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Effects of Bacterial Manure from Cassava Alcohol Fermentation
Mash on Yield and Starch Content of Cassava

Qingsong YANG, Fushan LI" ,Xiaohui CAO, Qionguang YU

Mingyang Biochemistry Group Co. , Ltd. , Guangxi Farm Reclamation Bureau/State Key Laboratory of Non-grain Biomass Enzymolysis, Nanning 530226, China

Abstract In order to provide a scientific basis for the utilization of cassava alcohol fermentation mash and the high-yield and high-efficiency
cultivation of cassava, compound microbial inoculum was inoculated into the cassava alcohol fermentation mash to prepare bacterial manure,
which was then applied to two cassava varieties, Nanzhi 199 and SC 205 to explore the optimum application amount, application method and
application concentration. The results showed that when the inoculation amount of the compound microbial inoculum was 2%o of the mass of the
mash, the requirements of industrial production of liquid bacterial manure and agricultural application can be met, saving costs. After the
emergence of cassava seedlings, if they were drenched with the bacterial manure of cassava alcohol fermentation mash through roots once ac-
cording to the amount of 67.5 t/ha and irrigated with the bacterial manure once every 15 d under drought conditions, both the yield and quality
of cassava can be improved significantly. The yield and starch content of Nanzhi 199 reached 26 196.23 kg/ha and 30.32% , 36.57% and
4.75 percentage points higher than those of CK. The yield and starch content of SC 205 reached 41 126.06 kg/ha and 23.74% , 99.25% and
3.19 percentage points higher than those of CK. Under the application modes of foliar spray, root irrigation and foliar spray + root irrigation,
the fertilization effect was more obvious. When undiluted bacterial manure of cassava alcohol fermentation mash was applied according to the
amount of 52.5 t/(ha - time) , the fertilization effect of the application mode of foliar spray + root irrigation was the best. The bacterial manure
from cassava alcohol fermentation mash can be directly applied without dilution, and the fertilizer efficiency will be reduced significantly after

dilution.
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1 Introduction
Guangxi is rich in cassava resources, and its planting area and to-
tal output account for about 70% of the national totals. However,
at present, China’s cassava planting generally has problems of high
production cost, low yield, low benefit and poor farmers’ enthusi-
asm for planting, which lead to the majority of processing cassava
raw materials in China relying on imports. Therefore, it is impera-
tive to achieve high-yield and high-efficiency cultivation of cassa-
va. In the processing of cassava, China mainly produces starch
and alcohol from cassava, between which, the production of alco-
hol accounts for more than 80% of the country’s total'". At pres-
ent, most enterprises have low utilization rate for a large amount of
waste mash produced in the production process of alcohol. Waste
mash is often subjected to anaerobic fermentation, aerobic treat-
ment and then directly discharged after reaching the standard, re-
sulting in great waste. Therefore, the harmless treatment and re-
source utilization of mash has become an urgent problem to be
solved. Using microorganisms to change the physical and chemical
properties of mash to prepare organic liquid bacterial manure can
realize the harmless and resource utilization of mash, increasing
the added value of mash”> ™.

way to utilize mash resources is direct irrigation or dilute irrigation

The most direct and cost-effective
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in agricultural production. The use of harmlessly treated mash in
agricultural production, the direct application of mash produced in
the processing of cassava in cassava cultivation, and the establish-
ment of a sustainable circular economy model will generate enor-
mous economic, environmental and social benefits.

Alcohol fermentation mash contains a large amount of unused
cellulose, residual sugar, yeast metabolite protein, and elements
such as calcium, nitrogen, phosphorus, potassium, iron and
zinc”'. Organic matter in mash can improve the physical, chemi-
cal and biological properties of the soil, regulate plant growth, and
enhance plant resistance®’. Under light anaerobic or dark aerobic
conditions, PSB photosynthetic bacteria can degrade and differen-
tiate organic matter. After being subjected to microbial action, the
mash will become neutral or weakly acidic, and its COD will be
reduced. The waste mash treated by the technology is a highly ac-

tive, high-quality liquid bacterial manure®~®'.

