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RINGKASAN 

SUBHAN ARRIDHO. Priming Nanopartikel Perak (AgNPs) untuk Peningkatan 

Produksi dan Mutu Benih Kedelai pada Cekaman Biotik dan Abiotik. Dibimbing 

oleh SATRIYAS ILYAS sebagai ketua komisi, ABDUL QADIR, ENY WIDAJATI, 

dan TRI ASMIRA DAMAYANTI sebagai anggota komisi pembimbing. 

Kedelai (Glycine max L.) merupakan salah satu tanaman pangan penting di 

Indonesia setelah padi dan jagung, permintaannya cenderung meningkat tetapi 

produktivitasnya masih rendah. Di antara penyebabnya adalah perubahan iklim dan 

serangan patogen yang menimbulkan stres sistemik bagi tanaman kedelai. 

Nanopartikel perak (AgNPs) menarik perhatian banyak para peneliti untuk 

mengatasi permasalahan cekaman abiotik dan biotik yang dialami oleh tanaman, 

terutama yang berbasis biosintesis. Penggunaan formulasi AgNPs ini sangat perlu 

untuk dikaji bagaimana efek positif dan negatifnya bagi tanaman kedelai. Penelitian 

ini bertujuan untuk mengembangkan formulasi AgNPs berbasis ekstrak daun 

mimba, menguji keefektifannya dalam meningkatkan mutu fisiologis dan kesehatan 

benih, pertumbuhan dan hasil tanaman, serta ketahanan tanaman pada cekaman 

kekeringan, penyimpanan, dan infeksi virus. 

Biosintesis AgNPs dilakukan dengan mencampurkan larutan AgNO3 1 mM 

dan ekstrak daun mimba. Karakterisasi AgNPs menggunakan spektrofotometer 

UV-Vis, PSA, TEM, SEM-EDX, FTIR spectrometer, dan X-Ray Diffractometer. 

Keefektifan AgNPs pada perkecambahan dan kesehatan benih diuji dengan metode 

priming AgNP (4, 8, 12, dan 15 ppm). Konsentrasi yang terbaik dari pengujian 

tersebut digunakan untuk uji keefektifan AgNPs terhadap pertumbuhan, hasil, dan 

ketahanan tanaman kedelai pada berbagai tingkat cekaman kekeringan dengan 

menggunakan metode priming dan pelapisan benih. Selanjutnya priming dan 

pelapisan benih dengan AgNPs diuji keefektifannya terhadap daya simpan dan 

kesehatan benih kedelai pada penyimpanan terbuka (suhu 27º–29,7ºC, RH 62–79%, 

kemasan plastik) selama 6 bulan. Terakhir, keefektifan AgNPs diuji terhadap 

ketahanan tanaman kedelai pada infeksi CMV-S menggunakan metode 

penyemprotan daun (50 dan 60 ppm).   

Hasil percobaan pertama dimulai dengan karakterisasi partikel yang 

menunjukkan bahwa AgNPs berbentuk bulat, puncak absorbansi λ=414 nm, ukuran 

z-average 43,9 nm, indeks polidispersitas 0,322, zeta potential -28,8 mV. AgNPs 

dikonfirmasi terdiri atas 55,9% unsur Ag dengan struktur kristalit yang teratur, dan 

sisanya berupa unsur C, O, dan N berasal dari ekstrak daun mimba yang 

mengandung gugus hidroksil, karboksil dan amida, yang berfungsi sebagai 

pereduksi dan capping agent dalam proses biosintesis. Pengujian keefeektifan 

nanopriming dengan konsentrasi AgNP 15 ppm mampu meningkatkan viabilitas 

benih (potensi tumbuh maksimum), vigor benih (pemunculan radikula), dan 

mengurangi persentase benih mati. 



