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Abstract  

 

Nagara cowpea seeds are susceptible to deterioration during storage, thus seed viability performance must be 

improved with various techniques including seed invigoration. Organic priming is an invigoration technique 

that can be obtained from several plants that contain growth regulators. Water hyacinth is an aquatic plant in 

swampy areas that can be used as a raw material for organic priming. Therefore, it is necessary to study the 

concentration of water hyacinth root extract on seeds to support the cowpea growth phase. This study aims to 

determine the response and the best concentration of water hyacinth root extract on the growth of two cowpea 

varieties. This study used a completely randomized design (CRD) split plot with the main factor being cowpea 

varieties (G) consisting of 2 levels, G1 (Nagara cowpea) and G2 (KT9 cowpea). The subplot factor is water 

hyacinth root concentration (C) consisting of 4 levels C0 (without priming), C1 2.5%, C2 5.0%, C3 7.5%. The 

results showed that the application of water hyacinth root extract affected the growth of two cowpea varieties 

on plant height, number of branches and number of leaves. The highest plant height was in KT9 cowpea soaked 

with 5% concentration of root extract. The highest number of branches in Nagara cowpea soaked in water 

hyacinth root extract at concentration 2.5%. The highest number of leaves in cowpea KT9 soaked in water 

hyacinth root extract at concentration 7.5%. 
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1.  Introduction 

 

Cowpea is an alternative source of vegetable protein besides soybeans. cowpea protein 

content reaches 24.09% protein [1]. While soybean protein content reaches 36.5%. Cowpea in 

Indonesia is spread across several islands, one of which is in South Kalimantan Province. 

Nagara cowpea in the lebak swamp is only planted once per year, which can reduce seed 

quality (seed viability), growth and yield. Efforts to improve seed quality include seed invigoration, 

which is an effort to maximize seed viability potential through seed priming. Priming is very helpful 

in increasing the percentage of cowpea seedling emergence [2]. 

Water hyacinth (E. crassipes) is a tropical species belonging to the Pontederiaceae family, 

which are aquatic plants originating from the Amazon watershed in South America [3]. Water 

hyacinth, is a local resource that is widely found in the South Kalimantan wetlands. The invasive 

presence of water hyacinth has been considered disruptive to aquatic ecosystems. So that some 

people, looking for alternatives to the utilization of these weeds. 

Many utilizations of water hyacinth in agriculture and the environment are as a source of 

organic matter and photoremediation [4, 5, 6]. Exploration of the utilization of water hyacinth has 

also been claimed to be a source of plant growth regulator in the form of gibberellins. Several studies 

on the effectiveness of water hyacinth on plant germination as scientific support in the utilization of 

water hyacinth as a source of plant growth regulator [7, 8, 9]. 
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Generally, water hyacinth is utilized by the community as raw material for handicrafts that 

have economic value [10]. Handicrafts that can be produced are bags, sandals, shoes, pillowcases, 

tissue holders, flower vases, mats, and various other crafts. Crafts from water hyacinth utilize the 

dried part of the stem. In addition to water hyacinth being processed into various kinds of handicrafts, 

it can also be utilized as a plant growth regulator for germination. Water hyacinth root extract 

containing the hormone gibberellin is known to act as a natural growth regulator that can increase 

seed viability and vigor when starting the seed germination process [11]. It is known that water 

hyacinth roots contain 0,18% of the hormone gibberellin, and can be used as a natural growth 

regulator. 

Gibberellins are synthetic growth hormones that affect plant growth from germination to 

maturity and play a role in cell division and cell expansion [12]. Due to the high price and limited 

availability of synthetic gibberellins, therefore an alternative is used, namely natural gibberellins 

derived from the roots of water hyacinth plants. 

Priming treatment of nagara cowpea seeds with water hyacinth root extract has a significant 

effect on all growth changes [13]. The addition of water hyacinth natural plant growth regulator is 

also known to have a very significant effect on dormancy, germination, germination speed, vine 

length and seed growth percentage [14, 15]. Soaking seeds with plant growth regulator solution 

before sowing can soften the seed coat, making it easier for gas and water to diffuse into the plant to 

help the germination process. The hormone gibberellin in water hyacinth root extract is also able to 

affect plant growth by increasing the process of protein synthesis, allowing cells to divide and cell 

elongation occurs which shows an increase in plant growth [16]. 

