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Take home messages 

• Mungbeans are most vulnerable to drought stress during the pod filling phase. It is critical to 
ensure adequate moisture is available or has been applied by irrigation during this period 

• Drought stress during pod filling reduces the number of grains per pod and the overall number 
of pods per plant 

• Yield decreased in response to drought stress by 10-33% during vegetative growth, 5-27% during 
flowering and 53-75% from early-pod fill compared with well-watered.  Yield response to 
drought differed between varieties 

• Mungbeans compensate for lower pod number by increasing carbon allocation to remaining 
pods - increasing individual grain weight and partially offsetting yield losses for stress occurring 
during flowering 

• Optimising sowing time or irrigation timing to avoid drought stress during pod-fill will improve 
grain yield stability. 

Background 

One of the major challenges facing the mungbean industry has been meeting current and projected 
demand for the crop when yields can be unpredictable and fluctuate considerably from season to 
season. Abiotic stress, mostly high temperatures and drought stress limit mungbean (Vigna radiata 
L. Wilzcek) growth and production potential, particularly when stress occurs during flowering and 
pod filling. Mungbeans in the Northern Grains Region are traditionally planted from September 
through to November for a spring planting, or from December to January for a late summer plant, 
exposing them to periods of heat and moisture stress. Mungbeans are typically grown under rainfed 
situations due to their short duration and lower water use compared with other summer crops. Dry 
conditions through the crop cycle are common meaning crops are often planted on low stored soil 
moisture (<90mm plant available water) with little in-crop rain, resulting in terminal drought stress 
or drought stress during the later stages of reproductive growth. Chauhan and Rachaputi (2014) 
found that mungbeans experience drought in 58-68% of years depending on the location and soil 
plant available water (PAW), and also reported up to 55% of growing areas can be affected by mid-
season or severe terminal drought stress with water availability declining approximately a week 
before flowering.  

Crop response to water deficits are largely based on the stage of development when drought stress 
occurs. Drought stress is multidimensional and can impact the morphological and physiological 
processes that drive crop growth, productivity and grain quality (Bangar et al., 2019). While 
mungbeans are tolerant of drought conditions compared with other crops, the timing of water 



deficits can still have a significant impact on crop productivity. Robertson (1934) defined the critical 
period for yield determination as the physiological stage in which abiotic stressors have the largest 
impact on yield determination. The reproductive phase of most legumes, including mungbeans is 
considered the critical period for yield determination (Lake & Sadras, 2014). However, the impact of 
abiotic stress, particularly water deficits, during this period in comparison with other development 
stages is largely unknown.  

The aim of this experiment was to investigate the critical period for moisture stress vulnerability and 
the impact of drought stress at different phenological stages on the final grain yield of mungbeans. 
The outcomes of this experiment will help to develop a deeper understanding of how mungbeans 
respond to drought stress and how we can improve our agronomic management to maximise grain 
yields.  

Method 

A pot trial was established in a lysimeter facility at The University of Queensland, Gatton Campus. 
The lysimeter system is housed in a shade house covered by Solarweave® material that excludes rain 
and some direct solar radiation (Chenu et al., 2018). Individual lysimeters consist of a large 51 L pot 
placed on a load cell enabling automatic weighing and watering every 10 minutes (Figure 1). Target 
pot weights were consistent across all lysimeters, allowing for water deficits to be controlled. Each 
pot was lined with a plastic garbage-bin liner and filled with a 1:3 mix of black vertosol and washed 
river sand to facilitate adequate soil drying and covered with insulation material cut to the same 
diameter of the pots to reduce surface evaporation. A basal fertiliser treatment of Granulock® at an 
adjusted rate of 25kg/ha was applied to each pot pre-planting. A second application of Granulock® Z 
was made at the appearance of first flower to avoid any nutrient deficiencies. Three varieties of 
mungbeans; Jade-AU , Crystal  and Celera II-AU  were inoculated using Group I peat 
(Bradyrhizobium spp.) inoculant and planted on 10 February 2020 in a randomised complete block 
design with four replications and four treatments. The treatments were: well-watered to 80% field 
capacity for the duration of the experiment (WW), drought stress during the vegetative growth 
phase (V), drought stress during flowering (F) and drought stress during pod-filling (PF). Pots 
undergoing a drought stress treatment were not watered during the treatment period unless soil 
moisture dropped below 40% field capacity. Soil dry down was progressive during the stress period 
(Figure 2). The plants were harvested when ~90% of the pods were dark brown to black and 
separated into harvest components (leaves, stems and pods) and dried at 65°C for five days to 
obtain dry weight (DW) of each component.  