In agriculture,
mash is used as foliar fertilizer, soilless nutrient solution and
soaking solution. The application of mash can reduce soil salt
damage'”, increase the total amount and activity of soil micro-
organisms, improve soil fertility'® | and significantly increase
crop yield and quality'® ") | instead of causing excessive soil
heavy metals. Currently, there is no research or report on the
application technology and application effect of alcohol fermenta-
tion mash on cassava. To this end, according to the nutritional
characteristics of mash, a field planting test was conducted in
2012 - 2015 to study the effects of cassava alcohol fermentation
mash on the growth of cassava and explore the optimum applica-

tion amount, application mode and application concentration of
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the mash, thereby providing a scientific basis for high-yield and
efficient planting of cassava and resource utilization of cassava

alcohol fermentation mash.

2 Materials and methods

2.1 Test materials

2.1.1 Cassava varieties. Nanzhi 199 and SC 205 are the main
varieties of Mingyang Biochemistry Group Co., Ltd., Guangxi
Farm Reclamation Bureau. Nanzhi 199 is a sweet early-maturing
variety, with low fresh tuber yield (about 21 t/ha) and high crude
starch content (about 27% ). SC 205 is bitter medium-maturing
variety with high fresh tuber yield (about 27 t/ha) and low crude
starch content (about 22% ).

2.1.2  Alcohol fermentation mash. Cassava alcohol fermentation
mash refers to the waste liquid retaining after the cassava starch
raw material is saccharified and fermented to produce alcohol. It
was produced by the Mingyang Biochemistry Group Co., Lid. ,
Guangxi Farm Reclamation Bureau, with pH of 3.0 —=5.5, total
nitrogen of 70. 96 mg/L, total phosphorus of 23. 88 mg/L, total
potassium of 83. 33 mg/L, chemical oxygen demand (COD) of
21 200 mg/L, biological oxygen demand (BOD) of 10 400 mg/L,
NH,-N of 84 mg/L and solid suspension of 11 000 mg/L.

2.1.3 Bacterial manure from cassava alcohol fermentation mash.
The compound microbial agent[ Bacillus amyloliquefaciens: Bacillus
mucilaginosus ; Bacillus subtilis: Bacillus megaterium =1:1:1:1
(m:m:m:m) ]was inoculated to the cassava alcohol fermentation
mash according to 1%o, 2%o, 3%o, 4%o and 5%o of the mass of the
mash, respectively. The living bacteria count in the bacterial ma-
nure from cassava alcohol fermentation mash under different inocu-
lation amounts was determined. After the fermentation ended, the
bacterial manure (pH 5.5 -7.5) from cassava alcohol fermenta-
tion mash contained 70% - 80% of organic matter, 0. 4% -
0.6% of total nitrogen, 0. 03% - 0.05% of P,05, 0. 6% -
1.3% of K,O, and a small amount of trace elements such as Ca,
Fe, Zn, Cu and Mn.

2.1.4 Overview of the test site. The test was carried out in the
cassava breeding nursery of the Mingyang Biochemistry Group
Co., Ltd., Guangxi Farm Reclamation Bureau in Nanning,
Guangxi. The test site is flat and sunny, and the test soil was
yellow-brown clay loam, of which the texture was easy to be knot-
ted, pH was 5.02, organic matter was 2.3% , alkali-hydrolyzable
nitrogen (N) was 51.4 mg/kg, available phosphorus (P,0,) was
8.8 mg/kg, available potassium (K,0) was 44.2 mg/kg, and
fertility was medium.

2.2 Test design

2.2.1 Application amounts of the bacterial manure from cassava
alcohol fermentation mash. Total six treatments were designed for
each cassava variety: the application amounts of the bacterial ma-
nure from cassava alcohol fermentation mash were 37.5, 52. 5,
67.5, 82.5 and 97.5 t/ha, and conventional application of indus-
trial clean water was used as the control (CK). Three repetitions

were arranged for each treatment. Randomized block design was a-

dopted. The area of each plot was 41 m’ (2.0 m x20.5 m). The
plant and row spacing was 0.8 m x 1.0 m. There were 40 cassava
plants in each plot. After the emergence of cassava seedlings, root
irrigation was carried out once every 15 d under drought conditions
(the interval was adjusted in rainy days) until harvest. Other cul-
tivation and management measures were consistent.

