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Abstract: Potassium fulvic acid and diethyl aminoethyl hexanoate (DA-6)
are two kinds of growth regulators with yield increasing and quality
improving. There are few reports on the effects of adding potassium fulvic
acid and DA-6 in nutrient solution on the growth of soilless culture of
vegetables. In this study, tomato was used as the test material to add different
concentrations of potassium fulvic acid (0, 15, 30 mg-L™) and DA-6 (0, 2.5,
5 mg-L™Y) into nutrient solution of total nutrient minerals, so as to study the
effects of adding two growth-regulating substances to nutrient solution of
total nutrient mineral on the growth, yield and quality of tomato in soilless
cultivation with rock wool in solar greenhouse. The results showed that: With
no addition of potassium fulvic acid and DA-6 as the control, in the early
stage of bearing fruit, the potassium fulvic acid added with 30 mg-L™
nutrient solution alone had an inhibitory effect on tomato plant height and
the inhibition could be alleviated by adding DA-6. When 30 mg-L!
potassium fulvic acid and DA-6 were added together, the fresh quality of
single stem and dry quality of single leaf in the early and middle stage of
tomato bearing fruit were significantly improved. 15 mg-L~* potassium
fulvic acid and 2.5 mg-L~! DA-6 had the best effect on the total yield of a
single plant, which was 21.77% higher than that of the control. 15 mg-L™!
potassium fulvic acid and DA-6 could significantly increase the C content
and sugar acid ratio of tomato fruit. To summarize, 15 mg-L~* potassium
fulvic acid and 2.5 mg-L™* DA-6 showed synergistic effect, which has the
best improvement effect on the growth, yield and quality of best.
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Liu et al. (2019) reported that the number of bacteria,
fungi and actinomycetes in soil increased significantly
by the use of fulvic acid fertilizerand finally reached the
maximum when the application amount was 6 g/kg. The

Introduction

Fulvic acid is a plant growth regulator extracted from
natural humus, which can dissolve in acid, alkali and

water. Its molecular weight is small and is easy to be
absorbed by plants with high chemical activity and
biological activity. It is widely used in agriculture and
has good effect (Stevenson, 1994; Justi et al., 2019).
Fulvic acid has the characteristics of increasing fertilizer
utilization, improving soil physical and chemical
properties, promoting crop growth and improving drought
resistance, which has been widely used in wheat, cabbage,
peanut and achieved good results (Baigorri et al., 2009;
Canellas et al., 2015; De Pascale et al., 2017). For
instance, Xiao et al. (2004) found that Composite
systems of surfactants and fulvic acid could significantly
improve B and Mn uptake of cabbage and peanut leaf.
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activity of four soil enzymes was promoted by fulvic
acid fertilizer, especially for that of catalase, which
showed the most significant promoting effect.

Diethyl aminoethyl hexanote, also known as DA-6, is a
plant growth regulator discovered by American scientists in
the 1990s (Nkansah et al., 2018; Moayedi et al., 2019). It
can promote the germination of plant seeds and growth
of seedlings, improve the photosynthetic performance of
crops and improve the quality of crops (Xu et al. 1995;
Li et al. 2000). DA-6 can also improve the regeneration
rate of tissue culture, accelerate the growth of
adventitious buds, promote the growth of Chlorella and
increase the content of fatty acids and also enhance the
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stress resistance and salt tolerance of plants (Chen et al.,
2013; Li et al., 2018; Chzhu et al., 2020). For example,
Jiang et al. (2015) investigated that DA-6 accelerated the
microalgae growth and simultaneously improved the
quality and quantity of lipid for biodiesel production.
Zhang et al. (2014) confirmed that the mixture of
ethephon and diethyl aminoethyl hexanoate (DA-6) could
improve lodging resistance and yield in maize.In addition,
a mixture of DA-6 and indole-3-acetic acid could promote
the growth and fatty acid content of some microalgae for
biodiesel production (Salama et al., 2017).