Hasil percobaan kedua menunjukkan bahwa aplikasi AgNP 15 ppm melalui 

priming dan pelapisan benih menyebabkan penurunan tinggi tanaman, bobot kering 

tajuk, bobot kering akar, dan volume akar. Tanaman mengalami stres oksidatif yang 

dibuktikan dengan meningkatnya kadar malondialdehida (MDA) setelah perlakuan 

AgNPs dan cekaman kekeringan. Aplikasi AgNPs meningkatkan ketahanan 

tanaman kedelai dengan mengendalikan sistem osmoregulasi (prolin) untuk 

mengurangi dampak negatif akibat stres oksidatif. Aktivitas enzim katalase (CAT) 

mengalami penurunan pada tingkat cekaman kekeringan sedang (KL 60%) dan 

berat (KL 40%).  

Hasil percobaan ketiga menunjukkan bahwa priming dan pelapisan AgNP 15 

ppm memiliki efek positif pada tanaman kedelai dengan mempertahankan 

pertumbuhan tanaman dan hasil kedelai pada kondisi cekaman kekeringan. Priming 

dan pelapisan benih dengan AgNPs menyebabkan keterlambatan inisiasi 

pembungaan dibandingkan dengan tanpa AgNPs. Tanaman kedelai beradaptasi 

pada cekaman kekeringan dengan mengurangi jumlah daun dan meningkatkan 

klorofil daun (indeks hijau daun). 

Hasil percobaan keempat menunjukkan bahwa priming dan pelapisan benih 

dengan AgNPs belum mampu mempertahankan daya simpan benih kedelai, karena 

kadar air benih yang tinggi saat disimpan. Priming benih dengan AgNPs 

meningkatkan pemunculan radikula dan menekan elektrokonduktivitas 

dibandingkan dengan kontrol hanya pada 0 bulan periode simpan. Priming benih 

dengan AgNPs menurunkan insidensi cendawan terbawa benih, sedangkan 

pelapisan benih tidak menunjukkan berbeda signifikan dengan kontrol selama 6 

bulan periode simpan. 

Hasil percobaan kelima menunjukkan bahwa perlakuan AgNPs dengan 

konsentrasi 60 ppm mampu memperpanjang waktu inkubasi, menekan insidensi 

penyakit, keparahan penyakit, dan titer virus. Penghambatan infeksi CMV-S ini 

terjadi karena adanya peran enzim peroksidase yang meningkat setelah diberi 

perlakuan AgNPs. Infeksi CMV-S pada tanaman kedelai menyebabkan penurunan 

kadar klorofil, tinggi tanaman, jumlah daun, jumlah polong, bobot polong, dan 

jumlah biji kedelai, dibandingkan dengan kontrol sehat. Perlakuan AgNP 60 ppm 

mampu mempertahankan kadar klorofil, pertumbuhan tanaman, dan hasil kedelai 

meskipun tanaman terinfeksi CMV-S. 

 

Kata kunci: biosintesis AgNPs, infeksi CMV-S, ketahanan tanaman, penyimpanan 

benih, pertumbuhan tanaman, stres oksidatif   

  



SUMMARY 

SUBHAN ARRIDHO. Priming Silver Nanoparticles (AgNPs) to Enhance Soybean 

Seed Production and Quality under Biotic and Abiotic Stress. Supervised by 

SATRIYAS ILYAS as commission chairman, ABDUL QADIR, ENY WIDAJATI, 

and TRI ASMIRA DAMAYANTI as members of the advisory committee. 

Soybeans (Glycine max L.) are one of the most important food crops in 

Indonesia after rice and corn, with demand tending to increase, but productivity 

remaining low. Among these causes are climate change and pathogen attacks, 

which induce systemic stress in soybean plants. Silver nanoparticles (AgNPs) have 

garnered significant attention from researchers as a potential solution to address the 

abiotic and biotic stresses faced by plants, particularly those derived from 

biosynthesis methods. The use of AgNPs formulations requires thorough 

investigation to understand their positive and negative effects on soybeans. This 

study aimed to develop AgNPs formulations based on mimba leaf extract and test 

their effectiveness in improving physiological quality and seed health, plant growth 

and yield, and plant resistance to drought stress, storage, and viral infection. 

