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Abstract 

DCPTA (2-diethylaminoethyl-3,4-dichlorophenylether) is one of the most representative tertiary compounds and appears to 

have the potential for biochemical manipulation of plant growth. Here we presented effective spray treatment method to 

soybean (Glycine max L.) seeds and revealed that DCPTA spray treatment influenced plant growth and increased the yield of 

soybean. The suitable concentration of DCPTA was 10 mg/L. 60~70 kg of soybean seeds was evenly sprayed with 1 L amount 

of DCPTA diluent and covered with plastic sheet for 0.5~1 h. After soybean seeds absorbed DCPTA diluent sufficiently, they 

were dried under the shade condition and sowed. Compared with the control, application of 10 mg/L DCPTA seed spray 

treatment increased significantly the length of primary shoot and root of germinated seeds, and shoot dry weight, root dry 

weight, the number of nodules, weight of nodules were enhanced 110.5%, 111.9%, 132.8%, 119.2%, respectively at the 

vegetative growth stage. During a period between the ending of vegetative growth and the beginning of reproductive growth 

stage, the height of soybean was decreased and the numbers of branches were increased clearly. DCPTA spray treatment clearly 

increased the yield of soybeans, especially the highest yield (2475 kg) of seeds was observed in the treatment of 10 mg/L 

DCPTA compared with the control. The yield of soybean increased to 128%, thus, we confirmed that seed spray treatment by 

DCPTA is effective, eco-friendly and successful way in order to increase the soybean yield. 
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1. Introduction 

DCPTA is a new plant growth regulator which is widely 

used to regulate the growth and development of crops in the 

world. DCPTA is one of the most representative tertiary 

compounds and has strong abilities to regulate photosynthe-

sis of the plants and the activity of relative enzymes [2, 10, 

11]. DCPTA treatment can speed up seedling growth, chlo-

rophyll content increase, and the ability of photosynthesis in 

different plants, which indicates that DCPTA may be in-

volved in the regulation of some photosynthetic reactions [1, 

3, 16]. 

DCPTA treatment results in greater biomass accumulation, 

increased plant height, fruit yield, etc. in cotton, sugar beet, 

tomato, eggplant, etc. In cotton (Gossypium hirsutum), 

DCPTA appears to have the potential for biochemical ma-
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nipulation of plant growth. As compared with the control 

plants, photosynthesis of DCPTA-treated plants was in-

creased by 21%, and biomass was almost doubled [3]. 

Moreover, DCPTA-treated plants had earlier flowering and 

more squares and bolls than the control plants. Foliar appli-

cation of DCPTA significantly increased the taproot devel-

opment, leaf development, and the photosynthetic productiv-

ity of sugar beet (Beta vulgaris) [9]. 

In tomato (Lycopersicon esculentum) application of 30 

µM (10 mg/L) DCPTA as a pre-germination seed treatment 

increased the mean relative growth rates of leaves, stems, 

and roots, 37%, 16%, and 20%, respectively, during vegeta-

tive growth [8]. In eggplant (Solanum melongena) harvested 

107 days after seed planting, the total fruits per plant, har-

vestable yield, and harvest index (dry weight basis) of 3 and 

30 µM DCPTA-treated plants were increased significantly 

(p<0.05) when compared with the control [10]. 

Studies on horticultural crops and other plants were re-

ported. A 26 µM DCPTA seed treatment for guayule (Par-

thenium argentatum Gray) was studied [4]. They obtained a 

23% increase in germination rate and exhibited a 22% in-

crease in dry weight and a 95% increase in survival rate un-

der water-limiting conditions. Application of DCPTA to 

seedling Phalaenopsis plants increased seeding survival, 

long-term vegetative plant growth, and greatly accelerated 

flowering when compared to controls [7]. Shoot growth, root: 

shoot ratio, and the survival of DCPTA-treated transplanted 

Orchid were increased significantly. After 3 to 6 months of 

greenhouse growth, plants treated with 30 µM DCPTA pro-

duced a 2- to 3-fold increase in root growth compared to the 

controls [6]. 

DCPTA stimulated growth on red pine (Pinus resinosa L.) 

germinant and one and two-year-old seedlings, mainly to 

foliage and stems at 10 mg/L [13]. 