Most of the existing researches are limited to the soil
cultivation mode and few of them have been reported in
the application of soilless cultivation nutrition. Solar
greenhouse is the main facility for fruit and vegetable
cultivation in Huang Huai Region. Since the great
changes of environmental conditions in early spring and
summer may affects the soil cultivation of fruits and
vegetables, especially the soilless cultivation, this study
was aimed at researching the effects of potassium
fulvic acid and DA-6 added to soilless culture nutrient
solution on the growth, yield and quality of rock cotton
tomato, in order to explore the feasibility of convenient
application of these two growth regulators in soilless
culture in the solar greenhouse.

Experimental Materials and Methods
Experimental Material

The tomato variety used in the experiment was
"Shuangkang 38", which was cultivated by Henan
Agricultural Vocational and technical college. The size
of rock wool block used for tomato seedling is 10x10x5
cm; the specification of rock wool bag for tomato
cultivation is 100x25x7 c¢cm and the density of rock wool
block for seedling and bag for cultivation is 110 kg-m™3.
It is made of hydrophilic rock wool board produced by
Zhengzhou Datang refractory and thermal insulation
material Co., Ltd. Potassium fulvic acid with purity =
30.0% is produced by Xinjiang Shuanglong Humic Acid
Co. Ltd. DA-6 with purity = 98% is produced by
Zhengzhou Zhengshi chemical products Co., Ltd. The
formula of basic nutrient solution used in the experiment
was: Calcium nitrate tetrahydrate 565 mg-L~, potassium
nitrate 779 mg-L?, Potassium Phosphate Monobasic 409
mg-Lt, Ammonium dihydrogen phosphate 40 mg-L7,
Urea 40 mg-L™, magnesium sulfate 359 mg-L?! and
phosphoric acid (content 85%) 0.203 ml-L™. A large
number of elements are agricultural grade purity and
trace elements are chemical purity.

The type of nutrient solution water pump used in the
test is DB-3000, voltage 220-240V, power 60W and the
maximum water output 2500 L-hl, which is
manufactured by Jinlijia Mechanical and Electrical Co.,
Ltd. Microcomputer time control switch type is KG316T,
manufactured by Delixi Group Co., Ltd.
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Table 1: Concentration and number of experimental treatment

Potassium fulvic

Treatment acid /mg-L! DA-6/mg-L~!
MoDo (Control) 0 0

MoD2.s 0 2.5

MoDs 0 5

MisDo 15 0

MisD2s 15 2.5

MisDs 15 5

M30Do 30 0

M30D2.5 30 25

M30Ds 30 5

Experimental Design

In this experiment, potassium fulvic acid and DA-6
were added to the basic nutrient solution with three levels
of content respectively, nine treatments in all. Complete
randomized block test design was adopted. Each
community was made up of 8 rock wool bags, 1.7m row
space between rock cotton cultivation bags, 13.6 m? plot
areas and repeated three times. The concentration and
code used for treatment are shown in Table 1.

Experimental Method

The test site is located at No.3 solar greenhouse,
Maozhuang science and education experimental Park,
Henan Agricultural University, at 34°16'n and 113°30°E.
On September 15, 2015, tomato was seeded in
vermiculite matrix after germination. When it grew to
"two leaves and one heart", it was seeded to rock wool
block for seedling and then cultured in nutrient liquid
film cultivation tank. On October 30, 2015, when the
root system of the seedlings extended to the bottom of
the rock wool block, they were planted in rock wool
bags with a cultivation density of 4 plants-bag, that is,
32 seedlings were cultivated in each plot. Each treatment
used 150 L plastic bucket to contain nutrient solution,
equipped with a water pump for liquid supply. The
whole test used a timer to control the water pump. The
solution supply system of rock cotton cultivation refers
to the method of Xu et al. That is, the nutrient solution is
not supplied in the first week after planting; the solution
is supplied twice a day before flowering and fruit setting
and four times a day after flowering (Xu et al., 1995).
The amount of liquid supplied per day depends on the
size of tomato plants and weather conditions. In sunny
days, the liquid supply increased from 80 ml-D-strain™®
to 1500 ml-D*-strain? with the growth of plants. In
cloudy days, the liquid supply is reduced by 30% and in
cloudy days by 50%. 130% liquid supply is carried out
once a week to prevent salt accumulation. The EC Value
of nutrient solution was 1.8 ms-cm from planting to
fruit setting; 2.2 ms-cm=* from fruit to harvest and 2.5
ms-cm™ from harvest to seedlings. The pH of nutrient
solution was maintained at 5.5-6.5. The environmental
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temperature of greenhouse is the same as that of soil
cultivation in daytime and 1-2°C higher than that of soil
cultivation in nighttime. Tomato was pruned with single
vine and 6 ears of fruit were picked. Other management
is the same as common soil cultivation.