 
Figure 1. Lysimeter pot set-up for mungbeans. 

 

 
Figure 2. Average lysimeter pot weights (g) measured for the duration of the experiment. The initial 
peak in weight occurred from the watering up process. The vegetative stress treatment (green line) 
was not initially watered to field capacity to facilitate adequate dry down while water demand was 

low during the vegetative growth phase. 

 

 



Results and discussion 

Weather conditions 

Daily minimum and maximum temperatures during were relatively mild with no significant heat 
events (>40°C) in any of the growth stages (Figure 3). The optimum temperature for mungbean 
growth is 28-30°C and for the duration of the experiment conditions were ideal for facilitating 
growth without periods of heat stress.  

 
Figure 3. Maximum (red line) and minimum (blue line) temperatures (°C) from planting to the end of 

the pod-filling drought stress treatment. 

Harvest components 

Shoots and leaves 

Shoot weight (weight of leaves and stems) declined significantly in response to early pod-filling 
water deficits compared to plants under both well-watered and vegetative/flowering stress. Shoot 
weight under terminal water stress (pod-fill water deficits) was affected by decreased leaf 
initiation/expansion and potentially increased rates of leaf senescence. Compensatory vegetative 
growth occurred when stress was imposed in earlier growth phases, i.e., during vegetative and 
flowering; however this response varied across varieties. Jade-AU  produced considerably higher 
total shoot dry matter than Celera II-AU  or Crystal  (Figure 4), but was more severely affected by 
drought stress during pod-filling with a >20 g dm/plant dry mass reduction. Crystal  and Celera II-
AU  had lower shoot dry mass reductions of 12 and 10 g dm/plant respectively.  Shoot biomass 
across all three varieties was reduced during the vegetative or flowering phases by 5 g dm/plant. 
Contribution of assimilates supplied from the stem reserves can increase by up to 40% in drought 
stress situations (Sehgal et al., 2018) and combined with more rapid leaf senescence to remobilize 
assimilate reserves to grain may also explain the decline in shoot dry matter from the well-watered 
treatment to the pod filling treatment.  

 



 
Figure 4. Total shoot dry mass for the drought stress and well-watered treatments. WW: well-

watered, V: water stress during vegetative growth; F: water stress during flowering, PF: water stress 
during pod-fill. Black dots represent the overall treatment means across all three varieties with 

standard error bars; the coloured dots show the means of each variety. 

Drought stress decreased new leaf production when drought was introduced in the vegetative 
growth period and accelerated senescence under stress in the later reproductive phases (Figure 5). 
Leaf appearance and growth continues after flowering in mungbeans for most commercial varieties 
hence the total weight and number of leaves (data not shown) in this experiment was not affected 
by drought stress up until early pod fill however drought stress from early pod-fill to maturity 
significantly affected leaf weight (p<0.001, Figure 5a). Leaf senescence was accelerated when plants 
experienced water deficits from early pod fill through to maturity (Figure 5b) compared with earlier 
drought stress.  

 
Figure 5. Contribution to total leaf dry weight by green leaves (a) and dead leaves (b) at the time of 
harvest (error bars are standard error) for the treatments well-watered (WW), vegetative drought 
stress (V), flowering drought stress (F) and pod-fill drought stress (PF). Treatments with the same 

letter are not significantly different at α0.05. 



Pod production 

Terminal drought stress can reduce the duration of flowering and pod-fill and the capacity for the 
plant to produce a large number of flowers and pods thereby reducing overall grain yield (Farooq et 
al., 2017). There was a significant decline in the number of pods produced under early pod-fill stress 
with a reduction of 10-35% in total pod number compared with the well-watered treatment (Figure 
6). This decrease is likely due to increased rates of flower and pod abortion. Interestingly, the 
vegetative and flowering stress treatments set more pods than the well-watered treatment. Non-
limiting water conditions can lead to prolonged vegetative growth meaning the switch from 
vegetative to reproductive sinks possibly was slower, resulting in fewer pods.  Celera II-AU  
produced consistently higher numbers of pods per plant for each treatment followed by Jade-AU  
with Crystal  producing the fewest pods.  

