
 

Instituto Nacional de Tecnología Agropecuaria 198 

 

Shoot and root biomass of lucerne (Medicago sativa L.) were affected by sowing dates 
and inoculation treatments 

Jáuregui, J.M.a,b,*, Mills, A.b, Black, D.B.S.b, Wigley, K.b, Ridgway, H.b, Moot, D.J.b 

a Facultad de Ciencias Agrarias, Universidad Nacional del Litoral, Argentina b Faculty of Agriculture and Life Sciences, 
PO Box 85084, Lincoln University, Canterbury 7647, New Zealand * josemartinjauregui@gmail.com 

KEYWORDS: Radiation use efficiency, Leaf appearance, Planting date, N fixation 
INTRODUCTION: Understanding the factors that affect the establishment of lucerne crops is critical to increase 
productivity and persistence. Choosing appropriate sowing dates maximises shoot and root growth (Teixeira et 
al. 2011). Sowing lucerne in a season with optimum temperatures (~20°C; Moot et al. 2012) results in faster 
accumulation of biomass and an early establishment process. Lower temperatures (5-15°C; Wynn-Williams 1976) 
and short photoperiods (Sim et al. 2015) prolong the establishment phase. Sowing is also when inoculants 
introduce rhizobia to the plant. In soils with no previous history of lucerne, positive effects of inoculation have 
been reported (Berenji et al. 2015). Yet, controversy exists with regard to the effectiveness of commercial strains 
and the need for inoculation in soils with a previous history of lucerne (Moot 2012). This experiment tested the 
effects of different sowing dates from summer into autumn and different inoculation treatments. 
OBJECTIVE: The aim of this work was to understand how different sowing dates and inoculation treatments 
affected crop physiological responses during the seedling stage and for the first two growing seasons. 
MATERIALS AND METHODS: A field experiment with rainfed ‘Force 4’ (fall dormancy 4) lucerne was established 
as a split plot design with three replicates at Lincoln University, New Zealand. Soils were N deficient (~4 kg N ha-

 

1 to a depth of 150 mm). Main plots were sown on: (i) 26 Jan; (ii) 21 Feb; (iii) 15 Mar; and (iv) 3 Apr in 2012. 
Subplots (6.3 x 10.0 m) comprised five inoculation treatments: (i) coated seed (NZ industry standard; CS); (ii) peat 
slurry (PS); (iii) Nodulator (ND); (iv) ALOSCA® (AS); and (v) bare seed (used as a control; BS). Sinorhizobium 
meliloti RRI128 was the bacterial strain used in the inoculated treatments. Plant growth and development were 
measured during the first two growing season (Jan 2012- Sep 2013). ANOVA was used to analyse all variables 
in a split plot experimental design. Fishers’ LSD test was used to determine variation between different levels of 
a factor when the ANOVA was significant (α=0.05). 
RESULTS: Shoot biomass accumulation was 90% higher (P<0.05) in the earliest sowing date (19.8±0.14 t ha-1) 
compared with the latest (11.9±0.15 t ha-1). Yield variability was explained by differences in light interception and 
its conversion efficiency (RUEshoot) in the first spring. A 40% reduction in RUEshoot was estimated for March and 
April (autumn) sowing (0.93±0.05). This was probably caused by greater continued partitioning of biomass to 
roots. A longer (P<0.05) phyllochron for autumn sowings reduced leaf area expansion rates. Root biomass was 
higher (P<0.05) from early sowing dates, but by the end of the experiment all treatments had >3 t ha-1 of perennial 
biomass. Inoculation increased (P<0.05) shoot yield by 40% compared with the uninoculated control (16.6±0.1 
vs. 13±0.2) in the first year. Bare seed treatments fixed 50% less (P<0.05) nitrogen during the winter and early 
spring of 2012. This was linked to less nodulation and reduced nitrogen content in shoots of the uninoculated 
treatment. However, after late spring, nitrogen fixation was similar among all treatments. This was probably linked 
to the presence of a small proportion (~18%) of RR128 strains in nodules from the bare seed treatment, as 
indicated from DNA analysis. Same analysis also showed a large proportion of other bacteria (particularly Erwinia 
spp.) in those nodules. A 20% decrease in RUEshoot was measured in uninoculated crops compared with 
inoculated ones, probably due to reduced photosynthesis due to a lower shoot N%. Root biomass was unaffected 
by inoculation and all treatments reached >3.5 t ha-1 by the end of the experiment. Uninoculated lucerne crops 
appeared to have similar accumulation rates of perennial biomass despite lower N fixation and N content in 
shoots. This supports the idea that perennial biomass accumulation is driven by ontogeny and less affected by 
the environment (Sim et al. 2015). 
CONCLUSIONS: Early sowings and inoculation are tools to reduce the duration of the seedling stage and thus 
increase the chance of successful lucerne establishments. From a physiology perspective these results provide 
a framework for understanding crop responses to sowing date and inoculation and could be included in simulation 
models. Agronomically, any delay in seedling canopy development makes the crop more vulnerable to weed 
competition. 
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