Five plants were randomly selected from each plot
on March 12, 2015 (early stage of fruit bearing), April
25 (middle stage of fruit bearing) and June 19, 2015
(late stage of fruit bearing) respectively to determine
the plant height and stem diameter of tomato. Three
plants were randomly selected from each plot on
March 12, April 25 and June 19, 2015 separately to
determine the fresh and dry quality of the stems and
leaves of the aboveground tomatoes. Different
inflorescences of tomatoes were harvested in batches
when they were mature. The yield before April 28 was
recorded as early yield. The yield from April 29 to
May 28 was recorded as middle-term yield of the
result. The yield from May 29 to June 17 is recorded
as the later yield of the result. On April 28, the quality
of fruit was measured at the third harvest.

Measurement Items and Methods

Tomato plant height (from stem base to plant growth
point) was measured with millimeter scale (unit: cm).
The dry and fresh weight of plant stems and leaves were
measured with analytical balance: After weighing the
fresh weight with balance, green removing for 15min at
105°C and dried at 85°C until the constant weight for
weighing dry mass. Fruit harvest is calculated by single
plant yield (unit: g). The content of organic acid in fruit
was determined by NaOH titration. The formula was:
total acidity = {(V1*V*N*K*a)/(V.*W)}*100% (V1
was the total volume of sample extract (ML). V2 is the
volume of filtrate from titration stone lock (ML); V is
the volume of NaOH standard solution consumed in
titration (ML). N is the concentration of NaOH standard
solution (mol*L™1). K is the coefficient for converting
total acid to specific organic acid: Malic acid
0.067, citric acid 0.064, tartaric acid 0.075, lactic acid
0.090, oxalic acid 0.045. A is the dilution ratio; W is
Fresh weight of sample (g)). Molybdenum blue
colorimetry was used for vitamin C calculation and the
calculation formula is Vitamin C content (mg/g) =
{(Va-Ve)*C*T}(D*W)}*100% (VA is the average
milliliter of fuel for titration sample (ml); VB is the
average milliliter of dye for titration blank control(ml); C
is the total milliliter of sample extraction solution(ml); D
is the milliliter of sample extraction solution for
titration(ml); T is the milligram(mg) of ascorbic acid
that can be oxidized by 1ml of dye; W is the weight of
sample to be tested (g)). The content of soluble sugar
was determined by anthrone colorimetry and the
calculation formula is C = A*N/W (C is the soluble
sugar content of the sample (mg-g™%); A is the amount
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of soluble sugar obtained in the standard curve (ug); N is
the dilution ratio; W is the weight of the sample (g)).
Specific methods refer to the method of Li et al. (2000).

Statistical Analysis

SPSS20.0 software was used for data statistical
analysis and LSD test was used for multiple comparison
of significance analysis (P < 0.05).

Results

Effects of Potassium Fulvic Acid and DA-6 on plant
Height and Stem Diameter of Tomato

According to Table 2, there is no significant
difference among M3oDo, M15Ds and M3oD25 on March
12, which were significantly lower than MyDo and
other treatments. There was no significant difference
between different treatments on April 25 or June 19.
The results showed that the nutrient solution adding
30 mg-L! potassium fulvic acid alone had an
inhibitory effect on tomato plant height in the early
stage of fruit bearing and the addition of DA-6 could
alleviate the inhibitory effect.

