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Introduction

Deficit irrigation offers a solution for optimizing crop production under water stress conditions, albeit with an
initial reduction in yield per unit area. Employing deficit irrigation aids in farm management in scenarios where
land availability isn’t constrained, enabling the determination of optimal cultivation patterns while conserving
water consumption. However, deficit irrigation may influence plant growth and development by inducing
drought stress. Due to several capabilities, quinoa shows resistance to solar radiation, temperature, water
availability, and atmospheric CO, concentration, which makes it possible to cultivate it in different agricultural
areas. Quinoa also has a great capacity for cultivation in dry and low-water soils. Although growth analysis
sometimes provides valuable clues, it does not provide any physicochemical information related to the
environmental reactions of plants; in other words, the main benefit of many quantities involved in growth
analysis is to provide an accurate estimate of the ability and efficiency of the plant in the community at certain
time intervals. In general, growth analysis evaluates the system based on the results of physiological
manifestations. The purpose of this research was to evaluate the physiological growth analyses of three quinoa
cultivars under different moisture levels in summer and spring planting dates in the South Khorasan region.

Materials and Methods

To evaluate the physiological traits of three quinoa cultivars under deficit irrigation conditions, four separate
experiments were conducted using a factorial layout based on a randomized complete block design. These
experiments included three replications and were carried out in two regions (Birjand and Sarbisheh) during two
planting dates (March and July) in 2018-2019. The experimental factors consisted of five moisture levels
(ranging from 25% to 125% of crop water requirement) and three quinoa cultivars (Titicaca, Gizal, and
Redcarina). To compare the cultivars and assess the impact of humidity levels, several physiological indices—
such as leaf area index (LAI), crop growth rate (CGR), relative growth rate (RGR), and net assimilation rate
(NAR)—were studied. Regression curves were fitted to the data from all four experiments separately, and
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separate analyses of variance were also performed for each sampling time.
Results and Discussion

The trend of changes in the leaf area index (LAI) showed that the time needed to reach the maximum LAl
was observed between 106 to 107 days after emergence in March and between 73 to 76 days after emergence in
July in Birjand, respectively. In Sarbisheh, the maximum LAI was observed on day 104 after emergence in
March and between 65 to 72 days after emergence in July. In March, in both studied areas, Redcarina had the
highest LAI values (4.5 in Birjand and 6.7 in Sarbisheh), along with the maximum crop growth rate (CGR) of
17.93 g m? day? in Birjand and 20.63 g m day! in Sarbisheh. Conversely, in July, Gizal exhibited the highest
LAI (6.4 in Birjand and 6 in Sarbisheh), along with the maximum CGR of 19.32 g m-2 day™ in Birjand and 18.11
g m2 day? in Sarbisheh. Additionally, the highest relative growth rate (RGR) and net assimilation rate (NAR) at
the beginning of the growing season in March were observed for Redcarina, while in July, Gizal demonstrated
the highest RGR and NAR in both studied areas. Considering the effect of humidity levels, the highest levels of
LAI, CGR, RGR, and NAR indices were observed at the 125% water requirement level. Specifically, the
maximum LAl values in March (in Sarbisheh and Birjand) and August (in Sarbisheh and Birjand) were 8.2, 5.3,
6.5, and 7.2, respectively. The maximum CGR values were 28.78, 23.56, 22.96, and 26.18 g m2 day?,
respectively. Furthermore, the highest RGR at the beginning of the growing season ranged from 0.189 to 0.214 g
gt day?, and the highest NAR at the beginning of the growing season ranged from 6.16 to 10.22 g m~ day™.
Conversely, the lowest values of these indices were observed at the 25% water requirement level.

Conclusion

Overall, Redcarina, cultivated in March, and Gizal, cultivated in July, exhibited the most favorable growth
analysis indices and grain yield compared to other cultivars. Additionally, deficit irrigation resulted in a decrease
in all of these indices and grain yield.
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Table 3- Analysis of variance of Leaf area index (LAI) during the growing season in two locations and times