DCPTA application significantly increased the grain 

number of grains per ear and thousand-kernel weight in 

maize, and contributed to the increase in yield. This effect 

may have occurred because DCPTA improves canopy func-

tion and delays leaf senescence to support grain filling and 

increases the kernel number per ear and grain weight [5, 12]. 

Some studies showed that DCPTA could speed up seedling 

growth, increase chlorophyll content and improve photosyn-

thesis in different plants, which indicated that DCPTA par-

ticipated in regulation of photosynthetic reaction [15]. To-

gether, exogenous DCPTA improved plant growth and 

drought tolerance by regulating N-mechanism enzymatic 

activities involved in transcription and enzymatic protein 

synthesis. And DCPTA-treated maize seedlings caused an 

increase of soluble sugar, which gave a good foundation for 

the higher dry matter accumulation and transportation [14]. 

The crop plant soybean is one of the main sources of veg-

etable oil and protein, and ranks first in the world in vegeta-

ble oil production. The legume species soybean (Glycine 

max L.) originated in East Asia, and is now widely grown, 

being the primary oilseed crop in the world, with the Brazil, 

Argentina, India and China being the main soybean-growing 

countries. The area where soybean is grown has increased 

significantly in recent years [17]. However, it is noteworthy 

that, despite this, demand for plant protein, oil and food are 

increasing in the world, and further improvements in soy-

bean production are essential. 

Application of DCPTA increased the soybean yield and 

caused significant increases in lipid (triglyceride) and protein 

content of soybean [16]. DCPTA was applied at concentra-

tion levels of 80 mg/L and 120 mg/L to the developing plants 

initially at the first leaf stage and again at the four-leaf stage. 

At the lower concentration level (80 mg/L) DCPTA caused a 

more significant response pattern than the higher concentra-

tion level (120 mg/L). They observed a 68% increase in pro-

tein content, accompanied by a 20% increase in lipid content. 

At the same time, DCPTA caused a significant increase 

(35%) in the yield of seeds. At the higher concentration level 

of 120 mg/L DCPTA affected only protein accumulation, 

and no effect was observed on lipid content and yield of 

soybean. So the more appropriate concentration level for 

DCPTA appears possibly to be in the still lower range with 

80 mg/L at the upper end. 

In the above studies, DCPTA was applied as either a seed 

treatment or as a foliar spray to early seedling plants just after 

they emerged from the seed. Also there were a few documents 

that DCPTA applied on soybean and foliar spray methods were 

used mainly. Foliar applications require a great volume of water 

and agrochemicals and expensive labors. It is important to es-

tablish the application method of DCPTA because of economic 

effectiveness of the investment. 

Based on the previous data that DCPTA influenced growth, 

development and yield of plants, we suggested seed treat-

ment methods. However, soaking treatment couldn’t apply to 

soybean seeds. Because soybean seeds, which are treated by 

soaking and absorb a great deal of water, result in some 

problems in dealing and seedling of seeds. 

Thus, we suggested newly spray treatment of soybean 

seeds, not soaking treatment method and also examined the 

effects of seed spray treatment with DCPTA on the growth 

and yield of soybean. 

2. Materials and Methods 

2.1. Materials 

The soybean cultivar “Kong 24”, widely grown in DPRK, 

was employed in this study. DCPTA was obtained from China 

Zhengzhou Zhengshi Chemical Company, Ltd. Then DCPTA 

was diluted with distilled water containing 0.02% (v/v) 

Tween-20 in different concentration (0, 5, 10, 20 mg/L). 

2.2. Spray Treatment of Soybean Seeds 

60~70 kg of soybean seeds were evenly sprayed with the 

amount of 1 L DCPTA diluent and covered with plastic sheet 
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for 0.5~1 h. After soybean seeds absorbed DCPTA diluent 

sufficiently, they were dried under the shade condition and 

sowed. 

2.3. Measurement of Seed Germination and 

Seedling Growth Index (SDI) 

The elite soybean seeds treated were incubated in Petri 

dishes on two layers of filter paper and 20 ml of distilled water 

was added. The germination experiments were performed at 

15, 25°C and 60% relative humidity under dark conditions; 

the germination rates were recorded every day for 6 days. For 

each germination test, 100 soybean seeds were used, and three 

experimental replications were performed. 

After 6d of incubation, primary root and shoot length of the 

germinated seeds were measured. 