While the goal of the experiment was to synchronise flowering across the varieties, the precise start 
of flowering may have varied between varieties by several days, and therefore the treatments may 
not have captured the full impact of drought stress on varietal development equally. In a simulation 
study, Muchow and Sinclair (1986) found that earlier maturing varieties can yield more than later 
maturing varieties by at least 40% under drought conditions despite lower biomass accumulation 
(Figure 4). This may explain why Celera II-AU  was able to produce up to 24% more pods than Jade-
AU  or Crystal .  

 
Figure 6. The number of mature (black) pods harvested from each treatment for Celera II-AU , 

Crystal  and Jade-AU . WW: well-watered, V: water stress during vegetative growth; F: water stress 
during flowering, PF: water stress during pod-fill. Black dots represent the overall treatment means 

across all three varieties with standard error bars; the coloured dots show the means of each 
variety. 

Total grain yield per plant decreased 53-75% for plants subjected to drought stress during pod-fill for 
all three varieties (Figure 7). Overall, Jade-AU  was the highest yielding variety for the earlier stress 
treatments but suffered a significant yield decline (30%) with later drought stress. Crystal  did not 
yield as well as Jade-AU  however yield declines were milder from the well-watered treatment to 
drought stress during pod-fill. Being a smaller-seeded variety, Celera II-AU  did not produce as much 
grain as Jade-AU  or Crystal  but had similar patterns of yield decline with the later season drought 
stress. The reduced shoot and leaf mass (Figures 4 and 5) for all three varieties in the vegetative 
stress treatment was reflected in the final grain yield/plant which was lower than the well-watered 
and flowering drought stress treatments.  

Successful flowering and podding under terminal drought stress is associated with the ability for 
plants to store assimilate reserves in the vegetative organs (Farooq et al., 2017) in order to 



compensate for water-stress driven decreases in leaf photosynthesis. Physiologically grain yield is 
strongly linked with several factors including crop growth rate (CGR; affecting biomass and 
photosynthetic leaf area), presence / absence of stress affecting photosynthetic rates during grain 
filling periods as well as availability of stored carbohydrate reserves built up during vegetative 
growth. While stress in early growth phases decreases CGR, leaf area available for photosynthesis 
and stored carbohydrates plants can compensate via increasing leaf photosynthesis during grain fill 
when sink (grain) demand for carbon is high. In contrast, stress in reproductive phases, particularly 
post-pod fill significantly decreases photosynthetic rates and crop growth rate during a phase in 
which grain demand for carbon is high. Insufficient photoassimilate production (via low 
photosynthetic rates) and rapidly depleting stored carbohydrate reserves were insufficient to ensure 
yield is unaffected.  

 
Figure 7. Grain yield/plant (g) for the three varieties across the well-watered and drought stress 
treatments. WW: well-watered, V: water stress during vegetative growth; F: water stress during 

flowering, PF: water stress during pod-fill. Black dots represent the overall treatment means across 
all three varieties with standard error bars and the coloured dots represent the varieties. 

Individual grain weight was relatively stable for the well-watered and earlier drought stress 
treatments, averaging 5.0 - 5.5 g/100 seeds. However, 100 grain weight increased for Jade-AU  and 
Crystal  when drought stress was imposed during pod-filling. Pod abortion and flower shedding 
during early pod-fill coupled with increasing dehydration and early leaf senescence may have 
accelerated assimilate remobilisation from vegetative tissue and subsequent availability to 
developing grains.  The reduced number of pods (Figure 8) produced may indicate assimilate 
remobilisation was redirected to the remaining pods, increasing individual grain size to compensate 
for grain yield lost due to lower pod and grain numbers.  



 
Figure 8. 100 grain weight measured for Celera II-AU , Crystal  and Jade-AU  when subjected to 

drought stress during different stages of growth and development. 

Grain yield was strongly driven by grain number for all three varieties with differences in seed size 
driving the difference in grain number/grain weight for each variety (Figure 9). Celera II-AU  
produces a large number of smaller sized seed therefore grain yield was not as high as the larger-
seeded varieties Jade-AU  and Crystal . Drought stress during pod-fill reduces pod and grain 
number and while individual grain weight increased under drought stress (Figure 8) yield is still 
limited by the total number of grains produced. 

