Iranian Journal of Field Crops Research
Homepage: https://jcesc.um.ac.ir R

Research Article
Vol. 22, No. 2, Summer 2024, p. 169-195

Effect of Planting Date and Moisture Levels on Some Physiological and
Biochemical Traits of Quinoa Cultivars (Chenopodium quinoa Willd.) in Birjand
and Sarbisheh Regions

F. Golestanifar®!, S. Mahmoodi®23*, H. R. Fallahi%3, A. Shahidi*

1- PhD Students, Department of Plant Production and Genetics, Faculty of Agriculture, University of Birjand, Birjand,
Iran

2- Associate Professor, Department of Plant Production and Genetics, Faculty of Agriculture, University of Birjand,
Birjand, Iran

3- Plant and Environmental Stresses Research Group, Faculty of Agriculture, University of Birjand, Birjand, Iran

4- Associate Professor, Department of Water Engineering, University of Birjand, Birjand, Iran

(*- Corresponding Author Email: smahmoodi@birjand.ac.ir)

How to cite this article:
Received: 12 November 2023 Golestanifar, F., Mahmoodi, S., Fallahi, H. R., & Shahidi, A. (2024). Effect of Planting
Revised: 29 January 2024 Date and Moisture Levels on Some Physiological and Biochemical Traits of Quinoa
Accepted: 03 February 2024 Cultivars (Chenopodium quinoa Willd.) in Birjand and Sarbisheh Regions. Iranian Journal
Available Online: 14 May 2024 of Field Crops Research, 22(2), 169-195. (in Persian with English abstract).
https://doi.org/10.22067/jcesc.2024.85306.1279

Introduction

The economic importance of quinoa is not only due to the possibility of using the seeds as a food product
characterized by a similar composition and use as consumer cereals but the species can also be managed as a
leafy vegetable with high nutritional value and similar uses, such as, for example, spinach. Drought is another
environmental stressor for plants subjected to severe water stress, especially in semi-arid and arid environments.
Water scarcity poses a considerable challenge to crop production, leading to a notable reduction in crop yield.
Quinoa, however, boasts low water requirements and demonstrates resilience in drought conditions. Even during
dry periods, quinoa can effectively sustain leaf area and regulate photosynthetic activity. This resilience is
facilitated by structural characteristics such as small, thin-walled cells, tissue flexibility, low osmotic potential,
and controlled leaf area reduction through dehiscence. Other quinoa features for sustaining turgor pressure
through osmotic adjustment during drought stress include inorganic ion buildup (e.g., Ca, K, and Na) and
improved organic element synthesis (carotenoids and proline). Quinoa genotypes have several drought-resistance
mechanisms, enabling this crop to grow and develop under severe drought conditions.

Materials and Methods

To evaluate the effect of moisture levels on some quinoa cultivars biochemical traits, four separate
experiments were conducted in a factorial layout based on randomized complete block design with three
replications in two regions (Birjand and Sarbisheh) and two planting dates (March and July/August) in 2018-
2019. The experimental factors included five moisture levels (25, 50, 75, 100, and 125% of crop water
requirement) and three quinoa cultivars (Titicaca, Gizal, and Redcarina). Some quinoa physiological and
biochemical traits were evaluated by composite analysis at the 50% flowering stage and the effects of planting
date and location were considered fixed.

Results and Discussion

The results showed that in August/July cultivation, the characteristics of RWC, electrolyte leakage, sodium
percentage, potassium percentage, chlorophyll a, carotenoids, proline content, and total soluble carbohydrate of
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leaves were increased by 17.10, 74.62, 95.51, 31.9, 3.53, 38.65, 94.19 and 9.30% respectively and chlorophyll b
content decreased by 13.15% compared to March culture. Also, in Sarbisheh, RWC, electrolyte leakage,
potassium percentage, and leaf carotenoids are respectively 3.53, 38.65, 94.19 and 9.30% more than Birjand, but
sodium percentage, chlorophyll a, chlorophyll b, proline and total soluble carbohydrates of leaves were 4, 1.88,
15.67, 51.02 and 30.41% less than Birjand, respectively. In most of the studied traits, the Gizal cultivar had
higher quality traits. Severe water scarcity resulted in an elevation of certain biochemical traits in quinoa leaves.
Specifically, as moisture levels decreased from 125% to 25% of the water requirement, there was a significant
increase in electrolyte leakage, sodium and potassium percentages, chlorophyll a and b, carotenoids, proline, and
total leaf soluble carbohydrates by 24.50%, 37.84%, 35.89%, 24.83%, 59.12%, 48.75%, 51.58%, and 36.71%,
respectively. However, the relative water content (RWC) decreased by 17.70%. Notably, there were no
significant differences observed between the 125% and 100% levels of water requirement for most of the
analyzed traits.