The germinated soybean seeds were transferred into pots and 

grown in greenhouses under 25°C with 16 h light and 8 h dark 

conditions. Subsequently, the primary seedling establishment 

rate, height, shoots dry weight, roots length, roots dry weight and 

number of nodule were determined after seedling for 25 days, 

and the dry weights were taken after the samples were ov-

en-dried at 80°C for 48 h. The plant pots were placed in a com-

pletely randomized design with three replicates. 

2.4. Plot Experiment 

Plot Experiments were replicated four times in two field 

locations. Plants were cultivated using conventional furrow 

irrigation and N-P-K application methods for commercial 

soybean production according to concerned area. 

All the planting, maintenance, and harvesting operations 

were carried out according to the concerned area technical 

instructions issued by the Juche farming methods. Necessary 

data taken included the number of pods, the number of seeds 

in pods, 1000 seed weight, and seed yield (obtained by ex-

cepting the boundary effects and through taking samples 

from the remaining part of each plot). 

2.5. Statistical Analysis 

The experiments were repeated four times. The experi-

mental data was analyzed with SPSS (Statistical Package for 

the Social Sciences) statistical package. Then all the data 

were subject to ANOVA (Analysis of Variance), and average 

values were compared using the appropriate Fisher's pro-

tected LSD (Least Significant Difference) (p<0.05). 

3. Result 

3.1. Effect of DCPTA on Seed Germination of 

Soybean 

Agricultural weather conditions are different at every area, 

so the effect of DCPTA spray treatment on germination of 

soybean was investigated at two temperature conditions (low 

and normal). 

3.1.1. Effect of DCPTA on Germination of Soybean 

at Low Temperature 

Table 1. Effect of DCPTA on germination rates of soybean at low 

temperature. 

treatments 

germination rates (%) 

1d 2d 3d 4d 5d 6d 

control 3.9 14.0 34.1 73.3 88.7 94.7 

5 mg/L 4.7 27.3 53.5 75.2 90.1 94.5 

10 mg/L 5.7 34.0 60.4 83.8 95.1 95.3 

20 mg/L 5.2 34.5 58.5 79.8 94.5 94.3 

(temperature: 19±1°C) 

Table 1 showed the effect of DCPTA on germination rates 

of soybean at low temperature. The results indicated that 

DCPTA spray treatment influenced germination rates of 

soybean at low temperature. Especially 10 mg/L and 20 mg/L 

DCPTA spray treatment significantly prompted compared 

with the control. And DCPTA spray treatment at low tem-

perature advanced the date to germinate 1d approximately. 

Table 2. Effect of DCPTA on plumule and radicle length of soybean 

at low temperature. 

treatments plumule length (cm) radicle length (cm) 

control 5.60±0.25 4.82±0.51 

5 mg/L 5.96±0.32 5.75±0.52 

10 mg/L 6.02±0.35 6.45±0.48
＊ 

20 mg/L 6.14±0.28 6.51±0.50
＊
 

temperature: 19±1°C, 
＊
: p＜0.05 (compared with the control) 

Table 2 indicated the radicle and plumule length of the 

germinated seeds after 6d of seed incubation at low temper-

ature. As shown in Table 2, all of DCPTA spray treatment (5, 

10, 20 mg/L) increased the shoot length of the germinated seeds, 

but not significantly. However primary root length was increased 

significantly by the application of 10, 20 mg/L DCPTA. 

These results of the experiment indicated that DCPTA 

spray treatment influenced the root length of soybean im-

portantly at low temperature during germination. 
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3.1.2. Effect of DCPTA on Germination of Soybean 

at Normal Temperature 

Table 3 showed the Effect of DCPTA on germination rates 

of soybean at normal temperature. 

At the normal temperature, 10 mg/L and 20 mg/L DCPTA 

spray treatment slightly increased germinating ability com-

pared with the control but among the treatment plots there was 

not a significant difference on germination rate and date of ger-

minating. And after 5 days germination rate didn’t increase more. 

