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Figure 1. Interaction between chitosan and potassium nitrate on germination percentage of quinoa. Columns
with similar letters have no significant difference (P<0.05) based on Duncan's multi-range test.
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Table 2. Comparison of the interaction between different levels of chitosan and potassium nitrate for the
average quinoa germination properties
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Chitosan Pot?ssmm Shoot Root Germination Allometric
(%WIV) nitrate length length factor factor
(%W/V) (cm) (cm)

0 4287 422 % .13 1357

0 Hydroprime 383 324" 1.02 1.57°¢
0.2 3.85% 5.03 % 1.03 ¢ 1.61%

0.5 3.74 ¢ 4,68 111 1.57°¢
0 32°F 438 % 1.12 1.91°%
0.01 Hydroprime 3.34 di 426 bj 1.06 : 1.94 3"
: 0.2 3.47 475 1.01°¢ 1.66 *
0.5 4.69° 488 1f 1.23°
0 3.53 9 3.61¢8 1.09 < 1.76 ¢
0.02 Hydroprime 3.46 :: 3.65"% 1.08 d 1.74 <

: 0.2 3.45 535% 1.11°¢ 2.1°
0.5 42"% 3.98 1.29° 1.67 %

0 3519 3.13" 0.99 " 1.7%
0.04 Hydroprime 3141 341 099" 1.66 %
: 0.2 3.75% 3.55¢8 1.08 < 1.58 %
0.5 3.7% 452" 1.19° 1.64 %
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In each column, means with similar superscript letters are not significantly different at P<0.05 of Duncan's
multi-range test.
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Figure 2. The interaction between chitosan and potassium nitrate on the relative water content in the quinoa
plant. Columns with similar letters have no significant difference (P<0.05) based on Duncan's multi-range
test.
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Effect of Chitosan Nano Particle and Potassium Nitrate on Germination
and Some Morpho-physiological Characteristics of Seedlings of

Quinoa (Chenopodium quinoa willd)
Ali Mansouri ', Heshmat Omidi "

Extended abstract

Introduction: Quinoa, with the scientific name (Chenopodium quinoa Willd), belongs to the Spencer
family. Seeds vigor can be improved with a variety of seed priming methods. In this method, the seeds are
soaked in water or various osmotic solutions and then dried to the original moisture. After priming treatment,
seeds are stored and cultivated as untreated seeds. Potassium nitrate is the most frequently used chemical for
the purpose of increasing seed germination and is recommended by the Society of Official Seed Specialists
and the International Association of Seed Testing for germination experiments of many species. In recent
years, the use of nanoscale materials has been of great interest to researchers. Chitin, one of the most
abundant polysaccharides in nature, is a polymer chain of N-acetyl glucosamine and is associated with other
proteins and other organic compounds, and numerous industrial, pharmaceutical and agricultural applications
have been reported for it. The present study was carried out to investigate the effects of chitosan
nanoparticles and potassium nitrate on some morphological characteristics, germination characteristics,
chlorophyll content and relative humidity of quinoa plant.

Materials and Methods: In order to investigate the effect of pretreatment of quinoa seeds with chitosan
nanoparticles and potassium nitrate solution on the early stages of germination, a factorial experiment was
conducted in a completely randomized design with four replications in Seed Processing Laboratory, Faculty
of Agricultural Sciences and Natural Resources, Shahed University, Tehran, Iran. Experimental treatments
consisted of priming with chitosan nanoparticles in 4 levels (no primers, 0.01, 0.20 and 0.04% w / v) and
potassium nitrate in 3 levels (no primers, 0.2 and 0.5% Weight percent) and hydroperime for 2 hours at 25°
C. For each replicate of every treatment 100 seeds, using standard priming methods, were treated with the
materials mentioned above and were dried in a petri dish on Watman paper No. 1 at 20 + 1 ° C and relative
humidity of 70% and 16 hours of daylight and 8 hours of darkness to make germination work. After that,
germination percentage, root length, shoot length, germination coefficient, Allometric coefficient, relative
water content, chlorophyll content a and b were measured, using standard methods.

Results: Seed treatment with 0.2% potassium nitrate solution increased germination by 9% and treatment
with chitosan 0.01% increased germination by 14%, compared with the non-primer treatment. The priming
treatment with a 0.5% solution of potassium nitrate and 0.01% chitosan increased germination by 36%,
compared to the non-primer treatment. Potassium nitrate increased root length by 25% and shoot length by
10%. In addition, chitosan 0.01% increased the root length by 6%, and seeds with chitosan 0.02% and
potassium nitrate 0.2% increased the root length by 32%. The effects of potassium nitrate, chitosan and their
interaction on chlorophyll a and b were significant at 1% probability level. The highest levels of chlorophyll
a were obtained in 0.02% chitosan and 0.2% potassium nitrate. This formulation increased the chlorophyll a
content by 33%. The highest amount of chlorophyll b was obtained by applying 0.01% chitosan and 0.5%
potassium nitrate.

Conclusion: The results of this study showed that treatment with 0.01% w/v chitosan and 0.5% w/v
potassium nitrate resulted in the highest germination percentage, chlorophyll content a and b, relative water
content, and stem length. Treatment with 0.02% chitosan and 0.2% potassium nitrate resulted in the highest
allometric coefficient and root length.

Keywords: Allometric coefficient, Chlorophyll, Relative water content, Root length, Germination
percentage

Highlights:

1- Chitosan nano particle and potassium nitrate increase quinoa germination.
2- Chitosan nano particle and potassium nitrate increase the content of chlorophyll a and b.
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