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Abstract

[ Objectives ] The research aimed to study the effect of sludge extract on the growth of Zinnia elegans, and evaluate its possibility

of application. [ Methods | Z. elegans was taken as research object, and the effect of sludge extract on the growth indicators of Z. elegans was

studied. [ Results] The sludge extract can obviously promote the growth of Z. elegans, and the growth indicators were significantly improved

when compared with the control group. The application effect was close to that of foliar fertilizer purchased in the market. In each treatment

group, the low concentration of sludge extract did not significantly promote the growth of Z. elegans, while too high concentration could inhibit

its growth, and the optimal dilution ratio was 600 times. [ Conclusions] Further preparation of amino acid foliar fertilizer from sludge extract

and its application in planting garden plants can realize the resource utilization of sludge and has a good development and application prospect.

Key words Sludge extract, Zinnia elegans, Plant growth

1 Introduction

With the rapid development of urbanization, the amount of
sludge produced by urban sewage treatment in China has increased
significantly'". Tt is reported that the amount of urban sludge in
China can reach 7 500 tpd"™’. Incineration, composting and land-
fill are common solutions to surplus sludge, but there are many
limitations™'. From the perspective of environmental protection
and sustainability, the best way of sludge disposal is resource uti-
lization'*. The sludge contains relatively abundant nutrients re-
quired for plant growth, and high protein content”’, which has
the potential of resource utilization and is an excellent resource of
amino acid foliar fertilizer. Therefore, the development of protein
in sludge, the preparation of amino acid foliar fertilizer and the
study of its application in agriculture and forestry'®’ could not only
broaden the raw materials of amino acid foliar fertilizer and reduce
the production cost of amino acid foliar fertilizer, but also realize
the resource utilization of sludge from sewage treatment plant'”.

Zhang Aifang et al. ™ carried out the research on the direct
application of sludge as fertilizer in agriculture and forestry. Yang

71 carried out the research on sludge composting.

[11-12

Yang et al. '
Deng Jinfang et al. " carried out the research on the prepara-
tion of cultivation substrate for agriculture and forestry by sludge
and other materials. At present, the research on sludge mainly fo-
cuses on direct application, composting and cultivation sub-

strate ™. Foliar fertilizer has the advantages of fast fertilizer effi-
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ciency, high nutrient utilization rate and low environmental pollu-
tion, and has become an important part of modern agricultural fer-
tilizer'"" . In the research on the development of surplus sludge in-
to foliar fertilizer, only Shi Zhoufang et al. "™’ carried out the re-
search on the preparation of amino acid foliar fertilizer by using
surplus activated sludge, and there is no report on the preparation
of amino acid foliar fertilizer by sludge and its application in gar-
dens. Plant treatment and agricultural utilization is a new field of
urban sludge treatment technology at present. It has the advanta-
ges of low cost and no secondary pollution, and has gradually be-
come a hotspot of international research and development .
Zinnia elegans belongs to Zinnia L. of Asteraceae, is annual

' Therefore, the re-

plant, and is widely used in landscaping''
search on the application effect of sludge extract in the planting of
Z. elegans, the effect of sludge extract on the growth of Z. ele-
gans , and the possibility of its application could provide a theoret-
ical basis for the preparation of amino acid foliar fertilizer from the
surplus sludge of sewage treatment plant and its application in the
garden, and a reference for the resource utilization of surplus

sludge in the sewage treatment plant.