The Effect of Potassium Fulvic Acid and DA-6 on
the Quality of Tomato Stem and Fresh Leaves

It can be seen from Table 3 that, compared with the
control, each treatment has no significant effect on the
fresh weigt of stems in the early and later stage of the
result as well as the quality of stems in the whole fruit
bearing period. Only in the middle of the fruit
bearing, the fresh weight of MisDg, Ms3iD2s and
M3oDs were significantly higher than that of MoDo. It
can be seen from Table 4 that, compared with the
control, the single or combined addition of potassium
fulvic acid and DA-6 has no significant effect on the
quality of fresh leaves in the whole fruit bearing
period. It can be seen from the early period of fruits,
except MoD2s, the dry weight of the other treatments
was significantly higher than that of the control. In the
middle stage of the fruit bearing, the leaves dry
weight of M1sD25 and M3oDs was significantly higher
than that of the control. There was no significant
difference in the later treatments. The results showed
that the fresh quality of single plant stem in the
middle stage of fruit bearing could be significantly
improved by adding low concentration of potassium
fulvic acid (15 mg-L™!) or high concentration of
potassium fulvic acid (330 mg-L™') as well as DA-6 in
nutrient solution alone. The combination of potassium
fulvic acid and DA® (15 mg-L~! and 2.5 mg-L?, 30
mg-L~* and 5 mg-L™?) significantly improved the dry
quality of single leaf in the early and middle stage of
tomato fruit bearing.
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Table 2: Effects of potassium fulvic acid and DA-6 on plant height of tomatoes

Plant height/cm

Treatments March 12 April 25 June 19
MoDo 90.0a 122.75a 199.0a
MoD2s 86.1a 121.25a 172.8a
MoDs 92.0a 127.5a 183.3a
M15Do 88.7a 129.25a 189.8a
MisD2.5 89.3a 129.75a 181.0a
M15Ds 83.3ab 116.88a 190.0a
M30Do 77.0b 129.25a 188.8a
M30D25 84.3ab 132.50a 172.0a
M30Ds 91.0a 126.8a 201.8a
Table 3: Effects of potassium fulvic acid and DA-6 on the stem fresh and dry weight of tomatoes

Fresh weight of single stem/g Dry weight of single stem/g
Treatments March 12 April 25 Junel 9 March 12 April 25 June 19
MoDo 90.00abc 98.08c 232.67a 12.25a 13.05a 30.00a
MoD2s 83.08bc 110.08bc 190.67a 11.85a 15.38a 30.17a
MoDs 85.67bc 104.75¢ 208.33a 13.33a 14.37a 34.70a
M15Do 92.75ab 125.42ab 232.67a 12.00a 15.42a 34.95a
MisD2s 91.5abc 110.00bc 233.00a 11.75a 13.42a 37.32a
M1sDs 85.83bc 103.33c 224.33a 12.00a 14.38a 35.48a
M30Do 84.35hc 113.00bc 240.00a 12.28a 15.63a 33.25a
M30D25 81.58¢ 130.50a 221.33a 11.75a 16.82a 41.60a
M30Ds 99.58a 123.50ab 258.33a 12.78a 16.69a 32.66a
Table 4: Effects of potassium fulvic acid and DA-6 on the leaf fresh and dry weight of tomato

Fresh weight of leaves per plant/g Dry weight of leaves per plant/g
Treatments March 12 April 25 June 19 March 12 April 25 June 19
MoDo 162.17ab 174.58a 260.33a 21.00c 24.81c 33.76a
MoDa2s 159.17ab 173.5a 246.67a 19.17c 25.64abc 38.33a
MoDs 168.83ab 181.42a 235.00a 22.68ab 25.55hc 37.78a
M15Do 171.08ab 193.92a 287.00a 23.00ab 26.57abc 37.26a
MisD2s 185.50a 190.00a 283.00a 23.33ab 30.77ab 44.35a
M1sDs 159.42ab 199.17a 291.67a 24.35ab 26.70abc 41.91a
M30Do 143.92b 200.67a 251.00a 23.68ab 28.30abc 35.30a
M30D25 152.42b 195.11a 337.67a 23.93ab 30.06abc 44.75a
M30Ds 186.33a 206.00a 320.00a 25.99a 31.206a 45.03a

