR) on the soil bio-activity. The treatments included no fertilizer (CK) ,
chemical fertilizer (CF), ordinary organic fertilizer (OF) , and five biological organic fertilizers ( BOF1, BOF2,
BOF3, BOF4 and BOF5) on the bioactivity and root activities of potato rhizosphere soil through a pot experiment.
The result showed that during the potato maturity period, the five types of bio-organic fertilizer treatments increased
cultivable bacteria by 52% and 37% on average and microbial biomass carbon by 30% compared with the CF and
OF treatments. The increase in cultivable bacteria and microbial carbon of BOF3 compared with that of other biolog-
ical organic fertilizers was 3% to 7% and 2% to 7% , respectively. Soil urease, sucrase, and phosphatase activities
also increased significantly (P<0.05). Compared with that of the CF and OF treatments, the increase of enzyme ac-
tivities was 11% ~114%. The root activities and tuber yield also increased with the improvement of soil biological
activities. The most significant effects was with BOF3, compared with CF and OF, the root activities of the five bio-
organic fertilizers increased by 265% and 224% , respectively, and the tuber yield increased by 16% and 21%. The
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root activity of BOF3 was 166% higher than that of BOF5. The tuber yield of BOF3 was higher than that of other bi-

ological organic fertilizer treatments by 5% and 9%, respectively. It indicated that increase in the number of culti-

vable bacteria and actinomycetes resulted from biological organic fertilizers increased the biomass carbon (nitrogen )

and enzyme activities of the soil, thus improved the biological activity of the soil , created a favorable rhizosphere en-

vironment for potato roots, and consequently improved the root vitality and promoted the growth of the potato.

Keywords: biological organic fertilizer; potato; rhizosphere soil microorganism; root activities; pot experi-

ment
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Table 1 Identification results and biological functions of five plant growth promoting rhizobacteria

%45 Number W ELE R Tdentification result HYIIRE Biological function
YRR R SRR AR sl O R R
QHZ-1 KSR 1 ( Paenibacillus Jamilae AJ271157) Cellulase, protease, pectinase, iron carrier, indole acetic acid,

QHZ-2 =45 ZF 9 AT W ( Bacillus atrophaeus JCM

9070)

QHZ-3 ZE495 2F f AT W ( Bacillus  atrophaeus NBRC
15539)

QHZ-4 EIG JER 2E AT B ( Bacillus axarquiensis strain
CR-119)

QHZ-5 FE 45 2F KT 1 ( Bacillus atrophaeus1942 strain

1942)

phosphorus release

LT YRR SR IR B BV 2T

Cellulase, protease ,iron carrier, indole acetic acid, phosphorus release

LT YE R R AN BRI LR S

Cellulase, protease , iron carrier, indole acetic acid, phosphorus release

MG PR I R A

Protease ,iron carrier, indole acetic acid, phosphorus release

M RIS 2R R

Protease , pectinase , iron carrier, indole acetic acid, phosphorus release
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Maturatin stage
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EICK B|CF HBEOF EBOF1 @@ BOF2 OBOF3

T A — I AR TR) B 3 78 A R R) 25 53K 5% 35K, Tl
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Note: Different letters in the same growth stage indicate that the difference between treatments is 5% signiifcant, the same below.

1 AEMERAE T EAFHBER R

Fig.1 Comparison of number of bacteria in soil of different fertilization treatments
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Fig.2  Comparison of number of fungi in soil of different fertilization treatments
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Fig.3 Comparison of number of actinomyocete in soil of different fertilization treatments
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Table 2 Effect of different fertilization treatments on microbial biomass carbon in soil