Some research on seed quality growth can be overcome by the application of plant growth 

regulator. Priming technology is very helpful in increasing the percentage of cowpea seedling 

emergence [17]. Based on the description above, the purpose of this study is to determine the 

response of water hyacinth root extract to cowpea seed growth. Therefore, it is necessary to study 

the concentration of water hyacinth root extract on cowpea seeds to support the development of 

agricultural food crops. 

 

2.  Material and Methods 

 

The materials used were nagara cowpea and KT-9 cowpea seeds, water hyacinth roots, urea 

fertilizer of 50 kg ha-1, SP-36 fertilizer of 100 kg ha-1, KCl fertilizer of 100 kg ha-1, Methanol, water, 

furadan, agrept, and dithane. The tools used include hoes, paddles, label paper, nameplates, blenders, 

scissors, measuring cups, measuring pipettes, funnels, filter paper, analytical balances, gauze, meters, 

cameras, and plastic cups. 

This study used an experimental method with a factorial design consisting of two factors 

arranged incompletely randomized design (CRD) split plot. The main plot factor is cowpea varieties 

consisting of 2 levels and the sub-plot factor is water hyacinth root concentration consisting of 4 

levels. There were 8 treatments with 3 replications so there were 24 experimental units. 

The main plot factor is cowpea variety (G) which consists of 2 levels, G1 (local variety 

Nagara) and G2 (superior variety KT-9). The subplot factor is the concentration of water hyacinth 

root extract (C) which consists of 4 levels,  K (Control or without priming), C1 (2.5%), C2 (5.0%), 

and C3 (7.5%). 

Observation parameters include plant height, number of leaves, and number of branches. 

Observation data were tested for homogeneity using Bartlett's variance homogeneity test.  If the data 

is homogeneous, data analysis is continued with One Way Analysis of Variance (ANOVA) and if 

the data is not homogeneous then data transformation is performed. If the treatment has a significant 
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effect, it is continued with the DMRT test (Ducan's Multiple Range Test) at the 5% level. All data 

were tested using Microsoft Excel. 

 

3.  Results and Discussion 

 

3.1 Plant Height 

The interaction of cowpea varieties and the concentration of water hyacinth root extract had 

a significant effect on plant height at the age of 4 weeks after planting (WAP). Plant height is 

presented in Figure 1. 

 

 
Figure 1 

Plant height 4 WAP of two varieties of cowpea with seed priming on water hyacinth root extract 

 

Plant height is a measure of plants that is often observed as an indicator of growth that can 

be used to measure the effect of the environment or treatment applied. Height increase in plants 

shows the vegetative growth activity of a plant. The results of the analysis (Figure 1) stated that the 

growth of plant height during the vegetative period in nagara cowpea with water hyacinth root extract 

cowpea was the highest with a concentration of 5.0% water hyacinth root extract in KT-9 (G2C2), 

G1C0, and G2C3. While the lowest plant height was obtained in the treatment of water hyacinth root 

concentrations of 2.5%, 5.0%, 7.5% in nagara cowpea and at a concentration of 2.5% water hyacinth 

root extract in KT-9. 

There was a difference in the response of Nagara and KT-9 cowpeas to water hyacinth root 

extract immersion. Nagara cowpeas when soaked in water hyacinth root extract gave a negative 

response indicated by a reduction in plant height. While KT-9 showed a positive response to water 

hyacinth root extract immersion at a concentration of 5.0% better than 0% and 2.5%. This is 

suspected that superior varieties and local varieties have different responses to water hyacinth root 

extract. Each variety of each plant will provide different growth responses and production levels [18]. 