2.2.2 Application modes of the bacterial manure from cassava
alcohol fermentation mash. Total four treatments were designed for
each cassava variety; foliar spray (sprayed on the front and back
of the leaves on a sunny afternoon without wind) , root irrigation
(irrigated to the roots of each cassava plant at a radius of 30 cm) ,
foliar spray + root irrigation, and blank control (CK). When the
cassava plants were 1.5, 2.0, 2.5 and 3.0 m high, fertilization is
applied once, respectively. The single-time application amount of
the undiluted bacterial manure was 52.5 t/ha. Other cultivation
and management measures were consistent.

2.2.3 Application concentrations of the bacterial manure from
cassava alcohol fermentation mash. Total four treatments were de-
signed for each cassava variety: undiluted bacterial manure from
cassava alcohol fermentation mash ( CK, application amount of
67.5 t/ha), bacterial manure from cassava alcohol fermentation
mash diluted two times, bacterial manure from cassava alcohol
fermentation mash diluted four times and bacterial manure from
cassava alcohol fermentation mash diluted six times. Fertilization
was carried out along with root irrigation once during the sowing
young seedling, robust seedling, tuberization and maturity stages,
respectively. Other cultivation and management measures were
consistent.

2.3 Growth index and quality determination During the
harvest period ( December), 40 plants were selected randomly
from each plot for measurement of single-tuber circumference (one
medium-sized tuber was selected from each plant, and the circum-
ference in the middle of the tuber was measured) and tuber num-
ber per plant. The yield of fresh tubers in each plot was meas-
ured. Total 3 —5 medium-sized tubers were selected randomly
from each plot, and their starch content was determined by the
DNS method on the day of harvest or the next day.

2.4 Data statistics and analysis Statistics and drawing were
carried out using Microsoft Excel 2007. Analysis of variance was
performed using SPSS17. 0. Significance test of differences was

performed using Duncan’s new multiple range method.

3 Results and analysis

3.1 Count of bacteria in the manure from cassava alcohol
fermentation mash inoculated with different amount of the
compound microbial inoculum As shown in Fig. 1, the living
bacteria count in the bacterial manure from cassava alcohol fer-
mentation mash increased with the increase of inoculation amount
of the compound microbial agent. The living bacteria count under
the inoculation amount of 5%¢ was significantly greater than those
under the other inoculation amounts. There was significant differ-

ence in the living bacteria count between the inoculation amounts
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of 4%o and 1%o; while no significant differences were found be-
tween the inoculation amounts of 2%o, 3%o and 4%o. Considering
production costs, as the living bacteria count under the inoculation
amount of 2%o could already meet the industrial production of bac-
terial manure from cassava alcohol fermentation mash and the re-
quirements of agricultural application, so the inoculation amount

of 2%o was the optimum.
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Note ; Different lowercase letters on the top of columns indicate significant
differences at the 0.05 level. The same below.
Fig.1 Living bacteria count of bacterial manure from cassava alco-
hol fermentation mash inoculated with different amount of
compound microbial agent

3.2 Performance of agronomic traits, yield and starch con-
tent of cassava applied with different amount of the bacterial
manure from cassava alcohol fermentation mash  As shown in
Table 1, when the application amount of the bacterial manure from