Location P'ggg‘g S.0V Df LAL, LAI, LAl LA, LAIs LAl LA,
Sampling day (Day after emergence) (¢ )bpdiges 39,
B 27 36 50 64 78 92 -
= Block Sl 2 0.0002™  0.054 "™ 0.102 ™ 0.624™  7.486™ 0.308 ™ -
fo Cultivar o) 2 0.008 ™ 0.033 "™ 1.036 10717 10748 19.402 " -
s Moisture levels b, zstaw 4 0.0005™  0.058" 3606  12.866™ 26142 12120 -
E § CxM b, golaw x ',»s) 8 0.0046 0.049 0.380 ™ 2240™ 1816 0.694 ™ -
o 3 Error s 28 0.0009 0.019 0.596 1.128 3.012 0.900 -
@ CV (%) &lyis oy 16.91 24.11 28.30 26.32 34.68 28.83 -
3% - 55 66 76 89 100 115 -
4 % Block Sy 2 0.0039™  0.004 "™ 0.490 ™ 0.151™  3.666 " 13.002 " -
S Cultivar o) 2 0.0018™  0.041" 1777 1578 4117" 2.196 ™ -
ol Moisture levels b, b 4 0.0009™  0.328" 0.359 ™ 2255™ 10676  11.336 ™ -
"3 Cx M Lugb, oo X o, 8 0.0052"™  0.023" 0.193 ™ 0516™  1.478™ 1.879 ™ -
_'3 Error s 28 0.0038 0.226 0.244 ™ 0.425 0.856 2.777 -
° CV (%) &lyis oy 43.43 24.20 33.45 24.65 26.73 37.82 -
34 45 54 65 76 87 97
= Block Sob 2 0.042 1.036 ™ 4.827™ 7/507 " 12.8437 2992 5.863 "
E Cultivar o5 2 0.506 " 0523 3.808"™ 12122 20924 20586  37.014 ™
Moisture levels b, b 4 0.088™ 26142  16.713™ 21743 32885 13.941™  7.280™
< 3 Cx M Ligb, zohaw x o3, 8 0.169 ™ 1.816 "™ 3.419° 2.741" 4.410" 2.798" 1.622
% 3 Error [ 28 0.111 0.736 1.465 1.004 1.581 1.171 1.213
§ ° CV (%) (&l oS ey 57.32 38.49 3257 24.19 27.64 35.44 52.12
- 49 54 68 81 92 108 123
3; e Block Sl 2 0.0003™  0.312* 1.110 " 3.465™  0.889 ™ 3.223™ 4773
3 § Cultivar o) 2 0.0009 0.248 " 0.812” 1.214™ 3799 8.757 " 1.750 ™
® Moisture levels b, zstau 4 0.0011*  0.026 ™ 1/698™ 14696 24.896™  42.681™ 25553
g CxM b, zohaw X o3, 8 0.0001™  0.040 " 0964 ™ 1.792™ 1404 1.052 " 2.120v ™
_'S Error s 28 0.0002 0.054 0.213 1.634 1.459 1.629 1.533
° CV (%) () &y cupo 18.92 38.39 25.54 34.68 24.25 22.38 25.88

Sbsine pis g doyd K g gy Jloin] paw (3 (6B gime cuiay NS o P
*,™, and ™ represent significant at of 5% and 1% probability level and not significant, respectively.
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Figure 1- Leaf area index Changes of quinoa cultivars during the growing season in two location and times
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Figure 2- Leaf area index changes in different humidity levels during the growing season in two locations and times
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Table 4- Analysis of variance of Crop growth rate (CGR) during the growing season in two locations and times

Location P'ggt'eng S.0.V Df CGR: CGR: CGRs CGR: CGRs CGRs CGRy
Sampling day (Day after emergence) (5,15 udig05 39,
2 13 31 43 57 71 85 -
=X Block Sl 2 0071™ 3431 5007™ 9354"™ 13.415"™ 28.573™ -
fo Cultivar o3 2 0007™ 1939 26816 14481 24229 78.261"" -
5 5 Moisture levels g, rsow 4 0.008™ 35317 83.038™ 39890 47234 202.03™ -
= 2 Cx M b, zobs x o3, 8 0005™ 1.000° 3.789™ 24785"™ 29.399"  15.816™ -
=) - Error [ 28  0.008 0.390 3.115 10.823 17.558 13.733 -
@ CV (%) (Slysts ctps 37.85 24.44 26.39 23.40 28.45 28.06 -
3 27 61 71 82 94 107 -
4 S Block Sl 2 0012™ 0932™ 0.675™ 8876™  3317"™  22.614" -
§ Cultivar o) 2 00007™ 0725™ 17415 82327 33592 37.236™ -
P Moisture levels b, zoa 4 0.0008™ 7119 74832 19365 44678  22.490" -
E CxX M agb) zohaw X o, 8 00012™ 1023° 5834™ 12995 10.83™  6.556™ -
3 Error s 28 0.002 0.362 2574 5.665 7.044 5.987 -
CV (%) (s ups 37.93 20.53 21.33 16.15 18.61 30.20 -
17 40 50 60 70 81 92
> Block Ssh 2  0160™ 0435™  4639™ 25811"™ 3551™  7.683™  0.867"™
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Figure 3- Crop growth rate Changes of quinoa cultivars during the growing season in two location and times
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Figure 4- Crop growth rate changes in different humidity levels during the growing season in two locations and times
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Table 5- Analysis of variance of Relative growth rate (RGR) during the growing season in two locations and times

