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Introduction – Background info

• Bulb onion is valued at around $1 
billion annually in the U.S. [1]

• Iris yellow spot virus (IYSV) is a 
stressor of economic importance

• The onion breeding program at 
NMSU has been selecting onion 
germplasm for increased 
resistance to IYSV [2] [3]

[1] USDA, National Agricultural Statistics Service (2020) Vegetables 2019 Summary (February 2020) p.58
[2] Multani, P.S. et. al (2009). Screening winter-sown onion entries for Iris yellow spot virus tolerance. HortScience 44:627–632.
[3] Cramer, C.S. (2017). Evaluating Iris yellow spot disease incidence and severity in onion germplasm… HortScience 52:527-532.

Onion field study at Fabian Garcia – June 2020



Objectives and Hypotheses

• Objectives: Four NMSU bred onion cultivars and one IYSV susceptible 
cultivar, used as a control, will be evaluated for carbon assimilation 
rate and sheath diameter from the end of the vegetative growth stage 
through maturation under viral stress.  Bulb weight will be recorded 
after harvest.

• Hypotheses: There will be a difference in carbon assimilation rate, 
sheath diameter and bulb weight between NMSU cultivars and the 
control cultivar.



Materials and Methods

• LI-6800 portable photosynthesis 
system parameters measured:

• Carbon assimilation rate

• Physical parameters measured:
• Bulb weight
• Sheath diameter



Spring transplanted study onions



Cultivar Years grown

IYSV susceptible cultivars

Rumba 2019

Stockton Early Yellow 2020, 2021

IYSV resistant cultivars

12-243 2019, 2020, 2021

12-337 2019, 2020, 2021

12-236 2019, 2020, 2021

12-238 2019, 2020, 2021

Table 1. Cultivar list and years evaluated  



Onion phenology

STAGE Vegetative Growth Bulb Initiation Bulb Development Maturation

DURATION 60 days (8WAT) 30 days 45 days 15 days(16WAT)

DESCRIPTION 1-7 true leaves grow 
from seed

Bulb diameter is twice 
that of the neck, plant 
reaches maximum height

Leaves continue to grow 
and elongate, total leaf 
number stays the same

Bulb enlargement near 
completion, more than 
50% tops down

Figure 1. Onion phenology for the first year, from seed to bulb [1]

[1] Chacon, F. et. al (2020, July 27-31). Leaf Area Index as an Indicator of Phenology and Dormancy in Allium cepa (L.) [Poster session. 2020 Virtual 
Botany conference.



Materials and Methods

• Measurements taken on young 
onion leaf 6 inches from the base 
of the plant

• To identify the ideal time of day to 
measure gas exchange a diurnal 
response curve was generated

• This determined that the onions 
were at peak photosynthesis 
between the hours of 10am and 
12pm



Statistical Analysis

• Statistical analyses were conducted using SAS statistical software
• A linear mixed effect model was used where cultivar is fixed, and block and 

subsample are random to compare mean carbon assimilation rate at weeks 
10-12 after transplanting

• All pairwise comparisons were done using Fischer's protected LSD and 
significance was defined for alpha greater than 0.05



Results

• Cultivar comparisons:
• The NMSU bred onions had higher carbon assimilation rates than 

the commercial cultivar (Rumba) at weeks 10-12
• NMSU bred onions also had higher bulb weight when compared to 

the control
• Sheath diameter increased throughout the season as carbon 

assimilation rate decreased, indicating bulb maturation and 
approaching dormancy



Year Cultivar Carbon assimilation (mmol m-2 s-1) Bulb weight (g)

2019 Rumba 08.95±0.85 b 102.93±11.2 b

12-243 14.61±1.00 a 198.78±11.2 a

12-337 14.75±1.24 a 223.89±11.2 a

12-236 15.30±1.05 a 186.12±11.2 a

12-238 14.55±1.34 a 207.14±11.2 a

2020 Stockton 21.58±0.89 b 95.37±12.0 b

12-243 27.19±2.68 a 201.82±12.0 a

12-337 25.98±2.04 a 194.27±12.0 a

12-236 26.39±1.35 a 173.97±12.0 a

12-238 24.10±1.52 a 234.19±12.0 a

2021 Stockton 24.54±1.64 b 82.82±11.9 c

12-243 28.56±1.77 a 160.30±11.9 a

12-337 27.35±1.84 a 170.19±10.8 a

12-236 25.87±1.91 b 60.74±11.3 c

12-238 30.39±1.62 a 101.66±11.3 b

Table 2. Annual average carbon assimilation rate at weeks 10 and 12 after transplanting by cultivar during bulb maturation 



Figure 2. Carbon assimilation rates and sheath diameter for onion cultivars assessed in 2019, 2020, and 2021 



Conclusions

• NMSU cultivars had higher carbon assimilation rates and bulb weight than the 
commercial cultivar

• NMSU cultivars with highest assimilation also had the highest bulb weight
• Carbon assimilation may be the parameter of most interest to breeders 

because increased rates correspond with higher bulb weights
• Carbon assimilation decreased from the end of vegetative growth through 

maturation
• This possibly indicates that as the onions mature and prepare for dormancy, carbon 

assimilation is down regulated, similar to the down regulation of cell division [1]

[1] Carter, C.E., M.D. Partis, and B. Thomas (1999) The expression of histone 2A in onion (Allium cepa) during the onset of dormancy, storage and 
emergence from dormancy. New Phytol. 143:461-470.
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Thanks for coming!
Any questions?
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