In addition, the genetic characteristics of each variety or cultivar of the plant affect the production 

results of a plant [19, 20]. Genetic diversity in each soybean variety is different. Genetic diversity in 

superior varieties tends to have more good properties so that it is expected to increase plant 
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productivity. The genetic diversity of a plant variety is usually formed from the results of a fairly 

long adaptation to its environment [21]. 

KT-9 cowpea which interacts with water hyacinth extract produces better height compared 

to nagara cowpea, at a concentration of 5.0% water hyacinth root extract in KT-9 (G2C2) is able to 

provide good growth for plant height growth. However, when given a concentration of 7.5% water 

hyacinth root extract, plant height decreased. Giving growth regulators with excessive concentrations 

disrupts cell functions, inhibiting plant growth [22]. 

However, control plants produced higher plant heights compared to water hyacinth root 

extract soaking. This is thought to be due to the immersion time with water hyacinth root extract 

being inappropriate and the absence of gibberellin in increasing plant height. This is thought to be 

caused by gibberellin contained in too high a concentration so that it is unable to increase the 

percentage of plant height. Water hyacinth contains growth regulators such as auxin, cytokinin, and 

gibberellin. One of the effects of auxin on plants is to support stem growth, if the concentration of 

water hyacinth roots is given in high concentrations it can inhibit plant growth. Auxin is able to 

stimulate the growth of new shoots because auxin is found in the tips of young shoots and in the 

meristem tissue at the tip, this hormone functions as a regulator of cell enlargement and triggers cell 

extension in the area behind the tip meristem and helps the stem growth process [23]. In addition, 

water hyacinth roots have a high tendency for heavy metals, one of which is Cu metal. If the metal 

content is at a high concentration, it will inhibit enzyme activity and protein formation or have a toxic 

effect on plants. Metal concentrations that exceed the maximum limit can cause reduction in plant 

organs, plant size becomes stunted, flowers become smaller than normal size or even not form, 

causing chlorosis, the fatal effect is causing death [24]. 

 

3.2 Number of Branches 

The interaction of varieties with water hyacinth root extract significantly influenced the 

number of branches at 6 WAP and 8 WAP. Water hyacinth root extract has a significant effect on 

the number of branches at 6 and 8 WAP. The number of branches in the interaction of varieties and 

extracts is presented in Figure 2. The number of branches in the single factor treatment of water 

hyacinth root extract is presented in Figure 3. 
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Figure 2 

Number of branches 6 and 8 WAP of two varieties of cowpea with seed priming on water hyacinth root 

extract 

 

Based on Figure 2, the highest number of branches 6 WAP of cowpea was obtained in the 

interaction of nagara cowpea with 2.5% water hyacinth root extract concentration (G1C1), which 

was not significantly different from nagara cowpea at 5.0% water hyacinth root extract concentration 

(G1C2) and in all KT-9 treatments. While the lowest number of cowpea branches was obtained in 

the treatment of nagara cowpea 0% (G1C0), which was significantly different from nagara cowpea 

at the concentration of water hyacinth roots 2.5% (G1C1) and 5% (G1C2) and KT-9 at the 

concentration of water hyacinth roots 7.5% (G2C3). 

At 8 WAP, the highest number of cowpea branches was obtained in the treatment of nagara 

cowpea with 2.5% water hyacinth root extract concentration (G1C1) but not significantly different 

from the treatment of nagara cowpea at 5.0% water hyacinth root extract concentration (G1C2), and 

KT-9 at 5.0% (G2C2) and 7.5% (G2C3) water hyacinth root extract concentration. While the lowest 

number of cowpea branches was obtained in the control treatment (without priming) 0% in nagara 

cowpea, but not significantly different from nagara cowpea at a concentration of water hyacinth root 

extract of 7.5% (G1C3) and in KT-9 control treatment (without priming) 0% and concentration of 

water hyacinth root extract 2.5% (G2C1). 

