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  Abstract 
Strobilanthes tetrasperma is widely distributed in Southwest, South, and East 
China, and is an important medicinal plant of Acanthaceae. In this study, a three-
factor and three-level orthogonal experiment was designed to conduct cutting prop-
agation tests. The results showed that among the three factors, the type of growth 
hormone had the greatest influence on the cutting survival of Strobilanthes tet-
rasperma. The order of effects on cutting survival rate was growth hormone type > 
concentration > soaking time, and the order of effects on root number was growth 
hormone type > soaking time > concentration. The optimal combination for im-
proving cutting survival rate was NAA at 200 mg/L for 3600 s; the optimal com-
bination for increasing root number was IBA at 200 mg/L for 3600 s; and the best 
comprehensive combination was IBA at 200 mg/L for 600 s. 
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1. Introduction 

Strobilanthes tetrasperma is a perennial herb of Acanthaceae, also known as Huangjingcao [1, 2]. It prefers a warm 
and humid climate and is mainly distributed in Fujian, Zhejiang, Jiangxi, Hunan and other regions [3, 4]. Its stems 
and leaves are often processed into Indigo Naturalis, a traditional Chinese medicine, with effects of clearing heat 
and detoxifying, cooling blood and resolving macules, purging fire and calming convulsions. It is mainly used for 
epidemic toxin macules, hematemesis and epistaxis due to blood heat, chest pain and hemoptysis, oral ulcers, 
mumps, throat impediment, infantile convulsions and other diseases. Its roots and rhizomes are used as traditional 
Chinese medicine decoction pieces, with effects of clearing heat and detoxifying, cooling blood and resolving mac-
ules, and are indicated for pestilential toxin, fever and sore throat, epidemic toxin macules, erysipelas, etc. 

Hangzhou City, Zhejiang Province is located at 118°21′-120°30′E and 29°11′-30°33′N, with a subtropical mon-
soon climate, distinct four seasons and abundant rainfall. The annual average temperature is 17.8 ℃, the average 
relative humidity is 70.3%, the annual precipitation is 1454 mm, and the annual sunshine duration is 1765 hours. 
The suitable growth temperature of Strobilanthes tetrasperma is 15.0-30.0 ℃, so the environment of Hangzhou is 
very suitable for its growth. 

The traditional cultivation method of Strobilanthes tetrasperma is cutting propagation and seedling transplanting 
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in spring, and seed propagation is rarely used. Mo Lilong et al. [5], Li Qiuju, Zhang Yanquan et al. [6], Zhang 
Danyan et al. [7], Liu Baocai et al. [8] summarized the field planting techniques of Strobilanthes tetrasperma, 
including selecting well-drained and fertile fields, mixing seeds with sand (5:1) and sowing evenly on the prepared 
shallow furrow surface, then covering with soil for seedling raising, or cutting seedling raising followed by trans-
planting. 

However, studies focusing on the optimization of propagation techniques for Strobilanthes tetrasperma remain 
limited. In this experiment, a three-factor and three-level orthogonal experiment was conducted to obtain the optimal 
combination with the best comprehensive effect, so as to facilitate large-scale propagation and popularization in 
landscape greening in the later stage. 

2. Materials and Methods 

2.1 Research Materials 

The fresh stems of Strobilanthes tetrasperma collected from the Herbal Garden of Hangzhou Botanical Garden 
were used as experimental materials. Hangzhou Botanical Garden is located in Xihu District, Hangzhou City 
(30°15′N, 120°07′E), with an altitude of 10-165 m, an annual average temperature of 16.1 ℃, an annual average 
rainfall of 1150 mm, and an average relative humidity of 82%. The average temperature in November 2022 was 15-
16 ℃. The experiment was carried out on November 10, 2022, and various data were measured on December 20, 
2022. 

2.2 Experimental Method 

A three-factor, three-level orthogonal experimental design was employed [9]. The factors and levels were set as 
follows: 1) hormone type: NAA, IBA, ABT; 2) hormone concentration: 50 mg·L⁻¹, 200 mg·L⁻¹, 500 mg·L⁻¹; 3) 
hormone treatment time: 30 s, 10 min, 1 h. Branches without scars and obvious diseases and insect pests were 
selected and cut into 6-8 cm stem cuttings with the basal end trimmed at an angle of 45-60°, and 1/2-2/3 of the basal 
leaves were removed. The basal parts of the cuttings were immersed in different concentrations of hormone solu-
tions for treatment, and then cut into the substrate at an angle of 0-30° to the vertical direction, with the top of the 
cuttings exposed 1-3 cm above the substrate surface. Fifty plants were treated in each group, and the cutting seedbed 
was equipped with a sprinkler irrigation system to ensure substrate humidity. The survival rate of each treatment 
was measured 40 days after cutting, and the root number and root length were measured in each treatment to calcu-
late the average value. 

2.3 Data Processing 

The measured values were processed by Excel software, and then variance and range analysis were carried out by 
SPSS software [10]. 