cassava alcohol fermentation mash ranged from 37.5 to 67.5 t/ha,
the plant height, stem diameter, single-tuber circumference, tuber
number per plant, yield, starch content of cassava all increased
with the increase of the application amount of bacteria manure
from cassava alcohol fermentation mash. When the application
amount of the bacterial manure exceeded 67.5 t/ha, the phenome-
non of spindly growth was observed, and the stem diameter, sin-
gle-stem circumference, tuber number per plant, yield and starch
content of cassava all decreased with the increase in the applica-
tion amount of the bacterial manure. When the application amount
of the bacterial manure reached 97.5 t/ha, most indexes in the
treatment groups were lower than those in the CK, indicating that
cassava has a certain limit on the tolerance of bacterial manure.
Therefore, in the cultivation of cassava, the application amount of
the bacterial manure from cassava alcohol fermentation mash must
be controlled within an appropriate range. When the application
amount of the bacterial manure was 67.5 t/ha, the stem diameter,
single-tuber circumference, tuber number per plant, yield and
starch content of cassava all reached the maximum. The yield and
starch content of Nanzhi 199 were 26 196. 23 kg/ha and 30.32% ,
36.57% and 4.75 percentage points higher than those of CK; and
the yield and starch content of SC 205 were 41 126. 06 kg/ha and
23.74% , 99.25% and 3. 19 percentage points higher than those
of CK. It suggested that appropriate application of bacteria manure
from cassava alcohol fermentation mash was conducive to the im-
provement of the growth, yield and starch content of cassava, and
the application amount of 67.5 t/ha was the optimum.

Table 1 Agronomic traits, yield and starch content of cassava applied with different amount of bacterial manure from cassava alcohol fermentation

mash

Cassava Fertilization Plant Stem Single-tuber Fresh tuber Fresh tuber Starch

variety amount //t/ha height // cm diameter //cm  circumference //cm  number per plant yield //kg/ha content // %

Nanzhi 199 37.5 326.34 d 3.24 ¢ 11.03 g I1e 20 276.08 h 28.43 ¢
52.5 334.22 ¢ 3.64 ¢ 13.63 e 3¢ 24 617.18 ¢ 29.74 b
67.5 351.05 b 3.83 a 15.25 ¢ 16 a 26 196.23 d 30.32 a
82.5 360.82 a 3.44 e 14.26 d 14 b 23 367.13 f 26.86 d
97.5 265.41 g 3.03 1 9.80 i 10 f 16 964.32 j 24.25
CK 262.11 g 3.14 h 12.15 12d 19 181.34 i 25.57 e

SC 205 37.5 276.11 f 3.37 ¢ 14.34 d 9¢ 22576.14 ¢ 21.42 i
52.5 285.93 ¢ 3.52d 16.76 b 11e 35276.14 b 22.95h
67.5 326.04 d 3.71b 17.88 a 12d 41 126.06 a 23.74 ¢
82.5 332.92 ¢ 3.2 ¢ 15.30 ¢ 10 f 34 371.16 ¢ 21.08 i
97.5 261.63 g 2.92 10.54 h 71 19 876.41 i 20.16 k
CK 259.33 h 3.13 h 13.94 e 8h 20 640.56 h 20.55j

Note : Different lowercase letters in the same column indicate significant differences at the 0.05 level. The same below.

3.3 Single-tuber circumference, fresh tuber yield and starch
content of cassava under different application mode of the bac-
terial manure from cassava alcohol fermentation mash The
single-tuber circumference, fresh tuber yield and starch content of
cassava under different application mode of the bacterial manure
from cassava alcohol fermentation mash were shown in Fig. 2.

3.3.1
ence of cassava under the application mode of foliar spray + root ir-
rigation was the greatest, 17.86 cm for SC 205, 68. 17% larger

Single-tuber circumference. The single-tuber circumfer-

than that of CK, followed by those under the application modes of
root irrigation and foliar spray, and the single-tuber circumference
of cassava in the CK was the smallest. The single-tuber circumfer-
ences of SC 205 applied with the bacterial manure were significant-
ly greater than those of Nanzhi 199, and no significant difference
was found between the two control groups. It indicated that single-
tuber circumference was related to the variety, and application of
bacterial manure help to promote the expansion of cassava tubers.
3.3.2  Fresh tuber yield. The application of the bacterial manure
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could significantly increase the yield of cassava. The yield of cas-
sava under the application mode of foliar spay + root irrigation was
the highest, 39 525.00 kg/ha for SC 205 (100.37% higher than
that of the CK) and 33 265. 00 kg/ha for Nanzhi 199 (100. 11%
higher than that of the CK). The yield of cassava under the appli-

cation modes of root irrigation, foliar spray ranked second and
third, respectively. The yield of cassava in the control groups was
the lowest. It indicated that the application of the bacterial manure
was conducive to the improvement of cassava yield, and the appli-
cation mode of foliar spray + root irrigation was the best.