The nagara cowpea given 2.5% and 5.0% concentration of water hyacinth root extract 

consistently showed the highest number of branches at 6 and 8 weeks of planting. While KT-9 at 

concentrations of 0% (G2C0) to 7.5% (G2C3) had a number of branches that were not significantly 

different at 6 weeks after planting, but showed a real difference at 8 weeks after planting with a 

concentration of 7.5% (G2C3) can increase the number of branches that are not significantly different 

from (G1C1). It is suspected that the growth hormone contained in the water hyacinth root extract 

with a concentration of 2.5% is optimal for the nagara cowpea variety for the growth of the number 

of branches. Phytohormones such as auxin or gibberellin that are too high can inhibit plant growth. 

Auxin at high levels is more inhibitory than stimulating growth [25]. The relationship between 

growth and auxin levels in roots, stems and shoots is to stimulate growth at low levels, while 

inhibiting growth at high levels [26]. Gibberellin hormones work on growth genes so they require 

precise concentrations in some types of plants [27]. The concentration of 2.5% water hyacinth root 
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extract in this study was able to effectively increase the number of branches. The reduction in the 

number of branches formed is related to the length of the main stem internode due to gibberellin. 

With the increasing length of the main stem internode, energy is diverted to internode growth, while 

energy for the growth of new branches is limited. The number of branches is influenced by the 

amount of photosynthate produced [28]. 

 

 
Figure 3 

Number of branches 6 and 8 WAP of cowpea with seed priming on water hyacinth root extract 

 

In all types of cowpea both in nagara and KT-9 varieties, the highest number of branches 

at 6 WAP was at the concentration of water hyacinth root extract 5.0% (C2), but not different from 

the concentration of water hyacinth root extract 2.5% (C1) and 7.5% (C3). While at 8 WAP, the 

highest number of branches is at the concentration of water hyacinth root extract 2.5% (C1) but not 

significantly different from the concentration of water hyacinth root extract 5.0% (C2) and 7.5% 

(C3). 

The highest number of branches was at the concentration of water hyacinth roots with 5.0% 

treatment although it was not significantly different from 2.5% and 7.5%. While the least number of 

branches was in the control (without priming). This shows that the application of water hyacinth root 

extract is recommended to increase the growth of the number of cowpea branches because it provides 

the nutrients needed by plants. Gibberellin can affect stem length, encourage flowering, fruit 

formation, and shoot growth, when it was given at the precise concentration. Conversely, if the 

concentration is not as needed, it will inhibit plant growth [29]. 

 

3.3 Number of Leaves 

The number of leaves of nagara cowpea at 4 WAP, 6 WAP, and 8 WAP were significantly 

affected by the interaction of water hyacinth extract and cowpea genotypes. The number of leaves is 

presented in Figure 4. 
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Figure 4 

Number of leaves 4, 6, and 8 WAP of two varieties of cowpea with seed priming on water hyacinth root extract 

 

Observations of the number of leaves at 4 WAP showed the highest value at 0% water 

hyacinth root extract (without priming) (G1C0), but not different from the concentration of 2.5% 

water hyacinth root (G1C1) in nagara cowpea and at KT-9 at the concentration of 5.0% water 

hyacinth root (G2C2) and 7.5% (G2C3). While the lowest number of cowpea leaves was obtained in 

the 7.5% treatment of nagara cowpea (G1C3), but it was significantly different from nagara cowpea 

in the concentration of water hyacinth root extract 0% (without priming), as well as in KT-9 in the 

concentration of water hyacinth root extract 5.0% (G2C2) and 7.5% (G2C3). 

The highest number of leaves at 6 WAP was KT-9 with 7.5% water hyacinth root extract 

(G2C3). However, it was not significantly different from the treatment of nagara cowpea at 0% 

concentration of water hyacinth root extract (without priming) (G1C0) and at 2.5% concentration of 

water hyacinth root extract (G1C1). While the lowest number of cowpea leaves was obtained in the 

KT-9 treatment with a concentration of 5.0% water hyacinth roots (G2C2), which was not 

significantly different from the concentration of water hyacinth roots 0% (without priming) (G2C0) 

and 2.5% (G2C1), and Nagara cowpea at a concentration of 5.0% (G1C2) and 7.5% (G1C3) water 

hyacinth roots. 