Effect of Potassium Fulvic Acid and DA-6 on Yield
per Plant

It can be seen from Fig. 1A that the addition of DA-6
(treatments MoD2s and MoDs) to nutrient solution alone
has little effect on the early-stage yield of tomato. The
other combinations can significantly improve the early-
stage yield, where M1sD, 5 has the best effect and there is
no significant difference with MyD>s. As shown in Fig.
1B, M¢Ds, M1sDsand MisD2s were significantly higher
than the control and MisD2s had the best effect,
significantly higher than other treatments. While the
combination of high concentration potassium fulvic
acid and DA-6(Ms3Ds) inhibited the medium-term
yield. In terms of the output at the later stage of the
fruits (Fig. 1C), except for MeDs and MisDo, other
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treatments were significantly higher than MgDo, among
which MisDs had the best effect and there was no
significant difference with MisD25 and MsoDo. In view
of the total yield (Fig. 1D) and compared with the
control, the treatment of MoDs, M1sDg, M1sD25, Mi1sDs,
M30Dg and MsoD2 s significantly improved the total yield
of tomato per plant. Among them, MisD,. showed the
best performance and increased by 21.77% compared
with the average yield of MoDo. The above results show
that different combinations have different effects on yield
in different fruits periods. Adding potassium fulvic acid
(15, 30 mg-L™) alone can significantly increase the early
stage yield and adding high concentration potassium
fulvic acid (30 mg-L™?) alone can significantly increase
the late stage yield. Adding high concentration of DA-6
(5 mg-L™Y) alone can significantly increase the mid-



Xiao Huaijuan et al. / American Journal of Biochemistry and Biotechnology 2020, 16 (2): 162.169
DOI: 10.3844/ajbbsp.2020.162.169

term stage yield, while adding low concentration of
DA-6 (2.5 mg-L™1) alone can significantly increase the
late stage yield. The combination of high concentration
potassium fulvic acid (30 mg-L™!) and DA-6 can
significantly increase the early and late yield. However,
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Fig. 1: Effects of potassium fulvic acid and DA-6 on the average yield per plant; (a) Average yield per plant in the early stage; (B)
Average yield per plant in the medium stage; (C) Average yield per plant in the late stage; (D) average total yield per plant

Table 5: Effects of potassium fulvic acid and DA-6 on the fruit quality of tomatoes

Treatment Soluble sugar/% Vitamin C/(mg-100g) Organic acid/% Sugar acid ratio
MoDo 11.34ab 16.72c 0.29cd 36.61cd

MoDz2.s 11.67ab 21.74a 0.41a 29.96e

MoDs 10.38b 16.72c 0.37ab 27.48¢e

Mz5Do 11.33ab 20.07ab 0.34bc 32.5de

Mi5D25 10.96ab 19.73ab 0.26d 47.05a

Mz15Ds 12.54a 21.07a 0.31bcd 44.38ab

M3oDo 12.57a 17.06¢ 0.27d 47.37a

MzoD25 12.01ab 18.39hc 0.31bcd 38.46bcd
M30Ds 11.64ab 18.06bc 0.28cd 41.74abc
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Effect of Potassium Fulvic Acid and DA-6 on the
Fruit Quality of Tomatoes

It can be seen from Table 5 that the effect of
potassium fulvic acid and DA-6 on the content of soluble
sugar is not obvious. The content of vitamin C in MoD2s,
M315Do, M1sD2s and M1sDs was significantly higher than
that MoDo, which showed that the content of vitamin C
in tomato fruits could be significantly increased by
adding low concentration of potassium fulvic acid (15
mg-L~') or DA-6 (2.5 mg-L™"), or low concentration of
potassium fulvic acid (15 mg-L™!) combined with DA-
6. The content of titratable acid in MoD2s and MDs
was significantly higher than MgDo. There was no
significant difference in other treatments. The sugar
acid ratio of MisDos, MisDs and MsDo was
significantly higher than that of MoDy, indicating that
the sugar acid ratio of fruit could be significantly
increased by adding high concentration (30 mg-L™')
potassium fulvic acid alone, or low concentration (15
mg-L!) potassium fulvic acid combined with DA-6. In
conclusion, the low concentration of potassium fulvic
acid (15 mg-L™) combined with DA-6 (M3sD2s and
M3isDs) can significantly increase the vitamin C content
of tomatoes; the sugar acid ratio of fruits is improved
and the quality is increased.

