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COVID-19 patients. Clinical studies for 
testing this hypothesis are the next step. 
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Rehydration induces early and rapid bud break in drought stressed 
mulberry plants 
 
Bud break is a natural phenomenon in 
trees to re-activate growth in response to 
favourable changes in the environment. 
Trees enter the growth arrest stage called 
dormancy, as an adaptive strategy to sur-
vive the unfavourable environmental 
conditions. In temperate trees, bud break 
is triggered after winter dormancy1,  
whereas in tropical trees, these phenolog-
ical events mostly depend on water 
availability2,3. In plants, under unfavour-
able conditions like desiccation stress, 
one of the earliest responses is the accu-
mulation of abscisic acid (ABA), an  
endogenous growth hormone4. ABA is a 
long-distance signalling hormone which 
is generally transported from roots to 
shoots resulting in growth arrest5. In  
addition to ABA, ethylene also has a key 
role in triggering the induction of bud 
dormancy and repressing bud activity6, 
thereby delaying bud break, whereas 
gibberellin (GA) induces dormancy re-
lease7. Therefore, it is likely that the 
buds from the plants grown under ideal 
conditions would exhibit early and rapid 
bud break compared to those from the 
drought-stressed plants. We tested this 
hypothesis in mulberry (Morus alba L.), 
a commercially important perennial sys-
tem, where periodic pruning is required 
to regenerate vegetative growth8–10. In 
India, most of the mulberry cultivation 

falls under arid or semi-arid conditions, 
where the plants are routinely exposed to 
intermittent drought that adversely af-
fects foliage production11,12. To examine 
the effect of drought stress on bud break, 
we created two different levels of soil 
water status (100% and 40% field capaci-
ties, FC) in potted mulberry plants by 
gravimetric approach13, thereby simulat-
ing drought stress. The pots were main-
tained in open field and at ambient 
conditions, while being protected from 
rain with the help of rain out shelters. 
The stress effect on the plants was con-
firmed by measuring the relative water 
content (RWC) and quantifying total 
chlorophyll. As expected, the RWC was 
significantly lesser (67%; P < 0.05) in 
the pots maintained at 40% FC, when 
compared to the pots maintained at 100% 
FC (85%). This reduction in water status 
resulted in a significant reduction in total 
chlorophyll content from 2.3 to 1.7 mg/g 
fresh weight (P < 0.05) in the control 
pots to stressed pots respectively. 
Drought induces chlorophyll degradation 
as reported in many other studies14. 
These observations indicated that the 
plants were experiencing drought stress 
and the specific level of drought stress 
was maintained for a period of two 
weeks. At the end of the stress period, 
the plants were subjected to total defolia-

tion followed by full rehydration to bring 
the soil FC to 100%. Artificial defolia-
tion is used to induce bud break in pe-
rennial plants15,16. We expected slow or 
delayed bud opening in stressed plants 
due to high levels of accumulation of in-
hibitors as reported in earlier studies17. 
From this context, it was expected that 
the control plants (maintained at 100% 
FC) would exhibit early bud break when 
compared to the stressed ones. However, 
an early and rapid bud break was ob-
served in drought-stressed plants when 
compared to non-stressed plants (100% 
FC), (Figure 1). Though bud break was 
observed in 34% of the total buds in 
stressed plants, it was significantly lesser 
(P = 0.01) in control plants (11%) 10 
days post defoliation and re-watering 
(Figure 2). Bud break increased to 32% 
and 51% in control and stressed plants 
respectively at 20 days post defoliation 
and re-watering. At 30 days post defolia-
tion and rewatering, the stressed plants 
exhibited 54% bud break and the plants 
maintained at control conditions exhi-
bited significantly lesser bud break 
(34%, P = 0.01) (Figure 2). The overall 
results showed an early and rapid bud 
break in stressed plants compared to the 
control plants, and such a phenomenon is 
not reported so far in mulberry. In India, 
mulberry cultivation is practised under 
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rainfed and irrigated conditions18. There 
are two major traditional practices of 
harvesting foliage for silkworm rearing, 
one being individual leaf harvesting and 
the second shoot-harvesting18. Our find-
ing has relevance under irrigated condi-
tions where partial dehydration followed 
by hydration post leaf harvest can hasten 
bud growth and facilitate rapid foliage 
accumulation in the field. This finding 
opens up an opportunity for targeted  
experiments to induce early bud break by 
controlled irrigation under field condi-
tions.  
 The results from the present study also 
put forth multiple questions to be addres-
sed such as (i) what triggered an early 
and rapid bud break in stressed plants, 

and (ii) what are the possible mechan-
isms that probably alleviated repression 
of bud dormancy and induced early bud 
break? Answers to these questions  
require the precise examination of mole-
cular mechanisms using multiple omic 
approaches.  
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Figure 1. Representative image of bud break (a) 10 days of defoliation and re-watering and (b)
17 days after defoliation and re-watering. 
 
 

 
 
Figure 2. Bud break (%) in mulberry plants at different days after defoliation and rehydration.
(Data represent the mean of six replications; error bar indicates standard error; **indicates sig-
nificance at P = 0.01; Control – 100% soil field capacity; Stress – 40% soil field capacity). 
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