b3 HilY P2 e N ] TEM T R A
Treatment Seedling stage Tuber formation stage Tuber expansion stage  Starch accumulation stage Maturation stage
CK 113.79+1.45d 123.85+6.56f 130.08+5.80e 174.45+1.54d 170.85+2.76d
CF 127.46+9.57¢ 130.02+2.27de 134.85+7.69de 179.35+4.23d 173.55+2.88d
OF 125.49+6.11c 133.12+3.50d 139.71+7.85cde 205.66+3.38¢c 178.69+3.61d
BOF1 136.20+5.41be 142.33+1.56bc 146.76+4.35bed 212.06+3.88¢c 221.26+6.17bc
BOF2 144.87+2.62ab 151.02+1.75a 155.40+5.13ab 225.66+8.26ab 230.70+5.93ab
BOF3 148.24+5.94a 154.87+7.91a 161.90+2.73a 233.10+14.41a 239.10+4.38a
BOF4 140.29+6.11ab 146.65+0.67ab 150.65+2.71abc 217.22+2.50bc 225.74+5.57h
BOF5 132.92+9.59be 135.36+6.83cd 142.94+10.79cd 206.32+5.72¢ 216.00+8.38¢
®3 AEMEELEN T EMEMERMFM (mg - kg™')
Table 3  Effect of different fertilization treatments on microbial biomass nitrogen in soil
b2 HiY HEEIE i HeER R HERIER R A
Treatment Seedling stage Tuber formation stage Tuber expansion stage  Starch accumulation stage Maturation stage
CK 4.58+0.08e 5.16+0.13d 5.60+0.15¢ 7.42+0.15¢ 6.68+0.12¢
CF 5.30+0.15¢d 5.57+0.09¢d 6.10+0.16d 7.83+0.06e 6.83+0.17¢
OF 5.01+0.25de 5.66x0.16¢d 6.24+0.08d 8.40+0.20d 7.05+0.11e
BOF1 5.90+0.18b 6.44+0.17b 7.05+0.12¢ 9.30+0.25¢ 9.52+0.14cd
BOF2 6.71+0.14a 7.24+0.15a 8.15+0.17a 10.09+0.07b 10.27+0.14b
BOF3 6.74+0.15a 7.65+0.30a 8.32+0.23a 10.65+0.08a 11.18+0.16a
BOF4 6.43+0.16a 6.72+0.14b 7.60+0.15b 9.68+0.14hc 9.79+0.17¢
BOF5 5.68+0.16bc 5.93+0.14c 6.80+0.13¢ 8.84+0.15d 9.31+0.16d
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Fig.4 Effect of different fertilization treatments on activity of urease in soil
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Fig.5 Effect of different fertilization treatments on activity of sucrase in soil
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Fig.6  Effect of different fertilization treatments on activity of phosphatase in soil
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Table 4  Effect of different fertilization treatments on activity of potato root system and tuber yield of potato
szl WAEWE S/ (ng - g - h™h) ﬁ%%?ﬂﬁ
S i YeZE L M YeE AN R BLEN A Tuber yield
Seedling stage Tuber formation stage ~ Tuber expansion stage Starch accumulation stage ~ Maturation stage /(g )
CK 86.46+8.22¢ 143.38+6.21f 61.46+5.68e 26.23+2.90g 17.38+1.33d 824.48+5.22f
CF 93.76+13.05de 282.16+3.40d 76.87+2.96e 31.31+3.75fg 20.25+4.21cd 935.17+22.38d
OF 92.11+6.27de 212.96+3.29¢ 76.52+19.67e 36.91+4.22f 22.80+3.29bcd 898.07+1.41e
BOF1 106.93+7.46d 321.63+8.28¢ 128.20+5.21cd 77.01+5.13d 26.37+2.09ab 1074.36+13.4b
BOF2 195.14+5.85b 440.92+9.43h 158.58+2.67ab 107.00+2.81b 28.20+0.29ab 1088.37+11.18b
BOF3 282.25+0.49a 581.48+7.17a 184.66+6.43a 133.13+6.40a 29.75+4.07a 1147.14+3.61a
BOF4 162.52+15.41¢ 434.63+5.83b 143.25+9.00bc 92.07+8.73¢ 26.54+4.53ab 1080.87+5.69h
BOFS5 100.95+13.17de 282.63+21.95d 107.95+38.28d 50.13+6.59% 25.67+3.00abc 1048.34+12.28¢
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