The biosynthesis of AgNPs was carried out by mixing a 1 mM AgNO3 

solution with neem leaf extract. Characterisation was performed using a UV-Vis 

spectrophotometer, PSA, TEM, SEM-EDX, FTIR spectrometer, and X-Ray 

Diffractometer. The effectiveness of AgNPs on seed germination and seed health 

was tested using the AgNP priming method (4, 8, 12, and 15 ppm). The optimal 

concentration from these tests was used to assess the effectiveness of AgNPs on 

soybean growth, development, yield, and drought tolerance under various drought 

stress levels using priming and seed coating methods. Furthermore, the 

effectiveness of AgNP priming and coating on soybean seed storage life and health 

was tested during 6 months of uncontrolled storage (temperature 27º–29,7ºC, RH 

62–79%, plastic packaging). Finally, the effectiveness of AgNPs on soybean plant 

resistance to viral infection was tested using foliar spray (50 and 60 ppm). 

The first experiment began with particle characterisation, which showed that 

AgNPs were spherical in shape, with an absorbance peak at λ = 414 nm, a z-average 

size of 43.9 nm, a polydispersity index of 0.322, and a zeta potential of -28.8 mV. 

The AgNPs were confirmed to consist of 55.9% Ag with a regular crystalline 

structure, and the rest was composed of C, O, and N derived from the mimba leaf 

extract, which contained hydroxyl, carboxyl, and amide groups that functioned as 

reducing and capping agents in the biosynthesis process. Testing the effectiveness 

of nanopriming with a 15 ppm AgNP concentration increased seed viability 

(maximum growth potential), seed vigour (radicle emergence), and reduced the 

percentage of seed mortality. 

The results of the second experiment showed that the application of 15 ppm 

AgNPs through seed priming and coating decreased plant height, shoot dry weight, 

root dry weight, and root volume. The plants experienced oxidative stress, as 



evidenced by increased malondialdehyde (MDA) levels after AgNPs treatment and 

drought stress. The application of AgNPs increased the resistance of soybean plants 

by controlling the osmoregulation system (proline) to reduce the adverse effects of 

oxidative stress. Catalase (CAT) enzyme activity decreased under moderate (KL 

60%) and severe (KL 40%) drought stress. 

The results of the third experiment showed that seed priming and coating with 

15 ppm AgNPs had a positive effect on soybean plants by maintaining plant growth 

and yield under drought stress conditions. Seed priming and coating with AgNPs 

delayed flowering initiation compared to that without AgNPs. Soybean plants adapt 

to drought stress by reducing the number of leaves and increasing leaf chlorophyll 

(leaf green index). 

The results of the fourth experiment showed that seed priming and coating 

with AgNPs could not maintain seed storability because of the high moisture 

content during storage. Seed priming with AgNPs increased radicle emergence and 

suppressed electrical conductivity compared to the control, but only at 0 months of 

storage. Seed priming with AgNPs reduced the incidence of seed-borne fungi, 

whereas seed coating did not show a significant difference from the control during 

the 6-month storage period. 

The results of the fifth experiment showed that AgNPs treatment at a 

concentration of 60 ppm significantly prolonged the incubation period, suppressed 

disease incidence, severity, and virus titer. This inhibition of CMV-S infection 

occurred due to the role of peroxidase enzymes, which increased after treatment 

with AgNPs. CMV-S infection in soybean plants causes a decrease in chlorophyll 

content, plant height, number of leaves, number of pods, pod weight, and number 

of soybeans compared to healthy controls. Treatment with 60 ppm AgNP 

maintained chlorophyll content, plant growth, and soybean yield, even though the 

plants were infected with CMV-S. 

 

Keywords: AgNPs biosynthesis, CMV-S infection, oxidative stress, plant growth, 

plant resistance, seed storage 
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