2 Materials and methods
2.1 Test materials Test plant was Z. elegans. The test soil
was taken from the abandoned land soil of a village in Dangwu
Township, Huaxi District, Guiyang City, Guizhou Province and
the natural forest land soil in the new campus of Guizhou Minzu
University. The soil was mixed evenly according to the mass ratio
of 2:3 and sieved for future use. Basic physical and chemical
properties of the tested soil were: pH 6.78, organic matter
12.25% , total nitrogen 0.78 g/kg, total phosphorus 1.35 g/kg,
total potassium 9.29 g/kg, and available phosphorus 15. 87 mg/kg.
The test sludge was collected from the surplus sludge of a sewage
treatment plant in Guiyang, Guizhou Province, and its physical

and chemical properties were as below: moisture content 58% ,
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pH 6. 85, organic matter 28. 6% , total nitrogen 19. 31 g/kg, total
phosphorus 10.95 g/kg, total potassium 4. 58 g/kg, and available
phosphorus 397.79 mg/kg. In the pot experiment, 4 kg of sieved
soil was put into each pot, and the pot was made of polyethylene
plastic, with the specification of 25 ¢m height and 28 cm caliber.
The test sludge extract was prepared by the laboratory. By refer-

ring to the optimum extraction conditions of Cui Jing et al. ' ~"*

and considering that the potassium content of sludge is generally
low'”" | KOH solution was taken as extractant. According to the
solid-to-liquid ratio of 1:8 ('sludge: extractant) , it was extracted
for 10 h under 100 °C. After filtration, the sludge extract used in
the experiment was obtained ™.
2.2 Experimental methods

ted from May to August 2019, with 6 treatment groups and 1 con-
trol group. They were sludge extract diluted 800 times (S1), 700
times (S2), 600 times (S3), 500 times (S4), 400 times (S5),

commercial foliar fertilizer ( SS), and clear water as control

The pot experiment was conduc-

(CK), respectively. Three replicates were set for each process.
10 seeds of Z. elegans were planted in each pot. When the plants
grew well, intercropping treatment was carried out, and 3 seed-
lings of Z. elegans were kept in each pot. According to the set
treatment groups, the sludge extract was diluted and then sprayed,
250 mL each time, once a week. It was sprayed for 10 times in the
whole growth period. Moreover, it should do a good job in wee-
ding, watering and other daily management, and observe and re-
cord the growth status of Z. elegans.

2.3 Indicator determination Plant height, flower diameter,
stem diameter, flower yield, dry weight and plant mass of Z. ele-
gans in each pot were measured respectively. Plant height indi-
cates length from stem base to growth point; flower diameter indi-
cates the maximum value of petal extension in horizontal direction;
stem diameter indicates width of plant stem; flower yield indicates
fresh weight of flowers after picking; dry weight indicates the
weight after flowers are put into the oven and dried at 75 °C ; plant
mass indicates the weight of the whole plant after cleaning and dr-
yingm.

2.4 Statistical analysis Excel software was used for data sta-
tistics and processing, and Origin 9. 0 software was used for draw-

ing map, and SPSS 18.0 was used for difference analysis.

3 Results and analysis

3.1 Plant height Plant height is one of the indicators to meas-
ure the growth status of plants, and can prove the growth
speed ™. Seen from Fig. 1, plant height of Z. elegans in SS pro-
cessing group in whole growth period was the best, and it in-
creased by 15.66% than CK when harvesting. Plant height in S1,
S2 and S3 processing groups increased by 8.57% , 10.97% , and
10.97% than CK. Plant height in S4 and S5 processing groups
was all lower than CK at later period, and it may also be because
that too high application concentration inhibited the growth of
plants. The results showed that the application of sludge extract

with proper concentration could promote the growth of Z. elegans.

Among them, S3 treatment group applied the best dilution concen-
tration, while $4 or S5 treatment group caused greater damage to

plants and inhibited their growth due to excessive concentration.
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Fig.1 Effects of sludge extract application on plant height of Zinni-
a elegans