 
Figure 9. The relationship between grain weight (g/plant) and grain number for Celera II-AU , 

Crystal  and Jade-AU . 

Conclusion 

• Mungbeans are tolerant of mild to moderate drought stress during the vegetative and early 
reproductive stages without major yield penalties.  



• Drought stress during the vegetative phase can limit leaf development and biomass production 
which limits grain yield later in the season. However, yield is largely determined by terminal 
drought stress or drought stress in the later reproductive stages of development, i.e. during pod-
fill.  

• While the total number of harvestable pods is reduced when plants are under drought stress, 
drought stress during pod fill can increase individual or 100 grain weight through efficient 
remobilization of assimilate reserves to partially compensate for lower pod number. However, 
the total grain yield shortfall is still substantial.  

References 

Bangar, P., Chaudhury, A., Tiwari, B., Kumar, S., Kumari, R., and Bhat, K. V. (2019). 
Morphophysiological and biochemical response of mungbean [Vigna radiata (L.) Wilczek] varieties at 
different developmental stages under drought stress. Turkish journal of biology = Turk biyoloji 
dergisi, 43(1), 58-69. doi:10.3906/biy-1801-64 

Chauhan, Y. S., and Rachaputi, R. C. N. (2014). Defining agro-ecological regions for field crops in 
variable target production environments: A case study on mungbean in the northern grains region of 
Australia. Agricultural and Forest Meteorology, 194, 207-217. 
doi:http://dx.doi.org/10.1016/j.agrformet.2014.04.007 

Chenu, K., Van Oosterom, E. J., McLean, G., Deifel, K. S., Fletcher, A., Geetika, G., and Hammer, G. L. 
(2018). Integrating modelling and phenotyping approaches to identify and screen complex traits: 
transpiration efficiency in cereals. Journal of Experimental Botany, 69(13), 3181-3194. 
doi:10.1093/jxb/ery059 %J Journal of Experimental Botany 

Farooq, M., Gogoi, N., Barthakur, S., Baroowa, B., Bharadwaj, N., Alghamdi, S. S., and Siddique, K. H. 
M. (2017). Drought Stress in Grain Legumes during Reproduction and Grain Filling. 203(2), 81-102. 
doi:10.1111/jac.12169 

Lake, L., & Sadras, V. O. (2014). The critical period for yield determination in chickpea (Cicer 
arietinum L.). Field Crops Research, 168, 1-7. doi:https://doi.org/10.1016/j.fcr.2014.08.003 

Muchow, R. C., and Sinclair, T. R. (1986). Water and nitrogen limitations in soybean grain production 
II. Field and model analyses. Field Crops Research, 15(2), 143-156. doi:https://doi.org/10.1016/0378-
4290(86)90083-3 

Robertson, D. W. (1934). Studies on the critical period for applying irrigation water to wheat. 
Technical bul.(11).  

Sehgal, A., Sita, K., Siddique, K. H. M., Kumar, R., Bhogireddy, S., Varshney, R. K., and Nayyar, H. 
(2018). Drought or/and Heat-Stress Effects on Seed Filling in Food Crops: Impacts on Functional 
Biochemistry, Seed Yields, and Nutritional Quality. 9(1705). doi:10.3389/fpls.2018.01705 

Acknowledgements 

The research undertaken as part of this project is made possible by the significant contributions of 
growers through both trial cooperation and the support of the GRDC, the author would like to thank 
them for their continued support. This project is a co-investment by GRDC and the Queensland 
Alliance for Agriculture and Food Innovation, University of Queensland.  

The authors would also like to acknowledge the technical assistance of Mr Joel Buningh during the 
trial which was greatly appreciated.   



Contact details 

Dr Kylie Wenham 
QAAFI, UQ 
The University of Queensland, Gatton, Qld, 4343 
Mb: 0438 568 566 
Email: k.wenham1@uq.edu.au 

 
 Varieties displaying this symbol beside them are protected under the Plant Breeders Rights Act 

1994 

® Registered trademark 

mailto:k.wenham1@uq.edu.au

	Keywords
	GRDC code
	Take home messages
	Background
	Method
	Results and discussion
	Weather conditions
	Harvest components
	Shoots and leaves
	Pod production


	Conclusion
	References
	Acknowledgements
	Contact details