Location Planting date S.0.vV Df RGR: RGR:2 RGR3 RGR4 RGRs RGRs
Sampling day (Day after emergence) (5,15 diged jo,
- 31 43 57 71 85 =
é Block Sk 2 0.0035"™ 00010™ 0.0005™ 897E-5" 357E-5™ -
Z Cultivar o8, 2 0.0030"™ 0.0004"™ 00004™ 18lE-5" 182E-5™ -
© Moisture levels gb) 7ok 4 0.0038™ 00017 00002"™ 294E-5™ 6.08E-5™ -
- } CxM b, zohaw x o8, 8 0.0015™ 0.0001™  0.0004™ 9.23E-5™ 120E-4™ -
E ] Error s 28 0.0016 0.0004 0.0002 0.00022 6.59 E-5 -
-5 Q CV (%) (s g pd 23.46 19.87 19.70 41.63 50.18 -
. 61 71 82 94 107 =
3§ 5 Block Sl 2 0.0014™ 0.0005 " 0.0006© 2.80E-5™ 3.23E5"™ -
3 ; Cultivar o) 2 0.0009™ 0.0004"™ 295E-5™ 6.53E-6™ 591E-5™ -
w0 Moisture levels b, zgos 4 0.0046 ™  0.0007°  0.0001™  0.00036 ™ 9.37E-5" -
E Cx M Lusb) gslaw x o8, 8 0.0010™ 0.0002"™  0.0003™ 6.08E-5™ 290E-5™ -
3 Error s 28 0.0009 0.0002 0.00015 4.07 E-5 2.76 E-5 -
CV (%) (s g pd 18.59 13.88 16.08 17.70 31.83 -
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< } CxM by zskaw X o8, 8 0.0019™  0.0008 " 0.0003° 4.30E-5™ 150E-5™ 584E-6"™
5 3 Error s 28 0.0015 0.0007 0.00009 244E5  177E5  277E-6
% CV (%) (s oy 22.11 25.90 16.30 26.28 43.88 34.80
51 61 75 87 100 116
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3 Error (= 28 0.0027 0.0003 0.00049 0.00023 6.71 E-5 3.62E-5
CV (%) (12)3) &lyuss oy 30.60 1252 26.95 28.84 31.13 42.60
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, ", and ™ represent significant at of 5% and 1% probability level and not significant, respectively.
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Figure 5- Relative growth rate Changes of quinoa cultivars during the growing season in two locations and times.
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Figure 6- Relative growth rate changes in different humidity levels during the growing season in two locations and
times. (Vertical lines on each sampling represent FLSD value at the 5% level)
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Table 6- Analysis of variance of Net assimilation rate (NAR) during the growing season in two locations and times