3.2 Stem diameter Seen from Fig.2, stem diameter of Z. ele-
gans sprayed by sludge extract was all higher than CK. Under the
same spraying amount, stem diameter in S3 processing group was
the best. When harvesting, stem diameter in S1, S2, S3, $4, S5
and SS processing groups was 0.35, 0.37, 0.41, 0.37, 0. 34,
and 0.39 cm, respectively, while stem diameter in CK was 0. 34
cm. It was clear that sludge extract could promote the growth of
Z. elegans stem diameter. With the increase of the spraying con-
centration of sludge extract, the stem diameter of Z. elegans
showed a trend of first increasing and then decreasing, and it re-
spectively increased by 2.94% , 8.82% , 20.58% , 8.82% , 0,
and 14.70% than CK. It showed that the effect of S3 processing
group in each period was the best. It was clear that the sludge ex-
tract could make the stems of flowers strong, which was conducive
to plant growth. The application effect of the sludge extract diluted
600 times was the best, without difference from the effect of com-
mercial foliar fertilizer.
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Fig.2 Effects of sludge extract application on stem diameter of

Zinnia elegans

3.3 Yield and flower diameter In the process of flower pro-
duction, flower diameter is one of the important indicators to
measure the quality and ornamental value of flowers'™’ . Seen from
Fig. 3, flower diameter sorting of Z. elegans was: SS>S3 >SI >
S2>CK >$4 >855, and flower diameter in S1, S2, S3 and SS
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processing groups respectively increased by 6.03% , 2.71% ,
8.89% , and 13. 61% when compared with CK. Among them,
flower diameter in SS and S3 processing groups was obviously lar-
ger than that in other processing groups, and there was no signifi-
cant difference between S1, S2 and control group. Flower diame-
ter in 4 and S5 processing groups was smaller than control. The
main reason was that too high extract concentration could damage
the flower bud of the plant, and then affect the flowering quality of
Z. elegans. The results showed that the appropriate dilution con-
centration of the extract had a promoting effect on the flowers of
Z. elegans, and the best dilution concentration of the sludge ex-
tract for the flower diameter of Z. elegans was 600 times.

Flower yield is also another indicator to measure the quality
of flowers. Flower yield includes fresh weight and dry weight. The
study showed that the fresh weight results of Z. elegans flowers af-
ter applying the extracts of different concentrations were as fol-
lows: S3 >SS >82 >384 >S1 > CK >S5. Among them, fresh
weight of Z. elegans flowers in S2, S3 and SS processing groups
was obviously larger than CK, and they increased by 54.23% ,
41.90% , and 54.01% , respectively. When compared with CK,
fresh weight of flower in S1 and S4 processing groups increased by
14.25% and 14.45% , and fresh weight of flower in S5 processing
group was smaller than CK. Dry weight sequence of Z. elegans
flowers was: SS>S3 >S1 >S2 >54 > CK >S5. The dry weight of
flower in S3 processing group (1.94 g) was lower than SS pro-
cessing group (2.75 g), but was still higher than CK, and they
differed by 2.3 times. Except S5 processing group, dry weight of
flower in other processing groups was all higher than CK. There-
fore, spraying sludge extract with proper dilution concentration can
improve the yield of Z. elegans flowers and promote the unfolding

of flowers.
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Fig. 3  Effects of sludge extract application on flower yield and
flower diameter of Zinnia elegans

3.4 Biomass Flower biomass is the sum of plant quality and
flower yield. Seen from Table 1, biomass sequence of Z. elegans
processed by different dilution concentrations was: S3 >SS > S1 >
S2 >CK>$4 >S5, Biomass in S3 processing group was the high-
est (18.16 g), which increased by 24.63% than CK (14.57 ¢) ,
and biomass in S, S2 and SS processing groups was also higher
than CK. Mass rule of plant processed by different dilution con-
centrations was S3 >S1 >S2 >SS >CK >$4 >S5, and there was

no significant difference between plants. Moreover, biomass in $4
and S5 processing groups decreased than CK. It illustrated that too
high spraying concentration can inhibit the quality of Z. elegans.
Flower yield sequence was: S3 >SS >S1 >82 >4 >CK >S5,
and its rule was roughly consistent with biomass. When the con-
centration of sludge extract was too high, the flower yield in-
creased first and then decreased. Seen from the results of bio-
mass, plant mass and flower yield, the sludge extract can promote
the growth of Z. elegans, but it could inhibit its growth when the
dilution concentration was too high. Among them, dilution ratio in

S3 processing group was the best, with the most obvious effect.

