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ABSTRACT 
 

A study was conducted at Department of Agronomy, University of Agriculture, 
Faisalabad, during 2009-10 to work out the optimum sowing date and 
screening of most productive Chenopodium quinoa genotype at proposed 
sowing dates. Sowing dates were 15 December, 2009 (PD1) and 15 January, 
2010 (PD2). Three exotic quinoa accessions (CPI-3, CPI-5 and CPI-7) were 
tested. Different phenological stages were considered for evaluation. Results 
indicated that significant effect of sowing dates, accessions and their 
interaction was observed but varied among different stages. It was noted that 
Quinoa sown on 15 January, 2010 (PD2) took more days to true leaf (17.22), four 
leaves stage (22.83), multiple leaves (26.67) and bud formation (43.78) than 
genotypes sown at PD1 (14, 19.44, 25.33 and 36.63, respectively). However, 
effects of accessions were non-significant at these stages. Contrarily, 
interaction was non-significant for days to panicle emergence and days to 
harvesting. Furthermore, effect of sowing dates, interaction of sowing date and 
accession on days to flowering was highly significant and showed that 
genotypes sown at PD1 took less days to flowering (46.56) than sown at PD2 
(55.89). Highest grain and biological yield was obtained at PD1 (285.93 kg/ha 
and 6994 kg/ha) than PD2 (215.18 and 6519.8 kg/ha, respectively). Among 
sowing dates, it was affirmed that early sowing (PD1) performed better and 
exhibited better results than late sowing PD2. Regarding interaction between 
accessions and sowing dates CPI-5 gave good performance when sown on 15

th
  

December [CPI-5 x PD1 days to flowering (46), days to harvesting (116.7), 
biological yield (7673 kg/ha) and economical yield (327.0 kg/ha)]. 
 
KEYWORDS: Chenopodium quinoa; quinoa; photoperiodism; short day plant; 

sowing time; agronomic characters; Pakistan.  
 

INTRODUCTION 
 

Optimum planting time exhibited as a first step in crop production system and 
considered to be a base that leads to development of a proper production 
technology package especially for a new crop in a region (20). However, 
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seasonal variation governs such optimization, which can be overcome by 
manipulating sowing dates and their comparison for yields (2, 5). Globally, 
the food demand is increasing day by day and up to 2 percent edible grain 
production is averagely assessed to ensure food security on yearly basis 
(24). Water scarcity has emerged as the factor responsible for hindering 
efforts to meet this huge and concurrent mandate. Moreover, other 
environmental hazards have also increased vulnerability of agricultural yields 
(12, 26). In developing countries like Pakistan, majority of conventional crops 
showed inelastic and susceptible behavior towards such adverse shocks 
which affect yields badly leading to scarcity of food. 
  
Diversity in germplasm of quinoa is visible in its response to sowing time 
under native conditions of Andes. Late varieties sown earlier gave higher 
yield whereas, optimum soil humidity determines the sowing time in the arid 
environments (1). However, the European varieties yielded excellent when 
sown late (17). Frost is the driving force of sowing time in the highlands for 
which an early sowing is practiced to avoid its deleterious exposure at 
sensitive stages especially at flowering stage (6). Mid-May planted quinoa at 
Rosemount, Minnesota emerged around 1st of June but earlier dates could 
also be appropriate (22). Preliminary success of field cultivated quinoa in 
Pakistan has urged for its domestication under local conditions and 
development of a complete production technology package (18). Study of 
phenological stages will also help in recording qualitative expression of 
quinoa. Such search for appropriate sowing time will provide consolidated 
basis for identification and precise optimization of all other production factors 
for sustainable yield of quinoa under local conditions. 
 

MATERIALS AND METHODS 
 

A field experiment was carried out on Chenopodium quinoa at Department of 
Agronomy, University of Agriculture, Faisalabad, Pakistan during 2009-10. 
Faisalabad is located at 30.35

o
-31.47

o
 N latitude and 72.08

o
-73

o 
E longitude. 

Experimental soil contained, organic matter (0.74%), available nitrogen 
(0.077%), phosphorus (5.04 ppm) and available potassium (174 ppm). The 
pH is 8.1. The  experiment  was  laid  out  in RCBD ( split plot) and  replicated  
three  times. 
 