Location Planting date S.0.V Df NAR: NAR:2 NAR3 NAR4 NARs NARs
Sampling day (Day after emergence) (g I5,4isei 39,
31 43 57 71 85 -
B Block Seh 2 1.659™  2.232"  1013™  1.634"™  0.199" -
::r:? Cultivar o 2 8011™ 3.624M™ 2998"™  0.165"™  0.276 "™ -
) Moisture levels b, zske 4 13978" 13450 7.862™" 3.601™  1.860" -
- B CxXM b, gokaw X ) 8 5736™ 1.464"™  3.756" 0.936"™ 2444 " -
§ 3 Error ks 28 3.810 3.054 1.427 2.061 1.746 -
'5 CV (%) (clyuss copo 24.75 27.26 23.38 44.18 54.04 -
) 61 71 82 94 107 -
33* § Block Soby 2 6.094™  2960" 5.674 M 3.507 " 0.008 s -
g Cultivar ) 2 0343™ 0414 0.103 ™ 2.896 ™ 0.265 "™ -
e Moisture levels b, zske 4 11.755" 21.093" 18.092™ 19.412™ 0.575"™ -
3 CX M ugb, ol x o8, 8 5577 3.078™ 0.355™ 1.625m 0.794 ms -
3 Error Ls 28  3.590 5.685 2.184 1.813 0.655 -
CV (%) (lyuss cuyi 20.56 30.85 19.89 28.92 36.00 -
40 50 60 70 81 92
> Block Soby 2 4374™  3373™ 1.784 ™ 0.912 "™ 0.011™ 0.769 ™
5 Cultivar o) 2 4532™ 9031" 0.940"™  3.036™ 0.0899"™ 2873
X Moisture levels zsby oo 4 16.214°  4.687"  4.916™  1.600™  0.439" 0.150™
< _:,f CX M ugb, ol x o8, 8 33927 1328 2.789 ™ 0.402 ™ 0.494 "™  0.506 "
G 2 Error L 28  4.409 1.675 0.848 0.294 0.347 0.444
§ CV (%) (clyuss copo 38.86 29.21 21.74 29.25 45.50 52.83
51 61 75 87 100 116
1 S Block S 2 0990 3.496 ™ 3.866 ™ 3.053™ 0.487™ 0.218™
3 g Cultivar o 2 1577™ 3.838"™ 1.760™ 2.005"™ 0.106™ 0.390"
© Moisture levels g, zow 4 43677  4.228™  6566°  8.084™  2.044™ 0.091"™
3 CX M usb, ol x o8, 8 3864™ 6.278™ 1.931m 2.887 "M 0.464"™ 0.357™
=3 Error Ls 28 2.804 1.601 1.673 1.377 0.395 0.717
CV (%) (clyuss copo 31.74 26.18 27.04 28.34 23.44 41.88

S sine pis g Mo )d G g gy Jloin! paw 5D (510 gixe i NS
, ", and ™ represent significant at of 5% and 1% probability level and not significant, respectively.
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Figure 7- Net assimilation rate Changes of quinoa cultivars during the growing season in two locations and times
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Figure 8- Net assimilation rate changes in different humidity levels during the growing season in two locations and times
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Table 7- Analysis of variance of seed yield in two locations and times

SOV Birjand : Sarbisheh :
alodI5 po LIPRVENY alodI3 po LIPRVENY
8 August 5 March 27 July 8 March
Block Soh 2 185129.0"™  2803.5M™ 919618.1 " 31256 ™
Cultivar o5, 2 1370169.0™ 77725.0™ 3015022.5™  102058.2 ™
Moisture levels usb) sl 4 5794136.2™  41024.8™ 8011785.5™ 1391890.1 ™
CxM gk zobwxed) 8 87840.1 ™ 1872.5m™ 347186.9 ™ 20020.3 ™
Error s 28 94459.9 1678.9 230309 14632.3
CV (%) ol yss oy 13.2 18.8 30.8 145

G me pis g Moy S g iy Jleis] a3 (61 ixe ey NS

EEN S
3

*, ™", and " represent significant at of 5% and 1% probability level and not significant, respectively.
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Table 8- Mean comparison of cultivar and moisture levels effects on seed yield in two locations and times

Levels of experiment factor Birjand Sarbisheh
wholojl gladele Zobaw sbodlspe  slotidu! slodlspe  oloidu!
8 August 5 March 27 July 8 March
. Titicaca 200596 ¢ 142.28¢c 1289.09b 775.51b
”'e,’ Redcarina 2346.29b 285.49a 1305.97b 929.08 a
Cultivar Gizal 2608.75a 226.70 b 2073.93a  800.11b
] 125% 323659a 298.21a 2700.79a 1212.10a
‘f’ﬁ’i’]@ 100% 2820.77b 266.27 a 2197.60b 1190.73 a
(e 34) 75% 2530.15b 221.75b  1666.33c 890.15b
Moisture levels 50% 175042¢ 172.50¢ 73252d  574.94c
(Water requirement) 25% 1263.74d  132.07d 484.41d  306.61d

Al o FLSD (905 (oluslys +/+0 Jlass] grdaw 55 )l sime M5 piie osimd Lt ¢ oiiolojl 195516 g oim p 40 auliie g (sl > (sl pSileo
Means in each column and each experiment factors followed by the similar letters are not significantly different at the 5% probability
level using FLSD.
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