The highest number of leaves 8 WAP was KT-9 at 7.5% water hyacinth root extract 

soaking (G2C3). However, it was not significantly different from KT-9 at 5.0% water hyacinth root 

extract concentration (G2C2), as well as nagara cowpea with 0% water hyacinth root extract (without 

priming) (G1C0) and 2.5% water hyacinth root extract concentration (G1C1). While the lowest 

number of cowpea leaves was obtained in the KT-9 treatment with 0% water hyacinth root 

concentration (without priming) (G2C0), which was not significantly different from the 2.5% water 

hyacinth root concentration (G2C1). 

In the type of cowpea variety KT-9 with a concentration of 5.0% and 7.5%, the number 

of leaves responded to the application of water hyacinth extract. It is suspected that the growth 

hormones auxin, gibberellin and cytokinin are able to support growth, especially in the number of 
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leaves. This is in accordance with the opinion that gibberellin enlarges the leaf area also extends the 

stem and affects the growth of the number of leaves [30, 31]. Cytokinin will stimulate cell division 

in plants. One result of cell division is the formation of leaves [32, 33, 34]. The provision of cytokinin 

hormones can increase the percentage of life, the number of buds, and the number of leaves on plant 

grafting [35, 36, 37, 38, 39]. 

It is possible that the number of leaves of Nagara cowpea only requires a limit of 2.5% 

treatment or even the control (without priming) can still provide good growth. The results showed 

that nagara cowpea with 0% water hyacinth root extract (without priming) (G1C0) was able to 

increase the number of leaves during the vegetative period, which was not significantly different 

from KT-9 cowpea at the concentration of water hyacinth roots at 5.0% (G2C2) and 7.5% (G2C3) 

treatments. The number of leaves that are almost the same indicates that the potential of plants in 

carrying out the photosynthesis process is relatively the same [40]. The addition of growth regulators 

such as auxins, gibberellins, and cytokinins or other organic extracts is still needed in the use of basic 

media [41]. Micro and macro nutrients that play a role in the formation of chlorophyll, facilitate the 

process of photosynthesis, and increase enzymes that play a role in the process of protein synthesis 

[42]. 

Each plant has endogenous hormones to stimulate leaf growth, but the hormones present 

in the leaves are few in numbers, so they need to be supplemented with growth-promoting substances 

that come from outside (exogenous). In relation to the function of growth regulators, auxin can affect 

the work of cytokinin, cytokinin hormones affect the emergence of buds which then differentiate into 

leaves. If auxin is in an optimal concentration, then cytokinin transport according to its function to 

initiate budding appears [43, 44]. 

The hormone content found in water hyacinth roots has an important role, especially in 

the vegetative phase of the plant, in influencing the number of leaves. The number of leaves has a 

role in several metabolite compound synthesis or photosynthesis processes that produce 

photosynthate as energy for plant growth.  Water hyacinth roots containing gibberellin can stimulate 

cell division, especially in increasing the number of leaves [45]. An increase in the number of leaves 

on a plant will produce a lot of energy that can be used for plant metabolic processes [46]. 

 

4.  Conclusion 

 

The concentration of water hyacinth root extract gave a positive response to the number of 

branches, and gave a negative response to plant height and number of leaves. The best concentration 

of water hyacinth root extract that gives a positive response in the vegetative phase to cowpea 

varieties is at a concentration of 2.5% water hyacinth extract at 6 weeks after planting and 8 weeks 

after planting. 

 

Acknowledgements 

 

 We would like to express our appreciation to the Institute for Research and Community 

Service, Lambung Mangkurat University and the entire academic community of the Faculty of 

Agriculture who supported this research. 

