High soil temperature reduces hemp germination: Preliminary laboratory
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Abstract

Temperature is crucial in seed germination and it affects other environmental factors that are very important
in the ultimate crop stand and eventual yield. The Australian industrial hemp industry is in its infancy, and
research is being done to expand its production areas to new regions including the tropics. While hemp
production potential and varieties in most part of Australia are being documented under the AgriFutures
Australia’s Industrial Hemp Variety Trials (IHVT) Project, little information has been reported on the effect
of temperature on seed germination. This preliminary laboratory experiment aimed at identifying the best
temperature range for hemp seed germination. Ten industrial hemp varieties were assessed in this
experiment. Four germination temperatures, ranging from 10 °C to 40 °C with 10 °C interval, were tested.
Seeds were incubated in temperature-controlled chambers, with 100 seeds per treatment in three replicates.
After 7 days, germinated seeds were counted and the respective percentage determined. The results indicated
the 10-20 °C temperature showing the highest germination and the germination decreased particularly
beyond 30 °C, with a significant decrease observed at 40 °C. Hence, planting hemp in soils with temperatures
higher than 30 °C will adversely affect seed germination. This study highlights the significance of selecting
hemp varieties based on soil temperatures during sowing, urging further research to quantify temperature
effects on production potential. This will inform the development of region-specific varieties, accounting for
growing conditions and germination stages.
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Introduction

High temperatures hinder seed germination by increasing evaporation, disrupting metabolic and hormonal
processes, depleting energy reserves, and causing lipid oxidation, which ultimately impairs growth and seed
viability (Essemine et al. 2010; Ahmad et al. 2021). Understanding the effect of high temperatures on seed
germination is crucial for developing strategies to achieving optimal seedling establishment, vigour,
population, and growth, particularly in regions like the Northern Territory (NT) where high temperatures are
prevalent.

Research has shown optimal germination temperatures for hemp seeds, ranging from 19 °C to 30 °C, with
variations observed in different cultivars in North America (Geneve et al. 2022). Limited data is available
regarding the impact of temperature on initial germination of hemp in Australia (Lisson et al. 2000),
highlighting the need for further research in this area to establish standardized germination parameters.

This study aims to identify the optimal temperature range for hemp seed germination by testing temperatures
from 10 °C to 40 °C on ten industrial hemp varieties obtained from the Industrial Hemp Variety Trials
(IHVT) project, spearheaded by AgriFutures Australia (https://agrifutures.com.au/rural-industries/industrial-
hemp/). Long-term, it aims to identify optimal soil temperatures and sowing windows for enhanced plant
establishment in the NT.

Methods

Germination test

The germination experiment was conducted in the Plant Industry laboratory of the Department of Industry,
Tourism, and Trade, Berrimah, NT, during November-December 2022. A total of ten varieties from the
2022/2023 IHVT project, evaluated for production performance at KRS, were utilized for this experiment
with approval from funding organizations and all seed suppliers. These varieties originated from different
countries, Variety A-Poland; Variety B-Canada; Variety C-France; Variety D-France; Variety E-France;
Variety F-Poland; Variety G-France; Variety H-Poland; Variety I-Australia and Variety J-Canada (The

names of the specific varieties were not disclosed due to intellectual property protection and alphabetical
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codes were assigned to each one of them for the sake of data collection and analysis). These varieties are
known to perform differently in diverse climatic conditions.

Four temperature regimes (10 °C, 20 °C, 30 °C and 40 °C) with 10 hemp seed varieties were set up in four
incubators. Each variety-temperature combination was replicated three times. For this experiment, a 12-hour
daylight period (from 6 am to 6 pm) was simulated using artificial lighting inside the incubators to mimic the
natural daylight conditions during the seed sowing season in Katherine, NT. To ensure ideal conditions for
seed germination, the humidity in the incubator was maintained at 70 %.