Discussion

Soilless cultivation is a kind of crop cultivation
technology developed in recent years and the core of
soilless cultivation is nutrient solution, which is the most
important way for plants to obtain nutrients and directly
affects plant growth, fruit yield and quality (Signore,
2008; He et al, 2017). In recent years, with the
deepening of plant nutrition research, the research on
beneficial nutrients, growth regulators and growth
stimulants for crop growth, yield, disease resistance,
stress resistance and quality improvement has gradually
increased (Gao et al., 2017; Ma et al., 2018). Potassium
fulvic acid and DA-6 as two plant growth regulators are
also widely used. Chen and Ji (2019) added different
concentrations of fulvic acid (0, 0.25,0.5and 1 g-L™) to
the nutrient solution and found that the plant height,
fresh leaf weight and dry weight of lettuce increased first
and then decreased with the increase of fulvic acid
content, while there was no significant difference
between plant height (Chen, 2019). Gaowei et al. (2017)
found that the yield and dry matter quality of tomato
increased significantly with the increase of potassium
fulvic acid application (Gao et al., 2017). The results of
Qi et al. (2019) showed that the yield of potato could be
significantly increased by spraying DA-6 on the leaves
of seedlings. In this study, potassium fulvic acid and DA-

167

6 were added on the basis of basic nutrient solution. It
was found that the addition of two substances alone or in
combination had no significant effect on the plant height
in the medium and later stage of the result. Different
concentrations of potassium fulvic acid and DA-6 had no
significant effect on the quality of stem and fresh leaves
of tomato plants, but on the quality of stem and dry
leaves. The results showed that potassium fulvic acid
could improve the water holding capacity of plants and
promote the accumulation of dry matter in leaves.
Among them, 15 mg-L? potassium fulvic acid and 2.5
mg-L™' DA-6 had the best effect on increasing plant
biomass and fruit yield. These results are consistent. This
is consistent with the above researches.

Vitamin C, soluble sugar and titratable acid are
important indexes reflecting quality. It was found that the
appropriate concentration of potassium fulvic acid or
DA-6 could increase the content of vitamin and the ratio
of sugar to acid. Among them, 15 mg-L~! potassium
fulvic acid and 25 mg-L' DA-6 had the best
comprehensive effect. It has been found that fulvic acid
can complex trace elements, form fulvic acid trace
element complex, improving the absorption and
transport capacity of plants for trace elements. However,
the content of vitamin C is closely related to some trace
elements, thus indirectly increasing the content of
vitamin C (Chen and Ji, 2019). However, the sugar
increasing effect of potassium fulvic acid or DA-6 is not
obvious, which is not consistent with the results of
previous studies that DA-6 can improve the sugar
content of products (Gao et al., 2017). Chen et al. found
that 0.25 and 0.5 g-L! potassium fulvic acid could
significantly improve the soluble sugar content of lettuce
compared with the potassium fulvic acid. However, the
content of 1 g-L* decreased significantly.

Conclusion

In this study, there was no significant effect on the
plant height of tomato in different periods, whether
adding potassium fulvic acid alone or combining it with
DA-6 to the nutrient solution. In the early stage of
bearing fruit, during which the temperature is lower,
adding high concentration of potassium fulvic acid (30
mg-L™) had obvious inhibitory effect on the plant height
of tomato and the fresh quality of tomato stem and leaf
was not significantly affected. But the accumulation of
leaf dry weight was different and significantly higher
than that in the control in the early stage of bearing fruit.
However the difference was not obvious in the late stage
of brearing friut. As for the effect on tomato yield, high
concentration of potassium fulvic acid and DA-6 can
significantly improve the yield of tomato in the early and
late stages of bearing fruit and low concentration of
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potassium fulvic acid and DA-6 can significantly
improve the total yield of tomato. In this experiment, the
application effect of potassium fulvic acid and DA-6
was verified by adding them to nutrient solutionin in
soilless cultivation of tomato and the synergistic effect
and optimal concentration ratio were preliminarily
identified, which provided reference for the scientific
and convenient application of potassium fulvic acid and
DA-6 in soilless cultivation. In future, we will study the
mechanism of synergistic effect of potassium fulvic
acid and DA-6 on the growth, yield and quality of
tomato, so as to provide scientific basis for their
application in production.
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