Application mode

Application mode
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Fig.2 Single-tuber circumference, fresh tuber yield and starch content of cassava under different application mode of bacterial manure from cas-

sava alcohol fermentation mash

3.3.3 Fresh tuber starch content. The application of the bacteri-
al manure could significantly increase the starch content of fresh
cassava tubers. The starch content of cassava under the application
mode of foliar spray + root irrigation was the highest, 27. 77% for
Nanzhi 199 (55.31% higher than that of the CK) and 24.86% for
SC 205 (64.09% higher than that of the CK). The application of
the bacterial manure help to improve the quality of cassava, and
the application mode of foliar spray + root irrigation was the best.

3.4 Yield and starch content of cassava applied with differ-
ent concentration of bacterial manure from cassava alcohol
fermentation mash As shown in Table 2, the yield and starch
content applied with undiluted bacterial manure from cassava alco-
hol fermentation mash were both higher than those of cassava ap-
plied with diluted bacterial manure. With the increase of dilution
times, the yield and starch content of cassava declined significant-
ly. The application effect of the undiluted bacterial manure was the
best. When applied with undiluted bacterial manure, the yield and
starch content of SC 205 were 40 215.21 kg/ha and 20.86% , re-

Table 2 Yield and starch content of cassava applied with different con-
centration of bacterial manure from cassava alcohol fermenta-

tion mash
Cassava variety Concentration Fresh tuber Starch
yield //kg/ha content // %

Nanzhi 199 Undiluted (CK) 33 467.14 b 26.77 a
Diluted 2 times 25636.02 d 23.14 b
Diluted 4 times 18 356.16 ¢ 20.25 ¢
Diluted 6 times 16 484.32 h 16.13 ¢

SC 205 Undiluted (CK) 40 215.21 a 20.86 ¢
Diluted 2 times 27 971.34 ¢ 18.96 d
Diluted 4 times 21 156.22 ¢ 15.97 £
Diluted 6 times 19437.31 13.54 ¢

spectively, and those of Nanzhi 199 were 33 467. 14 kg/ha and
26.77% , respectively. The application effect of the diluted bacte-
rial manure reduced significantly.

4 Conclusions and discussions

The cassava alcohol fermentation mash is a waste liquid discharged
from the bottom of the crude distillation tower after the cassava
starch raw material is saccharified and fermented to produce alco-
hol, and the pH is usually 3 —=5. It is rich in organic matter, N,
P, K and various trace elements required by the growth of plants,
with low heavy metals content!"!. The mash can be prepared into
organic liquid bacterial manure after mixed with a certain propor-
tion of compound microbial agent. It decomposes organic matter u-
sing microorganisms. At the same time of changing the physical
and chemical properties, the fertilizer efficiency is improved, thus
achieving the effects of decomposing, deodorizing, killing germs
and eggs, reducing the contention of suspended solids and reduc-
ing the chemical oxygen demand. The use of organic liquid bacte-
rial manure as a fertilizer and soil amendment can promote the ab-
sorption of nutrients by crops, regulate crop growth, enhance crop

. 12
resistance (2]

, and reduce pests and diseases, thereby improving
crop yield and quality. The microorganisms can convent cellulose,
residual sugar, and protein into humic organic matter, playing the
role of nitrogen fixation, phosphorus solubilization, and potassium
dissolving'"®" | increasing the living bacteria count of the soil, im-
proving the biological, physical and chemical properties of the
soil, thereby increasing the fertility of the soil. Therefore, the
harmless treatment and direct agricultural application of cassava al-
cohol fermentation mash is the most direct and lowest-cost resource
utilization pathway.