Seeds underwent surface sterilization following Isik et al. (2022)'s methods: soaked in 3.5 % NaOCI for one
minute and rinsed three times with Reverse Osmosis (RO) water. Gridded sterile filter papers were placed on
germination plates (10 cm x 10 cm), pre-moistened with 5 ml RO water. For each variety, 100 seeds were
placed on the paper, covered, and sealed, then kept in incubators for germination. Extra water was added to
the filter paper as needed when it appeared dry. Germinated seeds were counted and removed on day 7,
considering radicle protrusion of 1 mm as germination. Germination percentage was calculated using the
formula by Kumar et al. 2011.

Germination percentage = Total number of seeds germinated x 100
Total number of seeds incubated

Data Analysis

The proportion germinating at each temperature for all varieties was fitted with a generalised linear model
for the binomial response (McCullagh and Nelder 1989) using the R statistical programming language (R
Core Team 2023). The temperature: variety interaction was fitted to assess variety differences across
temperature. Homogenous groups of estimated marginal means were calculated for factor combinations in
the linear model (comparing each temperature across varieties and comparing all temperatures within
variety) using the emmeans (Lenth 2021), multcomp and cld packages (Hothorn et al 2008, Peipho 2024
respectively). All means were tested on the log odds ratio scale.

Results and Discussion

According to the results, hemp seed germination is possible even at temperatures as low as 10 °C (Figure 1).
Previous research has also suggested that temperatures below 10 °C are typically considered the base
temperature for hemp germination, ranging from approximately 3 °C to 5 °C (Geneve et al. 2022; Lisson et
al. 2000; Van der Werf et al. 1999). The germination percentage was approximately similar at 10 °C and 20
OC across all hemp varieties (Figure 1). This finding closely align with previous research results; in a study
by Cosentino et al. (2012), temperatures below 10 °C or above 24 °C delayed seedling emergence in
Southern Europe while faster emergence was noted at minimum temperatures ranging from 13.5 °C to 18.5
°C. Similarly, in North America, the temperature range for optimal hemp seed germination was reported to
be between 19 °C and 30 °C (Geneve et al. 2022).

In this experiment, at 30 °C, the germination percentage began to decrease across all varieties, with
significant differences observed in germination rates between 20 °C and 30 °C for varieties E, F, G, I, and J.
Generally, as temperatures surpassed 30 °C, there was a notable reduction in seed germination for all
varieties. At 40 °C, germination was significantly reduced across the board, highlighting that soil
temperatures exceeding 30 °C is unsuitable during the seed sowing stage (Figure 1). These findings align
with those of Lisson et al. (2000), who observed a decline in the rate of hypocotyl elongation after 30 °C,
with germination ceasing entirely at 40 °C. Similarly, Geneve et al. (2022) found that the ceiling temperature
for hemp seed germination was 42.6 °C.

Varieties A, C, |, and J demonstrated germination percentages exceeding 50 % at both 10 °C and 20 °C,
whereas varieties B, D, E, F, G and H exhibited less than 50 % germination at the same temperatures. This
variation is likely due to a loss of seed quality in varieties D, E, F, G and H.
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Figure 1: Seed germination response across temperatures for each hemp varieties (A to J). Line show the fitted
binomial model. The 50% germination reference line (grey dashed line) is shown for comparison across varieties.

Conclusions

The study highlights the critical role of temperature in germination success, emphasizing the importance of
avoiding excessively high temperatures during sowing. The experiment reaffirmed hemp seed germination at
temperatures as low as 10 °C, aligning with prior research. Germination percentages were highest and stable
at 10-20 °C. However, varieties B, D, E, F, G and H exhibited very low germination percentages,
necessitating further research to identify the underlying causes. The germination percentage declined above
30 °C, highlighting the detrimental effects of temperatures exceeding this threshold. Consequently, the
findings underscore the importance of managing soil temperature and carefully scheduling sowing to
optimize hemp seed germination and crop establishment in the NT.
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