Conclusion

In general, with the significance of the triple interaction of planting date x location x cultivar, as a result, the
reaction of each variety depends on the planting date and location of its planting. But in general, most of the
quinoa leaf physiological and biochemical traits increased in August/July cultivation. In Birjand, due to the
higher average temperature and other climatic parameters compared to Sarbisheh, and probably understanding
the heat stress, traits such as photosynthetic pigments, proline, and soluble carbohydrates had higher values. In
this research, the Gizal was superior to the other two cultivars, and moisture stress caused a significant decrease
in the water content of the leaves and a significant increase in quinoa leaves quality traits.
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Table 1- The results of soil and water tests in the studied areas

Water ol
Location 3ble
Birjand & Sarbisheh aiuw
Cwils g ,b March August March July
Planting date odws 313 50 b 313 50
pH 8.1 8.1 75 75
(dsSm?) EC 2.64 3.32 2.88 2.78
(meq L1)°® SAR 1.69 7.15 1.97 9.51
(meq L) Na 4.64 21.21 4.44 19.67
(meq L) Mg 0.16 0.19 0.23 0.24
(meg L) Ca 3.70 4.46 4.69 4.30
meq L) K 11.90 12.78 4.62 4.33
(meq L) Cos* 1.14 0.58 0.00 0.00
HCos%( meq L) 3.93 3.71 2.50 1.59
(meq LY CI- 15.84 20.53 19.10 17.91
Soil SW
Location 3blo
Birjand W ,w  Sarbisheh avius pw
Soil pattern S cél Sandy loam Sandy loam

S ) o Slglyd Clay 4 12

Relative abundance of soil particles (%) ~ St 28 20

elative abundance of soil particles (%) sand 68 63

pH 8.1 7.7
(dSm?t) EC 2.08 10.31
(meg L1)%5 SAR 0.40 23.86
(meqg L) Na 1.22 84.23

(meq L) Mg 15 10

(meq L) Ca 3.75 15

K available (mg kg?) 280 320

P available (mg kg) 2.4 39.4

Organic carbon (%) 0.23 0.18

Organic matter (%) 0.40 0.32

Nitrogen (meq L) 0.015 0.012
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Figure 1- Some important climate parameters of Birjand and Sarbisheh meteorological stations
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Table 4- Mean comparison of double and triple interaction effects on RWC (%)
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Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 5- Mean comparison of double interaction effects on leaf electrolyte leakage (%)
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Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 6- Mean comparison of double interaction effects (Moisture levels x Planting Date) on sodium ion leaves (%)
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Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 7- Mean comparison of double interaction effects on potassium ion leaves (%)

o) x o O x Cwils &,
Location x Cultivar Planting date x Location
Cultivar Location
Location Gizal Redcarina  Titicaca Planting date Birjand  Sarbisheh
Birjand 6.34¢C 6.04¢c 5.92¢ sledls o March 4.82d 1559 a
Sarbisheh 12.88 a 12.25a 1041b olozawl July/August 7.38¢ 8.10b

A3l oo FLSD (905l (olusly oy gy Jloin] g 33l gixe M pite odimd L cabliva g o (6l > (slopSilie
Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 8- Mean comparison of double interaction effects on chlorophyll a (mg g FW)

wdy % Sl & ,U O x Culils & ,U
Planting date x Cultivar Planting date x Location
Cultivar Location

Planting date

Gizal Redcarina Titicaca

Planting date Birjand  Sarbisheh

sledls ;o March 16.21 ab 16.57 a

16.42 ab
olosiawl July/August  15.29 b 1400 c 13.14 ¢

olels o March 16.78 a 16.01b
oloiawl July/August 1347 d 14.82 ¢

Al e FLSD Q}.o)’-l ool do s gy Jleis] o 53 )y e BB pac onimd lis ciliie gy ()l (sl Slo
Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 9- Mean comparison of double and triple interaction effects on chlorophyll b (mg gt FW)