Fine seed bed was prepared by giving two  ploughings and ridges were made 
through ridger. Three quinoa accessions (CPI-3, CPI-5 and CPI-7) collected 
from USA were sown on 15

th
 December, 2009 (PD1) and 15

th
 January, 2010 

(PD2) by single row hand drill with seed rate of 20 kg/ha. Plant to plant and 
row to row distance was maintained as 20 cm and 75 cm respectively. NPK 
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requirement was fulfilled by applying urea, diammonium phosphate (DAP) 
and murate of potash @ 70-40-30 kg/ha. Phosphorous, potash and 1/3rd  of 
N was applied as basal dose  while  the  remaining  N  was  applied  in  two  
splits i.e., 25 and 50 days after sowing. Four irrigations including rauni 
irrigation were applied at tillering, booting and grain filling stages. Weeds 
were controlled using standard weedicides.  
 

Data recording 
 
Germination percentage: Germination percentage was calculated in each 
plot by dividing counted plants (at seedling stage) on total number of seeds 
sown. 
 

Germinated seeds 
Germination percentage = ————————— × 100 
                                     Total seed sown 

 

Days to true leaves, four leaves, multiple leaves, bud formation, panicle 
emergence, flowering and harvesting were recorded on basis of day to day 
observation. 
 
At harvest, maturity parameters like main panicle length, main and sub 
panicle weight, 1000 grains weight, biological yield and grain (economical) 
yield were computed using standard protocols. The samples were taken 
twice by using quadrate of 1m

2
 per treatment and their mean was taken to 

calculate yield (kg/m2). The yield was then converted to kilogram per hectare 
by multiplying the yield with 10,000. 
 
Statistical analysis: Data collected on growth and yield parameters was 
analyzed using Fischer’s analysis of variance technique. Statistical analysis 
was carried out by using MSTATC Software. Significant mean values were 
compared by employing Least Significance Difference (LSD) at 0.05 
probability level as described by Steel et al. (25). 
 

RESULTS AND DISCUSSION 
 

Germination percentage 
 
Data presented in Table 1 showed non-significant differences among 
accessions, sowing dates and interaction among the sowing dates and 
accessions. The temperature during PD1 was optimum (14.05°C) for 
emergence of quinoa all three accessions during last 15 days of December. 
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Too low and too high temperature is not suitable for germination of quinoa as 
reported by Bertero (2). Jacobsen (11) also reported that early growth stages 
of quinoa were influenced by soil temperature. 
 
Table 1. Analysis of variance for germination percentage of quinoa sown on different 

dates.  

*Significant; **Highly Significant, NS = Non significant  
Days to true leaf stage 
 
Days to true leaf stage 
 
Effect of sowing dates on days to true leaf stage was highly significant 
whereas, different accessions had non-significant effect on it (Table 2).  
 
Table 2. Mean comparison of days to true leaf, four leaves, multiple leaves and bud     

formation to sowing dates and interaction between sowing date and quinoa 
genotypes. 

 
Accessions Days to true 

leaves 
Days to four 

leaves 
Days to 
multiple 
leaves 

Days to bud 
formation 

CPI-3 15.83 21 a 26 41a 
CPI-5 15.50 20.83 a 26 40.67a 
CPI-7 15.50 20.83 a 26 39 b 
LSD  for accessions NS 0.83 NS 1.39 
Sowing dates     

15 December (PD1) 14.0b 19.44 a 25.33b 36.67b 
15 January (PD2) 17.22a 22.33 a 26.67a 43.78a 
LSD for sowing dates 0.47 1.26 2.89 1.26 
Interaction     

CPI-3 x PD1 14.67b 19.67 a 25.67bc 36.67cd 
CPI-3 x PD2 17.0a 22.33 a 26.33ab 45.33a 
CPI-5 x PD1 14.0bc 19.33 b 25.67bc 38c 
CPI-5 x PD2 17.0a 22.33 a 26.33ab 43.33ab 
CPI-7 x PD1 13.33c 19.33 b 24.67c 35.33d 
CPI-7 x PD2 17.67a 22.33 a 27.33a 42.67b 
LSD for interaction 0.88 0.83 1.08 1.85 

Letters sharing same letter are statistically at par; Ns = non significant. 