 

References 

  

[1]    Enyiukwu, D.N., Amadioha AC, Ononuju CC. (2018).  Biochemical composition, potential food and 

feed values of aerial parts of cowpea (Vigna unguiculata (L.) Walp.). Greener Trends Food Sci Nutr., 

11–8. doi: 10.15580/gtfsn.2018.1.080118107 



 

Growth Performance of Two Cowpea Varieties with Application of Water Hyacinth Root Extract as Seed 

Priming 

Sustainable Environment Agricultural Science (SEAS)  Page 118 
 

[2]    Arun, M. N., Bhanuprakash, K., Hebbar, S. S., & Senthivel, T. (2017). Effects of seed priming on 

biochemical parameters and seed germination in cowpea [Vigna unguiculata (L.) Walp]. Legume 

Research-An International Journal, 40(3), 562-570. 

[3]    Degaga, A. H. (2018). Water hyacinth (Eichhornia crassipes) biology and its impacts on ecosystem, 

biodiversity, economy and human well-being. Journal of Life Science and Biomedicine, 8(6), 94-100. 

[4]    Begum, S. L., Himaya, S. M. M. S., & Afreen, S. M. M. S. (2022). Potential of water hyacinth 

(Eichhornia crassipes) as compost and its effect on soil and plant properties: A review. Agricultural 

Reviews, 43(1), 20-28. 

[5]    Ting, W. H. T., Tan, I. A. W., Salleh, S. F., & Wahab, N. A. (2018). Application of water hyacinth 

(Eichhornia crassipes) for phytoremediation of ammoniacal nitrogen: A review. Journal of water 

process engineering, 22, 239-249. 

[6]    Saha, P., Shinde, O., & Sarkar, S. (2017). Phytoremediation of industrial mines wastewater using water 

hyacinth. International journal of phytoremediation, 19(1), 87-96. 

[7]    Gul, B., Saeed, M., Khan, H., Khan, M. I.,  Khan, I. (2017). Impact of water hyacinth and water lettuce 

aqueous extracts on growth and germination of wheat and its associated troublesome weeds. Applied 

Ecology & Environmental Research, 15(3). 

[8]    Ummah, K., Rahayu, Y. S. (2019). The effect of gibberellin extracted from Eichhornia crassipes root 

on the viability and duration of hard seed germination. Mathematics, Informatics, Science and 

Education International Conference (MISEIC). 1417p. Surabaya: IOP J. Phys.: Conf.Ser. 

[9]    Sagita, E. R., Rahayu, Y. S. (2022). Invigorasi Benih Bayam (Amaranthus sp.) Kadaluarsa Dengan 

Ekstrak Akar Eceng Gondok. LenteraBio: Berkala Ilmiah Biologi, 11(2), 326-340. 

[10]    Wardiah, I., Noor, H., Fauzan, R.,  Sholihin, F. (2019). Pemanfaatan eceng gondok untuk pemberdayaan 

ekonomi masyarakat di desa Jelapat I Kabupaten Barito Kuala. Jurnal Impact: Implementation and 

Action, 1(2), 152-161. 

[11]    Wahdah, R.. Ellya, H. (2021). Application of concentration and kinds of solution roots of water hyacinth 

(Eichhornia crassipes) to increase the seed quality performance of cowpea (Vigna unguiculata ssp. 

cylindrica).  IOSR Journal of Agriculture and Veterinary Science (IOSR-JAVS),14(10), 31-40. 

[12]    Bagale, P., Pandey, S., Regmi, P., & Bhusal, S. (2022). Role of plant growth regulator “Gibberellins” 

in vegetable production: An overview. International journal of horticultural science and 

technology, 9(3), 291-299. 

[13]    Wahdah, R., Ellya, H., Hairina, H. (2020). Respon Viabilitas Benih Kacang Tunggak Nagara (Vigna 

unguiculata ssp cylindrica) Akibat Pemberian Konsentrasi Ekstrak Akar Eceng Gondok (Eichhornia 

crassipes). Rawa Sains: Jurnal Sains STIPER Amuntai, 10(2), 63-73. 

[14]    Napitupulu, B. (2020).  Respon Daya Berkecambah dan Pertumbuhan Benih Mucuna bracteata Melalui 

Pematahan Dormansi dan Pemberian Zat Pengatur Tumbuh (ZPT) Alami. Skripsi. Dipublikasikan. 