Table 3. Effect of DCPTA on germination rates of soybean at normal 

temperature. 

treatments 

germination rate (%) 

1d 2d 3d 4d 5d 6d 

control 4.8 15.4 39.3 76.6 92.3 93.0 

5 mg/L 5.7 24.3 52.5 78.2 93.1 93.5 

10 mg/L 5.5 34.2 55.4 81.9 94.5 94.8 

20 mg/L 5.2 30.8 52.5 80.8 94.5 95.1 

temperature: 25±1°C 

And then at the upper conditions we discussed the radicle 

and plumule length of the germinated seeds after 6d of seed 

incubation (Table 4). As shown in Table 4, 10 mg/L and 20 

mg/L DCPTA spray treatment significantly increased the 

radicle and plumule length of the germinated seeds compared 

with the control. 

The results revealed that at normal temperature DCPTA 

spray treatment doesn’t increase the germination rate and 

increased significantly the radicle length. 

From above-mentioned results, DCPTA seed treatment 

enhanced germination of soybean and the optimum concen-

tration of DCPTA was 10 mg/L. 

Table 4. Effect of DCPTA on plumule and radicle length of soybean 

at normal temperature. 

treatments plumule length (cm) radicle length (cm) 

control 10.24±0.25 7.08±0.51 

5 mg/L 10.63±0.32 8.47±0.52* 

10 mg/L 11.52±0.35* 9.35±0.48* 

20 mg/L 11.14±0.28* 9.40±0.50* 

temperature: 25±1°C, 
＊
: p＜0.05 (compared with the control) 

3.2. Effect of DCPTA on Primary Growth of 

Soybean 

Based on the fact that DCPTA increased germination 

soybean seeds, we then investigated the effects of DCPTA on 

the primary growth of soybean seeds. Table 5 showed the 

effect of DCPTA on primary growth of soybean. 

A positive effect of DCPTA on seedling establishment rate 

of soybean seeds was also detected (Table 5). In the treated 

soybean, spray application of 10 mg/L, 20 mg/L DCPTA 

caused 10.8%, 7.5% increase of seedling establishment rate 

respectively more than the control. Also the number of leaf 

and shoot height tended to decrease compared with the con-

trol. 

Table 5. Effect of DCPTA on primary growth of soybean. 

treatments seedling establishment rate (%) number of leaf shoot height (cm) root length (cm) number of nodule 

control 81.7 2.5 26.75 24.85 10.6 

10 mg/L 92.5* 2.4 25.48 26.54 12.7 

20 mg/L 89.2* 2.4 25.77 26.73 12.9 

(place: Pyongyang, seeding date: May 21, 2024, investigation date; June 15, 2024) 

3.3. Effect of DCPTA on Growth of Soybean 

In order to investigate the effects of DCPTA on soybean 

growth, we examined some growth index of soybean at an 

experimental plot (Table 6). There was a great difference 

between treated plants and controls at the concentration 10, 20 

mg/L for soybean. 

In the DCPTA spray treated soybeans, compared with the 

control, the treated seedling caused an increase in shoot dry 

weight, root dry weight and number of nodule, weight of 

nodule at the stage of vegetative growth. Specially the appli-

cations of 10 mg/L DCPTA increased number of nodule per 

plant to 32.8% and weight of nodule per plant to 19.2% in 
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comparison to the control. 

Table 6. Effect of DCPTA on some growth index of soybean. 

treatments shoot dry wt.(g) root dry wt.(g) 

nodule number nodule wt. 

per plant Percentage (%) per plant (g) Percentage (%) 

control 5.52 1.35 49.56 100 1.59 100 

10 mg/L 6.10 1.51 65.80
＊
 132.8 1.90

＊
 119.2 

20 mg/L 5.64 1.45 61.01
＊
 123.1 1.73 108.8 

(nodule investigation date: June 30, dry wt. investigation date: July 13) 

Next we investigated the effects of DCPTA on plant height 

and number of branches at the end of vegetative growth-early 

of reproductive growth stage. As shown in Table 7, at this 

stage the height of soybean was decreased clearly and the 

number of branches was increased. 

Table 7. Effect of DCPTA on plant height and the number of branches of soybean. 

treatments plant height, (cm) number of branch 

control 137.7±5.2 4.0±0.3 

10 mg/L 126.2±3.9
＊
 5.2±0.4

＊
 

20 mg/L 127.4±4.1
＊
 5.3±0.4

＊
 

(investigation date; August 27, 
＊
: p＜0.05 (compared with the control)) 

Generally, reproductive growth in soybean was progressed 

together with vegetative growth for a long time, so the de-

crease of height reflecting vegetative growth and the increase 

of number of branches showing reproductive growth are the 

main factors for the yield increase. These results also showed 

DCPTA was a plant growth regulator that contributed to 

controlling of hormones balance. 