Wang Fenfen™ found that it was feasible to produce poly-



110 Asian Agricultural Research 2019

myxa bacillus manure through the fermentation of cassava alcohol
fermentation wastewater, and the application the bacterial manure
significantly increased the fresh weight, dry weight and quality of
tomato and green vegetables and reduced the content of nitrate in
the green vegetables. Among them, the fresh weight was increased
by more than 60% . There was no significant difference between
the 10 times dilution of cassava alcohol fermentation wastewater
and the blank treatment ( clean water). Wei Minzheng et al. '*
used cassava alcohol anaerobic fermentation mash as part of irriga-
tion water and fertilizer source instead of chemical fertilizer for ba-
nana production. The yield of banana applied with the fermentation
mash was increased by 19. 80% compared with conventional fertili-
zation. The Ve content and soluble sugar content of banana fruit
were increased by 28.19% and 5.22% , respectively. The contents
of alkaline-hydrolyzable nitrogen, available phosphorus and availa-
ble potassium of the soil were increased by 12.76% , 267. 40%

and 53. 51% , respectively. Hu Kailin et al. "™

irrigated the
cassava alcohol anaerobic fermentation mash with COD of 1 200 —
2 000 mg/L to banana that was then mulched with plastic film ac-
cording to the amount of 900 m’/ha. The results showed that the
contents of organic matter and available potassium of the soil and
the stem height, stem circumference, green leaf number, chloro-
phyll content and yield of banana were all increased significantly.
The results of this study found that when the cassava alcohol fer-
mentation mash could be used as organic liquid bacterial manure
after harmless treatment with compound microbial agent, and the
optimum inoculation amount of the compound microbial agent was
2%o of the mass of the mash. The root irrigation of the undiluted
bacterial manure after the emergence of cassava seedlings could
significantly promote the growth, increase the yield, and improve
the quality of cassava. When the application amount of the mash
was 67.5 t/ha, the yield and starch content of Nanzhi 199 were
26 196.23 kg/ha and 30. 32% , 36. 57% and 4. 75 percentage
points higher than those of the CK, and the yield and starch con-
tent of SC 205 were 41 126.06 kg/ha and 23.74% , 99.25% and
3.19 percentage points higher than those of the CK. At the same
time, the stem diameter, single-tuber circumference, and tuber
number per plant of cassava reached the maximum. Under different
application modes, the bacterial manure from cassava alcohol fer-
mentation mash all significantly increased the yield and improved
the quality of cassava. Under the application amount of 52.5 t/ha,
the application mode of foliar spray + root irrigation was the best,
which significantly increased the stem diameter, single-tuber circ-
umference, tuber number per plant, yield and starch content of
cassava. It suggests that the bacterial manure from cassava alcohol
fermentation mash can provide nutrients for plants. The direct ap-
plication of the bacterial manure to agricultural production is char-
acterized with low costs, high efficiency, environmental pollution
reduction and soil improvement. The bacterial manure from cassa-
va alcohol fermentation mash can be promoted and applied in agri-
cultural production. Simultaneously, the development of this ma-
nure can provide a scientific reference for the sustainable develop-
ment of the cassava industry.

Mash has a positive effect on soil structure and nutrient regu-
lation. When applied within the appropriate range, it will not

cause groundwater contamination. However, there is a risk of con-
tamination to the soil and water environment when applied exces-
sively””! . Therefore, corresponding treatment should be carried out
before mash is applied to degrade organic pollutants, thereby im-
proving the safety of mash application. At the same time, it is nec-
essary to master the appropriate dosage to avoid adverse conse-
quences, thus reducing the use of chemical fertilizers and produc-
tion costs and providing scientific guidance for the resource treat-
ment of mash. Subject to conditions, this study only explored the
effects of the bacterial manure from cassava alcohol fermentation
mash on the growth, yield and starch content of cassava. The com-
bined effects of the bacterial manure on disease resistance and
stress resistance of cassava, as well as its effects on nutrients and
heavy metals of soil and environment of groundwater remain to be
further studied.
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