Source of variation d.f Sum of squares Mean squares 
Replication (R) 2 260.63 130.316 
Sowing dates(S) 1 1.71 1.715 

NS
 

Error 1 (R x S) 2 96.02 48.011 
Accessions (A) 2 3.43 1.715

 NS
 

S x V 2 991.08 495.542
 NS

 
Error 2 (RxSxV) 8 2976.68 372.085 
Total  17 4329.56  
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Maximum days (17.22) were taken to develop true leaf stage by plants sown 
on PD2. The crop sown on PD1 attained this stage earlier (14.0 days). 
Interaction of sowing date and accessions was also significant. Minimum 
days (13.33) were taken by the accession CPI-7 sown at PD1 and remained 
at par with CPI-5 sown on PD1 (14.0). Sowing of all the accessions during 
PD2 took more days to reach the true leaf stage, as late sown crop plant 
exhibited less time to accumulate required heat units to shift into next stage. 
However, CPI-7 remained at the top (*17.67) (Table 2). Quinoa can tolerate 
super cooling at about 5°C. However, 9% final seed yield was reduced after a 
frost treatment of -4oC applied at two leaf stage (13). 
 
Days to four leaves stage 
 
Effect of sowing dates on days taken by the plants to reach four leaves stage 
was non-significant (Table 2). The accessions under study also revealed non-
significant attitude for this trait. The interaction between both the factors was 
also non significant. Crop sown on PD2 took more days (22.33) to reach the 
four leaves stage than PD1 (19.44). Quinoa required short day lengths and 
cool temperatures for optimum growth and development to give maximum 
yield (9). Quinoa sown late pertained to face long days during its 
developmental and growth stages thus reduced its stand and yield. 

 
Days to multiple leaves stage 
 
The number of days taken by the crops to reach multiple leaves stage was 
significantly affected by the sowing dates. More days (26.67) were taken by 
the accessions to reach multiple leave stage when they were sown on PD2 
than PD1 (25.33), probably due to regular low temperature during January. 
The interaction of sowing dates and accessions was also significant. 
Contrarily, the effect of accession means was statistically non significant 
(Table 2). 
 
CPI-7 took maximum (27.33) and minimum (24.69) number of days, 
respectively when sown on PD2 and PD1 to attain multiple leaves stage. This 
difference might be result of difference in temperature. However, on an 
average 26 days were taken by various accessions to reach multiple leaves 
stage. These results were affirmed by Bertero (3), who indicated that 
development of multiple leaves are directly correlated with incidence radiation 
and early sowing enables the plant to accumulate that radiation in form of 
heat units. 
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Days to bud formation stage 
 

Effect of sowing dates and accessions and their interaction on days to bud 
formation stage was highly significant (Table 2). The comparison of 
accession means showed that maximum days to bud formation (41.0) were 
observed in CPI-3 followed by CPI-5 (40.67) which is statistically similar with 
CPI-3. Whereas, minimum days to bud formation (39.0) were observed in 
CPI-7. Among sowing dates, PD2 took more days (43.78) than PD1 (36.67) to 
reach bud formation stage. Interaction between sowing dates and accessions 
showed significant differences for days to bud formation stage. Combination 
of accession and sowing date PD2 × CPI-3 took maximum days (45.33) to 
reach the bud formation stage, while minimum days (35.33) were recorded in 
PD1 × CPI-7. The significant response of accessions to sowing dates might 
be due to their genetic potential for bud formation. It was substantiated in an 
experiment that quinoa took 41 to 89 days for true leaves to bud formation 
stage conditions in England conditions (24). 
 

Days to flowering stage 
 

The comparison of sowing date means (Table 3) showed that among sowing 
dates, PD2 took more days (55.89) than PD1 (46.56) to reach the flowering 
stage. Combination of accession x sowing date (PD2 × CP I-7) took 
maximum   days   (57.33)   followed   by   PD2   ×   CPI-5  (57.0)  which  were  
 

Table 3. Mean comparison of days to flowering, panicle emergence and harvesting 
stage to sowing dates and quinoa genotypes. 

 

Accessions Days to 
flowering 

Days to panicle 
emergence 

Days to 
harvesting stage 

CPI-3 50.67 69.33a 121.50b 
CPI-5 51.50 68.67a 119c 
CPI-7 51.50 66.33b 127.67a 
LSD  for accessions Ns 1.56 1.13 
Sowing dates    

15 December (PD1) 46.56b 65.33b 120.11b 
15 January (PD2) 55.89a 70.89a 125.33a 
LSD for sowing dates 2.78 2.08 1.73 
Interaction of accessions 
and sowing dates 

   