Table 1 Effects of sludge extract application on plant weight of Zinnia

elegans g

Processing Plant mass Flower yield Biomass

CK 11.83 £3.06 a 2.74 £0.56 a 14.57 +1.61 ab
S1 13.17 +2.75 a 3.23+0.19 a 16.40 £2.23 b
2 13.13+£2.63 a 3.12+1.21 b 16.25+3.21 b
S3 14.25+2.14 a 3.91+0.78 b 18.16 £2.61 b
4 11.40 £0.93 a 2.94£0.67 b 14.34 £1.98 ab
S5 10.71 £0.46 a 1.37+1.04 a 12.08 +2.87 b
SS 13.00+1.73 a 3.78+0.41 b 16.78 +0.89 a

4 Discussion
Foliar fertilizer is a kind of fertilizer that plants absorb the
needed nutrients through foliar spraying during the growth process

1t could directly participate in me-

and then play a basic role
tabolism and organic synthesis, and its fertilizer effect is better
than that of soil fertilization. Foliar fertilizer could promote the
synthesis of plant photosynthetic pigments and photosynthetic in-

. According to

tensity, and make up for the lack of soil fertility
difference of specific components, foliar fertilizer could be divided
into six classes by the Ministry of Agriculture: macroelement wa-
ter-soluble fertilizer, microelement water-soluble fertilizer, amino
acid water-soluble fertilizer, humic acid water-soluble fertilizer,
agricultural and forestry water retaining agent, and others!”’.
According to the function, it is divided into nutritive and regulato-
ry type™’. Amino acid foliar fertilizer can not only promote plant
growth, but also prevent and control pests and diseases. It can
also chelate with trace elements to make full use of nutrients, so it
is widely used”’. Sludge is the waste discharged from the sewage
treatment plant, with a huge output, and it contains relatively rich
nutrients such as proteinm' . It can be prepared into amino acid
fertilizer and applied to agriculture and forestry to realize the re-
source utilization of sludge.

Among the amino acid water-soluble fertilizers developed in
the market at present, they need to be diluted 500 — 1 000 times
when applied™’. When studying the effects of plant growth regu-
lator on the growth and flowering of Z. elegans, Sun Chen
et al. ™ obtained that the dilution concentration of plant growth
regulator in Z. elegans planting was 800 — 1 000 times. Wang
Haibo et al. "' studied the effects of amino acid selenium foliar
fertilizer on growth quality of Muscat grape, and obtained that di-
lution concentration of amino acid selenium foliar fertilizer was be-
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tween 500 and 600 times. The research by Liao Haiyan et al. '
showed that when amino acid fertilizer was used in garden plants,
the dilution of 500 times had a better effect on the growth of grass

flowers and hanging plants. The research by Yuan Zuhua

1. =) showed that spraying amino acid water-soluble fertiliz-

et a
er on pepper and lettuce can significantly increase the number of
leaves, plant height, plant width and other growth indicators. Fan
Yanxia et al. "' studied the effects of several foliar fertilizers on
the ornamental effect of chrysanthemum, and it showed that spra-
ying foliar fertilizer had significant effect. Similar to the previous
research results, spraying sludge extract with appropriate dilution
concentration can better promote the growth of flowers. However,
when the concentration was too high, the phenomenon of drug
damage would occur, which could cause greater damage to plants
and thus inhibit their growth. The research by Gao Xiangbin

et al. P°73"

also showed that too low or too high application con-
centration was unfavorable to plant growth.

In this paper, Z. elegans was taken as research object.
Through plant height, stem diameter, flower yield, plant mass and
other growth indicators, the effect of sludge extract on the growth
of Z. elegans was judged, which could provide theoretical basis

for planting Z. elegans in the future.