Medan: Fakultas Pertanian Universitas Medan Area. 

[15]    Gul, B., Saeed, M., Khan, H., Khan, M. I., & Khan, I. (2017). Impact of water hyacinth and water lettuce 

aqueous extracts on growth and germination of wheat and its associated troublesome weeds. Applied 

Ecology & Environmental Research, 15(3). 

[16]    Ali, M. A., AL Kikani, K. K., AL-Mashhadany, A. M., & Al-Obaidi, A. H. (2023). Response of field 

crop seeds to stimulators improve germination and growth. Tikrit Journal for Agricultural 

Sciences, 23(3), 103-111. 

[17]    Iqbal, M. A. (2015). Improving germination and seedling vigour of cowpea (Vigna unguiculata L.) with 

different priming techniques. Am-Eur J Agric Environ Sci, 15, 265-270. 

[18]    Sugiarti, L., Indriana, K. R., Hadi, R. A. (2017). Uji ketahanan varietas padi lokal jawa barat dan 

responnya terhadap pemberian giberelin pada kondisi cekaman rendaman sebagai upaya peningkatan 

produksi di lahan rawan banjir. Jurnal Agroekoteknologi, 9(2). 

[19]    Abu-Ellail, F. F., Gadallah, A. F. I.,  El-Gamal, I. S. H. (2020). Genetic variance and performance of 

five sugarcane varieties for physiological, yield and quality traits influenced by various harvest age. 

Journal of Plant Production, 11(5), 429-438. 

[20]    Swarup, S., Cargill, E. J., Crosby, K., Flagel, L., Kniskern, J., Glenn, K. C. (2021). Genetic diversity is 

indispensable for plant breeding to improve crops. Crop Science, 61(2), 839-852. 

[21]    Lopes, M. S., El-Basyoni, I., Baenziger, P. S., Singh, S., Royo, C., Ozbek, K., ... & Vikram, P. (2015). 

Exploiting genetic diversity from landraces in wheat breeding for adaptation to climate change. Journal 

of experimental botany, 66(12), 3477-3486. 

[22]    Wuriesyliane, W.,  Sawaluddin, S. (2022). Aplikasi Berbagai konsentrasi Zat Pengatur Tumbuh (ZPT) 

Terhadap Pertumbuhan dan Hasil Tanaman Baby Buncis (Phaseolus culgaris L.): Application of 

Various Concentrations of Plant Growth Regulator (PGR) on the Growth and Yield of Common Bean 

(Phaseolus culgaris L.). J-Plantasimbiosa, 4(1), 64-70. 



 

Growth Performance of Two Cowpea Varieties with Application of Water Hyacinth Root Extract as Seed 

Priming 

Sustainable Environment Agricultural Science (SEAS)  Page 119 
 

[23]    Majda, M., & Robert, S. (2018). The role of auxin in cell wall expansion. International journal of 

molecular sciences, 19(4), 951. 

[24]    Małkowski, E., Sitko, K., Zieleźnik-Rusinowska, P., Gieroń, Ż., & Szopiński, M. (2019). Heavy metal 

toxicity: Physiological implications of metal toxicity in plants. Plant metallomics and functional omics: 

a system-wide perspective, 253-301. 

[25]    Carlos, E., Lerma, T. A., Martínez, J. M. (2021). Phytohormones and plant growth regulators—a review. 

J Sci with Technol Appl, 10, 27-65. 

[26]    Han, X., Zeng, H., Bartocci, P., Fantozzi, F., Yan, Y. (2018). Phytohormones and effects on growth and 

metabolites of microalgae: a review. Fermentation, 4(2), 25. 

[27]    Castro-Camba, R., Sánchez, C., Vidal, N., Vielba, J. M. (2022). Plant development and crop yield: The 

role of gibberellins. Plants, 11(19), 2650. 

[28]    Bote, A. D.,  Jan, V. (2016). Branch growth dynamics, photosynthesis, yield and bean size distribution 

in response to fruit load manipulation in coffee trees. Trees, 30, 1275-1285. 