oy x CuldlS U O x il U
Planting date x Cultivar Planting date x Location
) Cultivar ] Location
Planting date Gizal Redcarina Titicaca Planting date Birjand Sarbisheh
sleals o March 496 a 3.77h 2.72¢ oleal> .o March 3.94b 3.69b
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Cultivar x Moisture levels Planting date x Location x Cultivar
Cultivar Cultivar ) ) Location
Moisture levels Gizal  Redcarina  Titicaca Planting date Cultivar~Birjand  sarbisheh
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Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 10- Mean comparison of double and triple interaction effects on carotenoids (mg g'FW)

g x Gl & U O x Cuils & U
Planting date x Cultivar Planting date x Location
) Cultivar ) Location
Planting date Gizal  Redcarina Titicaca Planting date Birjand Sarbisheh
sladly e March 0.548 bc 0.569 b 0.641a sladl> e March 0.598 a 0.573 ab
slaxiawl July/August  0.495 cd 0.471 de 0.426 ¢ sloaial July/August 0.405 ¢ 0.523 b
shasby sl X Cidls ) wd) X e x culS )6
Planting date x Moisture levels Planting date x Location x Cultivar
Planting date Planting date Location
. Planting date Cultivar - .
slodls ;o March  slosiawl July/August Birjand
Moisture levels o el YLD ) Sarbisheh
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Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 11- Mean comparison of double and triple interaction effects on leaf proline content (mmol g*FW)
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25% 37.13a 15.33 de 25% 19.03 cde 33.43a
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Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 12- Mean comparison of double and triple interaction effects total leaf soluble carbohydrate content (mg g* FW)

oo X Cuils g U
Planting Date x Location

Planting Date x Location x Cultivar

Planting Date

Planting Date  3,1y/August March
yimig Location  Cultivar ~ July/August  March
. olositw! 8lod!> yo .
Location LIPRVEINY alodld o
Birjand 1752 ¢c 4747 a Gizal 17.50d 4991 a
Sarbisheh 30.14 b 15.09 ¢ Birjand Redcarina 18.41d 47.05a
ok, zoku X 450 Titicaca 16.64 d 45.44 a
Moisture levels x Location Gizal 35.09b 15.15d
Location - ; Sarbisheh i
Moisture levels Birjand Sarbisheh Redcarina 29.12 ¢ 14.25d
125% 27.16 cd 2030 f Titicaca 29.19¢ 15.86d
Water requirement 100% 29.11¢ 22.70 ef
R 75% 30.38¢ 23.28 def
ok (2 )%
50% 35.50b 22.22 ef
25% 40.31a 24.56 de
b o FLSD (9051 (bl duop> ety Jloss] prdaws )3 o size i3] pie oo L5 cslite Ggy> (gl (sl puSilio
Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 13- Mean comparison of triple interaction effects on biological yield (kg ha)
sHob s ok x (e x CudlS U pdy X O x Gl U
Planting date x Location x Moisture levels Planting date x Location x Cultivar
Location Planting Moisture levels Location  Flanting Cultivar
date 125%  100% 75% 50% 25% date Gizal  Redcarina Titicaca
'\ﬂa'mh 114031 103855  grg594e  7220.3gh  5432.9jk March 101020 915590 732116
.. oladld ye bc d .. olodls o b
Birjand Birjand
August ) . August 6216.2
osii 79709fg  7047.4gh  6682.0hi  5649.4jk  4787.5kI orii g 7415.2¢ 5650.4 g
March . March 8786.4
sl 10356.7d  9290.9e 8296.7f  5834.4if  3483.1m sLosls od 7184.0e 6387.7 fg
. 2 i o
Sarbisheh Sarbisheh
July 13609.8 July 9385.2
sosii 8a  12075.1b  10511.9cd  7914.8fg  4465.11 i 8591.4d  11169.0a b

Sl o FLSD (yg0)] oluolp duoyd gy Jloso] grdaw 53 I size B3 pite oimd L casliie g (sl (slan Sl
Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 14- Correlation between quinoa biological yield and quinoa leaf physiological and biochemical traits in two planting dates and location

o s . . Ol g S
: Planting % el O90SR ddeD e K
Location o O s g I * Chlorophyll  Chlorophyll . o oo
ate =] (ot * Na K b Carotenoids  Proline Total
RWC EL a
carbohydrate
March
. . 0.431%* -0.512 ** -0.421*  -0.355* -0.350 * -0.216 ™ -0.524 ** -0.441 *=* -0.609 **
Birjand Lol
Xz y July/August w o o . i o o **
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