5 Conclusions

Spraying the sludge extract with a dilution concentration of
600 times on Z. elegans can improve the quality and ornamental
value of its flowers, and the effect was close to or higher than that
of commercial foliar fertilizer. The further preparation of the
sludge extract into amino acid foliar fertilizer and its application in
the garden plants can realize the resource utilization of sludge,
bring economic benefits and provide a new way for sewage treat-
ment plants in China, with a good development and application
prospect.
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economic base, and the economic base determines the superstruc-
ture. Therefore, the essence of rural revitalization lies in the de-
velopment of productive forces, and the improvement of production
relations and the optimization of rural governance on this basis.
The development of rural productive forces promoted by the devel-
opment of new agricultural business entities, the evolution of rural
production relations on this basis, and the resulting changes in the
rural governance body and the optimization of governance struc-
ture, constitute a new foundation of rural revitalization and rural
governance in the new era. This not only reflects the dialectical
relationship between rural productive forces and production rela-
tions, economic base and superstructure, but also enriches and
develops a new rural governance system with the combination of
self-rule, rule of law and rule of virtue.

References

[1] GUO QH. Functional orientation of new agricultural business entities and
institutional supply of growth[J]. China Rural Economy, 2013, (4) .
4 —11. (in Chinese).

[2] CHEN XW. Accelerating the development of modern agriculture [ J ].
Theoretical Reference, 2013,(8) : 12 —14. (in Chinese).

[3] SONG HY, ZHAO H. Conceptual characteristics and institutional innova-
tion of new agricultural business entities [ J ]. New Financial Review,
2014,(3): 122 —=139. (in Chinese).

[4] CHEN XH. Vigorously cultivate new agricultural business entities: Speech
at the annual meeting of China Agricultural Economics Association[ ] ].
Agricultural Economic Issues, 2014, 35(1): 4 —=7. (in Chinese).

[5] Analysis of influencing factors and trend prospect of China’s agricultural
products trade [ EB/OL . (20170503 ) [ 2018-11-18 ].
http://finance. sina. com. ¢n/money/ future/ agri/2017-05-03/ doc-ifyetx-
ec7452237. shtml. (in Chinese).

[6] CHEN XW. The urgency of China’s grain supply side reform[ J]. China
Rural Discovery, 2016,(3): 1 =9. (in Chinese).

[7] China’s agricultural non-point source pollution is not optimistic, livestock
manure is the biggest source[ EB/OL]. China News Network. (2015-04-
14) [ 2018-11-18 ]. hitp://www. chinanews. com/gn/2015/04-14/
7206316. shtml. (in Chinese).

Sina. com.

0C@00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00

(From page 47)

[27] LI XM, LONG JJ, ZHOU Y, et al. Application and research progress of
foliar fertilizer[ J ]. Journal of Anhui Agricultural Sciences, 2017, 45
(3): 127 —=130. (iin Chinese).

[28] CAI JX, ZHANG PY, ZHANG GM. Research progress on reutilization
of protein from municipal sludge [ J]. Environmental Engineering,
2019, 37(3): 17 -=22. (in Chinese).

[29] KE YC, CAO M, YANG XF, et al. Effects of spraying different con-
centrations of organic silicon fertilizer on yield and quality of tropical
melon[ J]. Journal of Southern Agriculture, 2015, 46 (1) 53 - 57.
(in Chinese).

[30] SUN C, WANG KF, DONG R, et al. Effects of different plant growth
regulators on growth and florescence of Zinnia elegans[J]. Hubei Agri-
cultural Sciences, 2018, 57(4): 75 -=78. (in Chinese).

[31] WANG HB, WANG XD, YAO XY, et al. Application effect of amino
acid selenium leaf fertilizer on Muscat Hamburg grape[J]. Sino-Over-
seas Grapevine & Wine, 2011(5) ; 49 —51. (in Chinese).

[32] LIAO HY, TANG TL, LIANG T. Preliminary study on the effect of ap-

[8] ZHENG FT. How to make green the source power of agricultural supply-
side reform[ N]. Shanghai Securities News, 2017, (012). (in Chinese).
[9] Constitution of the People’s Republic of China[ EB/OL]. Xinhuanet.
(2018-03-22 ) [ 2018-11-18 ]. http://www. xinhuanet. com/politics/
20181h/2018-03/22/¢_1122572202. htm. (in Chinese).
[10] FENG XY, KE RS, LI RQ. Village-level organizations and village gov-
ernance in China[ M].
Chinese) .