3. Results and Analysis 
Table 1. Effects of Different Treatments on Cutting Survival of Strobilanthes tetrasperma 

Treatment Growth Hormone Concentration 
(mg/L) 

Soaking Time 
(s) 

Survival Rate 
(%) 

Number of 
Roots 

Mean of Membership Func-
tion 

Treatment 
1 IBA 50 3600 88 18.86a 0.9681 

Treatment 
2 IBA 200 30 82 6.41bc 0.6066 

Treatment 
3 IBA 500 600 82 14.63ab 0.8252 

Treatment 
4 NAA 50 30 88 6.09bc 0.6301 

Treatment 
5 NAA 200 600 88 6.64bc 0.6447 

Treatment 
6 NAA 500 3600 78 7.25bc 0.6077 
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Table 1 Continued 

Treatment Growth Hormone Concentration 
(mg/L) 

Soaking Time 
(s) 

Survival Rate 
(%) 

Number of 
Roots 

Mean of Membership Func-
tion 

Treatment 
7 ABT 50 600 74 5.08bc 0.5287 

Treatment 
8 ABT 200 3600 94 9.06b 0.7409 

Treatment 
9 ABT 500 30 62 3.81c 0.4311 

Control — 0 0 64 2.5c 0.4069 

E1 88 82 82 — — — 

E2 88 88 78 — — — 

E3 74 94 62 — — — 

R 14 12 20 — — — 

F1 18.8 6.41 14.63 — — — 

F2 6.09 6.64 7.25 — — — 

F3 5.08 9.06 3.81 — — — 

R 13.72 2.65 10.82 — — — 

G1 0.9681 0.6066 0.8253 — — — 

G2 0.6301 0.6447 0.6077 — — — 

G3 0.5287 0.7409 0.4311 — — — 

R 0.4393 0.1343 0.3941 — — — 

Notes: Different lowercase letters in the same column indicate a significant difference at the 5% level, and different uppercase letters indicate a signif-
icant difference at the 1% level. E1-E3, F1-F3, G1-G3 represent the mean values of survival rate, root number, and membership function value under 
different levels, respectively. R represents the variation range of the index. Hormone 1, 2, 3 represent IBA, NAA, and ABT; Time 1, 2, 3 represent 30 
s, 600 s, and 3600 s; Concentration 1, 2, 3 represent 50 mg/L, 200 mg/L and 500 mg/L. 

3.1 Experimental Results 

The rooting performance of each treatment was evaluated 40 days after cutting Strobilanthes tetrasperma with 
different growth hormones, concentrations, and soaking times (Table 1). The results showed that Treatment 8 (ABT 
at 200 mg/L for 1 h) had the highest survival rate of 94%; Treatment 1 (IBA at 50 mg/L for 1 h), Treatment 4 (NAA 
at 50 mg/L for 30 s) and Treatment 5 (NAA at 200 mg/L for 10 min) also had relatively high survival rates of 88%; 
the control group and Treatment 9 (ABT at 500 mg/L for 30 s) had the lowest survival rates of 64% and 62%, 
respectively. In addition, Treatment 1 (IBA at 50 mg/L for 1 h) produced the highest mean root number (18.86 roots 
per cutting), followed by Treatment 3 (IBA at 500 mg/L for 10 min) and Treatment 8 (ABT at 200 mg/L for 1 h) 
with 14.63 and 9.06 roots, respectively; the control group and Treatment 9 (ABT at 500 mg/L for 30 s) had the 
fewest roots of 2.5 and 3.81, respectively. 

3.2 Experimental Analysis 

Range analysis was conducted on the cutting test results of Strobilanthes tetrasperma (Table 1). The results showed 
that among the three factors, the type of growth hormone had the greatest influence on the cutting survival of Stro-
bilanthes tetrasperma. The order of effects on cutting survival rate was growth hormone type > concentration > 
soaking time, and the order of effects on root number was growth hormone type > soaking time > concentration. 
According to the membership function analysis, the optimal combination for improving cutting survival rate was 
NAA at 200 mg/L for 3600 s; the optimal combination for increasing root number was IBA at 200 mg/L for 3600 
s; and the best comprehensive combination was IBA at 200 mg/L for 600 s. 
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4. Discussion 

The roots and rhizomes of Strobilanthes tetrasperma can be used as medicine, with effects of clearing heat and 
detoxifying, cooling blood and resolving macules. For a long time, this plant has been mainly used as a medicinal 
material and dye plant, and its application potential in landscape gardening has not been systematically developed. 
Studies on the optimization of artificial propagation techniques for Strobilanthes tetrasperma remain limited. From 
the experimental results, proper hormone treatment of cuttings can promote cutting rooting and survival rate. Liu 
Guoyu et al. [11]. believed that hormone treatment could promote cortical rooting of apical shoots of Justicia 
adhatoda L., and the rooting rate of cuttings treated with IBA was the highest (62.22%). Zhang Fuping et al. [12]. 
studied the cutting propagation of Callisia fragrans (Acanthaceae) and found that the best effect was achieved with 
IAA at 200 mg/L for 3 h, IBA at 400 mg/L for 3 h, NAA at 400 mg/L for 3 h, and 2,4-D at 3 mg/L for 2.5 h. Pan 
Xiangyan [13] found that IAA had a significantly higher effect on the cutting rooting rate of Ruellia elegans than 
other growth regulators. Zhou Zheng et al. studied the overwintering cutting propagation method of Strobilanthes 
cusia in Fujian through a four-factor randomized block design, and concluded that NAA concentration of 100-150 
mg/L was more conducive to rooting and plant growth [14]. 

The comprehensive membership function analysis in this study showed that hormone type, concentration, and 
soaking time had certain effects on cutting rooting and survival rate of Strobilanthes tetrasperma, and the effect of 
hormone type was greater than that of concentration and soaking time. The results showed that IBA at 200 mg/L 
for 3600 s was more conducive to rooting of Strobilanthes tetrasperma. The survival rate of Treatment 9 (ABT at 
500 mg/L for 30 s) was 62%, lower than 64% in the control group, and all other treatments were higher than the 
control group. It may be that the concentration of ABT was too high, so the cuttings could not absorb and utilize the 
nutrients, resulting in cutting burn. 
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