CPI-3 x PD1 48b 67 118.67cd 
CPI-3 x PD2 53.33b 71.67 124.33b 
CPI-5 x PD1 46c 65 116.67d 
CPI-5 x PD2 57a 72.33 121.33c 
CPI-7 x PD1 45.67c 64 125b 
CPI-7 x PD2 57.33a 68.66 130.33a 
LSD for interaction 1.78 Ns 2.66 
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statistically same. While minimum days (45.67) were recorded in PD1 × CP I-
7. It was reported that quinoa took 7-53 days for bud formation to anthesis in 
England conditions (21). Quinoa is short day plant and exhibited a positive 
relation with photoperiodism. Therefore a positive response was shown 
pertaining to time to anthesis under short day length response as stated by 
Bertero et al. (4). Furthermore, the findings supported by Bertero (2), who 
reported the effect of photoperiodism as a function of sowing dates on time 
taken to complete phenology of quinoa and on its all development phases. 
 
Days to panicle emergence 
 
The data (Table 3) showed that effect of both sowing dates and accessions 

on days to panicle emergence stage was significant. However, interaction of 

sowing dates and accessions was non-significant. The comparison of 

accession means showed that maximum days to panicle emergence (69.33) 

were taken by CPI-3 followed by CPI-5 (68.67) which was statistically similar 

with CPI-3, while minimum days (66.33) were observed for CPI-7. PD2 sown 

crop took more days (70.89) to reach the panicle emergence stage than PD1 

(65.33). However, accession and sowing date interaction showed non-

significant effect towards panicle emergence duration. In Denmark, quinoa 

takes 42 to 78 days difference in vegetative/bud formation stage, 20 to 38 

days for anthesis and floral dehiscence stage, 60 to 109 days period for seed 

set and 109 to182 days for total growth period in North European conditions 

(10). 

 
Days to harvesting 
 
The data (Table 3) showed that effect of both accessions and sowing dates 

on days to harvesting was highly significant. The comparison of accession 

means showed that maximum days to harvesting (127.67) were observed for 

CPI-7 followed by CPI-3 (121.50) while, minimum days to harvesting (119.0) 

were observed in CPI-5. Whereas, PD2 took more days (125.33) to reach the 

harvesting stage than PD1 (120.11). These results were in line with Jacobson 

and Stolen et al. (10) who reported that in Denmark, quinoa required 109 to 

182 days to mature while, 60-104 days for anthesis to maturity stage. 

Furthermore, under England conditions, time taken to shift from flowering to 

maturity ranged between 65 and 137 days (21). Moreover, Flores (8) 

reported that total quinoa growth cycle was 131 to 200 days in Peru, while 

under South America conditions it ranged 150 ± 40 days (14).  
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Main panicle length (cm) 
 
The response of accessions and sowing dates was highly significant (Table 
4). Highest panicle length (38.63 cm) was observed from PD1 while PD2 
produced lowest main panicle length (31.96cm). Amongst accessions 
response, CPI-5 recorded maximum main panicle length (41.34 cm) followed 
by CPI-7 (34.34 cm) while, minimum main panicle length (30.22 cm) was 
found in CPI-3. Furthermore, combination CPI-7 × PD1 produced maximum 
main panicle length (43.89 cm), followed by CPI-5 × PD1 combination (43.11 
cm) which was statistically at par with first combination (CPI-7 × PD1). 
However, interaction of all accessions with PD2 generated minimum main 
panicle lengths. During later stages of plant growth, the rise in temperature 
may affect reproductive parts severely causing reduction in yield (8).The 
significant interaction between genotypes and sowing  dates  showed  the  
sensitivity  of  different genotypes  to  photoperiod  and  temperature in terms 
of panicle length. It was suggested that reduction in spike length might be 
attributed to delay in sowing time, which might affect the sensitivity of crop 
plant to photoperiod and temperature (23). 
 
Table 4. Mean comparison of various quinoa yields attributes to sowing dates and 

quinoa genotypes. 
 