3.4. Effect of DCPTA on Yield Components and 

Yield of Soybean 

Table 8 showed the effect of DCPTA on yield components 

of soybean. 

Table 8. Effect of DCPTA on yield components of soybean. 

treatments plant per plot (%) 
number of pod per 

plant 

number of seeds per 

pod 

number of seeds per 

plant 
1 000 seed weight (g) 

control 53.5 70.1 2.4 166.5 210.0 

10 mg/L 62.3 102.4 2.5 251.2 208.5 

20 mg/L 60.3 92.9 2.5 227.7 211.1 

(investigation date; September 30, harvesting date; October 7) 

Results of the experiment indicated the number of plant per plot, pod per plant, seed per pod and seed per plant were 
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increased in treated soybean. Difference in 1 000 seed 

weights was not statistically significant. And we investigated 

the effect of DCPTA on number of seeds per pod of soybean 

(Table 9). According to the results of the comparison of 

means, in DCPTA-treated soybean, the rate of 4 seeds per 

pod and 3 seeds per pod were increased, but the rate of 1 seed 

per pod and empty husk of soybean were reduced compared 

with the control. 

Table 9. Effect of DCPTA on number of seeds per pod of soybean. 

treatments 4 seeds per pod (%) 3 seeds per pod (%) 2 seeds per pod (%) 1 seed per pod (%) 0 seed per pod (%) 

control 8.3 36.6 29.5 16.6 9.0 

10 mg/L 9.2 38.3 32.5 14.2 5.8 

20 mg/L 8.3 41.4 30.5 15.3 4.5 

investigation date; September 30 

Table 10. Effect of DCPTA on yield of soybean. 

treatments 
yield per 

plot (kg) 

yield per 

ha (kg) 

increased 

yield (kg) 

Percentage 

(%) 

control 1.932 1 932 - 100 

10 mg/L 2.475 2 475 543 128.1 

20 mg/L 2.264 2 264 332 117.2 

(harvesting date; October 7, LSD0.05=420 kg) 

And we investigated the effect of DCPTA on yield of 

soybean. DCPTA spray treatment clearly increased the yield 

of soybeans, especially the highest yield (2 475 kg) of seeds 

was observed in the treatment of 10 mg/L DCPTA compared 

with the control (1,932 kg). 

The results obtained suggested that spray treatment of 

DCPTA was one of effective ways in order to increase the 

soybean yield. 

4. Conclusion 

In the study, we presented effective spray treatment method 

to soybean seeds and revealed that DCPTA spray treatment 

increased the growth and yield of soybean. 

The suitable concentration of DCPTA was 10 mg/L, 60~70 

kg of bean seeds was evenly sprayed with the amount of 1L 

DCPTA diluent and covered with plastic sheet for 0.5~1 h. 

After soybean seeds absorbed DCPTA diluent sufficiently, 

they were dried under the shade condition and sowed. 

DCPTA spray treatment influenced germination rates 

of soybean. The results of the experiment indicated that 

10 mg/L DCPTA spray treatment influenced germination 

rate and root length of soybean importantly at low tem-

perature, and showed no increase of the germination rate 

and increased significantly the primary root and shoot 

length of the germinated seeds at normal temperature (Tables 

1-4). 

Compared with the controls, application of 10 mg/L 

DCPTA seed spray treatment increased the growth of soybean, 

so that shoot dry weight, root dry weight and number of 

nodules, weight of nodules was enhanced 110.5%, 111.9%, 

132.8%, 119.2%, respectively at the stage of vegetative 

growth (Tables 5, 6). 

During a period between the ending of vegetative growth 

and the beginning of reproductive growth stage, the height of 

soybean was decreased and the number of branches were 

increased clearly (Tables 7-9). These results showed that 

DCPTA enhanced reproductive growth. 

DCPTA spray treatment clearly increased the yield of 

soybeans, especially the highest yield (2475 kg) of seeds was 

observed in the treatment of 10 mg/L DCPTA compared 

with the control (1932 kg) (Table 10). In conclusion, we 

confirmed that seed spray treatment by DCPTA is effective, 

eco-friendly and successful way in order to increase the soy-

bean yield. 
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