[29]    Rademacher, W. (2015). Plant growth regulators: backgrounds and uses in plant production. Journal of 

plant growth regulation, 34, 845-872. 

[30]    Ritonga, F. N., Zhou, D., Zhang, Y., Song, R., Li, C., Li, J.,  Gao, J. (2023). The roles of gibberellins in 

regulating leaf development. Plants, 12(6), 1243. 

[31]    Sprangers, K., Thys, S., Van Dusschoten, D., Beemster, G. T. (2020). Gibberellin enhances the 

anisotropy of cell expansion in the growth zone of the maize leaf. Frontiers in plant science, 11, 1163. 

[32]    Mok, M. C. (2019). Cytokinins and plant development—an overview. Cytokinins, 155-166. 

[33]    Pratomo, B., C. Hanum., dan L. A. P. Putri. (2016). Pertumbuhan okulasi tanaman karet (Hevea 

brassiliensis Muell arg.) dengan tinggi penyerongan batang bawah dan benzilaminopurin (BAP) pada 

pembibitan polibag. Jurnal Pertanian Tropik, 2 (13), 119-123. 

[34]    Schaller, G. E., Street, I. H., Kieber, J. J. (2014). Cytokinin and the cell cycle. Current opinion in plant 

biology, 21, 7-15. 

[35]    Roman, H., Girault, T., Barbier, F., Péron, T., Brouard, N., Pěnčík, A., …Leduc, N. (2016). Cytokinins 

are initial targets of light in the control of bud outgrowth. Plant Physiology, 172(1), 489-509. 

[36]    Letham, D. S. (2019). Cytokinins as phytohormones—sites of biosynthesis, translocation, and function 

of translocated cytokinin. In Cytokinins (pp. 57-80). CRC press. 

[37]    Tan, M., Li, G., Chen, X., Xing, L., Ma, J., Zhang, D., ... & An, N. (2019). Role of cytokinin, 

strigolactone, and auxin export on outgrowth of axillary buds in apple. Frontiers in plant science, 10, 

616. 

[38]    Sharma, A., Zheng, B. (2019). Molecular responses during plant grafting and its regulation by auxins, 

cytokinins, and gibberellins. Biomolecules, 9(9), 397. 

[39]    Sosnowski, J., Truba, M., Vasileva, V. (2023). The impact of auxin and cytokinin on the growth and 

development of selected crops. Agriculture, 13(3), 724. 

[40]    Evans, J. R. (2013). Improving photosynthesis. Plant physiology, 162(4), 1780-1793. 

[41]    Singh, S. P., Singh, S., Dubey, A. N., & Rajput, R. K. (2020). Biofertilizers and plant growth regulators 

as key player in sustainable agriculture by enhancing soil fertility and crop productivity. Environ. Agric. 

Heal, 12-18. 

[42]    Shimizu, T., Inoue, K. I., Hachiya, H., Shibuya, N., Shimoda, M., & Kubota, K. (2014). Frequent 

alteration of the protein synthesis of enzymes for glucose metabolism in hepatocellular carcinomas. 

Journal of gastroenterology, 49, 1324-1332.  

[43]    Schaller, G. E., Bishopp, A., Kieber, J. J. (2015). The yin-yang of hormones: cytokinin and auxin 

interactions in plant development. The Plant Cell, 27(1), 44-63. 

[44]    Kurepa, J., Shull, T. E., Smalle, J. A. (2019). Antagonistic activity of auxin and cytokinin in shoot and 

root organs. Plant Direct, 3(2), e00121. 

[45]    Sosnowski, J., Truba, M., & Vasileva, V. (2023). The impact of auxin and cytokinin on the growth and 

development of selected crops. Agriculture, 13(3), 724. 

[46]    Yudianto, A. A., Fajriani, S., Aini, N. (2015). Pengaruh Jarak Tanam dan Frekuensi Pembumbunan 

Terhadap Pertumbuhan dan Hasil Tanaman Garut (Marantha arundinaceae L.). Jurnal Produksi 

Tanaman, 3 (3), 172-181. 

 