Accessions Main 
panicle 
length 

Main 
panicle 
weight 

Sub 
panicle 
weight 

1000-grain 
weight 

Biological 
yield 

(kg/ ha) 

Economical 
yield (kg/ha) 

CPI-3 30.22c 52.47c 238.05c 2.68a 6759.2b 200.45b 
CPI-5 41.34a 125.06a 352.88b 2.59b 7314.0a 282.52a 
CPI-7 34.34b 97.32b 378.05a 2.68a 6197.5c 268.70a 
LSD  for accessions 2.64 8.67 20.12 0.04 186.17 186.17 
Sowing dates       

15 December (PD1) 38.63a 96.60 333.90 2.70a 6994.0a 285.93a 
15 January (PD2) 31.97b 86.63 312.76 2.60b 6519.8b 215.18b 
LSD for sowing dates 2.15 Ns Ns 0.02 5.87 5.877 
Interaction       

CPI-3 × PD1 28.89c 54.71 249.77 2.75 7118.1b 242.967 
CPI-3 ×PD2 31.56c 50.23 226.63 2.62 6400.4c 157.933 
CPI-5 ×PD1 43.11ab 129.20 355.17 2.65 7673.5a 327.400 
CPI-5 ×PD2 39.55b 120.91 352.60 2.54 6954.4b 237.633 
CPI-7 × PD1 43.89a 105.89 396.77 2.71 6190.4c 287.433 
CPI-7 × PD2 24.78d 88.75 359.33 2.64 6204.5c 249.967 
LSD for interaction 3.73 NS NS NS 263.28 NS 

 
Main and sub panicle weight (g) 
 
The data showed that effect of accessions was significant, while sowing 
dates and interaction of sowing dates and accessions was statistically non-
significant (Table 4). Highest main panicle weight (125.06 g) was noted in 
CPI-5 followed by CPI-7 (97.32g) while minimum main panicle weight 
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(52.47g) was observed in CPI-3. Similar response was showed by sub 
panicle weight. Effect of genetic makeup and temperature on reproductive 
parts is well evident, which played a pivotal role in assimilates accumulation 
as reported by Farooq et al.  (7). 
 
Thousand grain weight (TGW) (g) 
 
The main effects associated with date of planting and accessions were 
significant with respect to TGW, however, there was no significant effect 
among the interactions (Table 4). The comparative analysis of accession 
indicated that CPI-3 attained maximum 1000-grain weight (2.68 g) 
accompanied by CPI-7. Whereas, minimum 1000-grain weight (2.59 g) was 
observed in CPI-5. Among sowing dates, PD1 produced higher 1000-grain 
weight (2.70 g) than PD2 (2.60 g). These results manifested that crop sown 
on PD1 had higher grain size than PD2. It may be due to low temperature in 
March during grain formation which was conducive for better grain filling and 
grain weight (27). Furthermore, 1000-grain might decrease as a result of 
delay in sowing, which may reduce time to attain grain size which was 
possible as a result to longer photoperiod and higher temperature (25). 
 
Biological yield (kg/ha) 
 
Temperature affected biological yield in similar fashion as other parameters. 
High biological yield was found in crop planted at PD1 as compared to PD2 
(Table 4). These results were comparable with other cereals like wheat, 
barley and Avena fatua (16). Moreover, early  planting  could  significantly 
increase  dry  matter  accumulation  of  forage  rice  and  improve forage  
yield  with increased number  of tillers as compared to the  normal  planting  
time (19).  
 
Grain yield (kg/ha) 
 
The statistical comparison of accessions indicated that maximum economic 
yield (282.52 kg/ha) was scored in CPI-5, followed by CPI-7 (268.70 kg/ha) 
which was at par with CPI-5.  Whereas, while minimum economic yield 
(200.45 kg/ha) was produced by CPI-3 (Table 4). Among sowing dates, PD1 
produced higher economic yield (285.93 kg/ha) than PD2 (215.18 kg/ha). 
Late sown crops often faced decrease in temperature, leading to decrease in 
soil temperature which had detrimental effect on seed germination, tillering 
capacity and number of productive tillers (23) and significantly reduced 
economic yield. It showed that decrease in grain yield might be due to 
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decrease in the number of productive tillers per unit area. Late  sown  
material  generally  flowers  late,  thereby  forcing  the  grain  filling  period  to  
coincide with  a  high  temperature  regime (15).  
 

CONCLUSION 
 
Planting times have significant effects on growth and development as it limits 
or prolongs time to shift into another phenological stage. However, crop type 
also determines the completion of each stage. In our study, though quinoa 
accessions showed non-significant effect during most of developmental 
stages but quinoa exhibited sufficient time and showed better growth when 
sown at 15

th
 December than that of 15

th
 January. Further, among genotypes, 

CPI-5 performed better and gave more economical and biological yield at 15
th
 

December. In the light of above results it may be inferred that mid December 
is good time to plant quinoa in order to explore its yield potential under 
Faisalabad conditions. 
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