[11] Revitalize collective assets, increase development vitality and let farmers

Beijing: China Social Sciences Press, 2009. (in

share the fruits of reform and development. Official website, Ministry of
Agriculture of the People’s Republic of China[ EB/OL]. (2017-01-03)
[ 2018-11-18 ]. hitp://jiuban. moa. gov. cn/zwllm/tpxw/201701/
120170103 _ 5423298. htm. (in Chinese).
[12] At the end of 2016, there were 1.794 million farmers’ professional coop-
eratives in China[ EB/OL]. China Information Network. (2017-03-24)
[2018-11-18]. hitp://www. ce2293. com/show. asp? ID = 2911. (in
Chinese) .
Special regulations to support new agricultural business entities; A num-
ber of dividends will land[ EB/OL]. Yangguang. com. (2017-04-28)
[2018-11-18]. http://country. cnr. cn/mantan/20170428/120170428 _
523730606. shtml. (in Chinese).
[14] Xi Jinping presided over the thirty-fourth meeting of the Central Leading

[13

[

Group for Comprehensively Deepening Reform, emphasizing expanding
the breadth and depth of reform supervision work and improving the ef-
fectiveness of finding and solving problems[ EB/OL]. CCTV. (2017-
04-19) [ 2018-11-18 ]. http://cpc. people. com. cn/shipin/nl1/2017/
0419/¢243247-29222707. html. (in Chinese).

XUE Y, TAO Y, ZHANG CQ. American experts say that the modern

industrialized agricultural model is unsustainable[ EB/OL]. Xinhuanet.

(20150607 ) [ 2018-11-18 ]. http://www. xinhuanet. com//world/

2015-06/07/¢_1115536720. him. (in Chinese).

[16] DANG GY. Review and prospect of rural governance reform in China
[J]. Social Science Front, 2008,(12): 23 —27. (in Chinese).

[17] WANG SC. Cultivating core subjects for modern agricultural construction
[EB/OL]. China Net. (2013-04-24)[2018-11-18]. http://finance.
cnwest. com/ content/2013-04/24/ content_9050834. htm. (in Chinese).

[18] ZHANG HY, LI WY. New agricultural business entities: Present situa-
tion and development[ J]. China Farmers Cooperatives, 2014, (10):
48 —51. (in Chinese).

[15

[

0OG00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S0

plying amino acid fertilizer to garden plants[ J]. Southern Horticulture,
2013, 24(4): 25 -26. (in Chinese).

[33] YUAN ZH, DING ZY, DENG GQ. Effects of amino acid fertilizer on
production trait of pepper[J]. Journal of China Capsicum, 2006 (4 ) .
32 -33. (in Chinese).

[34] SHENG YN, YANG YJ, CHEN LP. Effect of foliar application of ami-
no acid water soluble fertilizer on yield and quality of lettuce[ J]. Liaon-
ing Agricultural Sciences, 2019(4) : 29 —31. (in Chinese).

[35] FAN YX, LIU SF, JI H, et al. Effects of different foliar fertilizers on
the ornamental effect of Chrysanthemum [ J]. Northern Horticulture,
2010(10) ; 130 —=131. (in Chinese).

[36] GAO XB, ZHANG XS, LIU T, et al. Effect of different liquid fertilizer
on bhiomass of Tagetese recta | J]. Northern Horticulture, 2009 (9) .
152 —=153. (in Chinese).

[37] WANG SY, LIN PK, WANG HK, et al. Influence of soil with addition
of municipal sludge on growth of Zoysia matralla and Cosmos bipinnatus
[J]. Chinese Journal of Environmental Engineering, 2015, 9 (1):
374 —380. (in Chinese).



