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Abstract

Compost residue refers to legacy compost present in the soil from what remains after microbial and plant utilization and 
losses. These losses may be nutrients and other non-nutrients that migrate out of the soil or vaporize. Compost is a brown to 
dark-brown humic material derived from the biological decomposition of organic matter. Compost contains humic and non-
substances, which include fulvic acid, humic acid and humin, nutrient elements, and macromolecules such as nucleic acids, 
carbohydrates, proteins, fats and lipids, and various beneficial microbiome communities. Following soil amendments with 
compost, some of these substances remain as residues at the end of the growing season and form complexes with the soil 
organic matter. Abscisic acid glucose ester (ABAGE) is one of the catabolites of ABA formed by conjugation of small molecules 
such as glucose and catalyzed by the ABA O-glycosyl transferase enzyme. ABAGE is proposed to be the storage or transport 
forms of ABA. ABAGE is hydrolyzed by BGLU18 to free ABA under stress conditions. 
              
Keywords: Organic Farming; Sustainable Farming; Soil Health; Organic Carbon

Abbreviations: ABAGE: Abscisic Acid Glucose Ester; SOM: 
Soil Organic Matter; SOC: Soil Organic Carbon; OM: Organic 
Matter; CEC: Cation Exchange Capacity; NCED: Neoxanthin 
Cis-Epoxicarotenoid Dioxygenase.

Introduction

Composting of organic waste prevents irresponsible 
waste disposal that causes poor sanitation and environmental 
pollution, as these can lead to major human health issues 
such as outbreaks of cholera, diarrhoea, hepatitis A, typhoid, 
and dysentery among others [1]. These organic wastes, 
including manure, food processing, farm and municipal solid 
wastes are rich sources of plant nutrients and plant growth 
promoting compounds [2-4]. As such, compost – a brown 
to black humic-like substance rich in nutrient elements, 
and macromolecules such as nucleic acids, carbohydrates, 
proteins, fats and lipids, and various beneficial microbiome 

communities – has become an accepted organic soil 
amendment for the enhancement of soil physical, chemical, 
and microbiological properties [3,4]. Typically, compost 
improves soil structure and ecosystem services such as the 
addition of organic matter to improve soil structure, water 
retention capacity, aeration and diversity and distribution of 
beneficial soil microbiome [3,5]. Not all the compost applied 
to soil is utilized by plants due to the slow breakdown and 
release of nutrients. Therefore, continuous application of 
compost leaves significant amounts of nutrient and non-
nutrient chemical residues that can potentially improve the 
resilience of plants and may directly or indirectly help slow 
down global climate change by increasing soil carbon storage 
capacity [6]. Although compost is used globally and has 
gained global attention, its enhancement of plant resilience 
is not clearly elucidated. This entry is a description of tomato 
(Solanum lycopersicum ‘Scotia’) plant resilience to water-
deficit stress as influenced by long-term soil organic matter 
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build-up from compost residue and impact on changes in 
plant abscisic acid glucose ester (ABAGE) content. ABAGE is 
a major conjugate and metabolically inactive form of ABA.

Materials and Methods

The study was performed at the Department of Plant, 
Food, and Environmental Sciences, Faculty of Agriculture, 
Dalhousie University, Nova Scotia, Bible Hill between 
February and May 2023. The soils were obtained from a 
5-year organic field research plot in Agaard Farms, Brandon, 
Manitoba, Canada between fall 2015 and winter 2020. The 
soil type was Orthic Black Chernozem solum on moderate to 
strong calcareous, loamy morainal till of limestone, granitic 
and shale origin within the Newdale soil series [7]. The 
compost was obtained from the City of Brandon municipal 
solid waste management facility for the study.

Field History 

A comprehensive analysis of the compost and the 
location of soil bio-physicochemical properties was 
previously published by Abbey, et al. [3,8,9]. The compost 
application rate was approximately 2 t/ha at a bulk density 
of 650 kg/m3. In brief, the compost was applied every fall 
to annually assigned plots (AN-soil) and every other year 
to biennially assigned plots (BI-soils). The control plots 
(C-soils) did not receive compost throughout the five years 
of the research. At the end of the fifth year, 20 kg of soil 
samples were dug randomly with a shovel at a depth of 0 - 30 
cm from five locations per plot and were bulked to obtain 
triplicate samples of 100 kg of soil per treatment. The soil 
samples were packaged and shipped to the Department of 
Plant, Food, and Environmental Sciences for cold storage at 
4oC until use. 

Planting and Water-Deficit Stress Treatment

Fifteen-cm diameter plastic pots were filled with 1 kg 
of AN-soil, BI-soil and C-soil and each pot was placed in a 
20-cm diameter plastic saucer. The soil was watered to field 
capacity and allowed to stand for 24 hr before transplanting 
one 5-week-old tomato cv. Scotia seedling into each pot. The 
corresponding plants were labeled AN-plant, BI-plant and 
C-plant. The potted-plants were arranged in a completely 
randomized design with four replications in a Biotronette 
Mark II Environmental Chamber (Lab-Line Instruments Inc., 
Melrose Park, ILL, USA) at 24°/20°C day/night temperature 
cycle and 12/12 hr day/night light cycle. The plants were 
watered to field capacity every 3 days for 4 weeks before 
the water-deficit stress treatment. The water deficit lasted 
for 8 days when all the plants showed clear signs of wilting, 
especially the C-plants which were visually completely 
wilted. The potted plants were rearranged weekly to offset 

unexpected variations in microclimate. The soil moisture 
contents at the time of cessation of watering were 41%, 
35.4% and 30.5% field capacities for the AN-soils, BI-soils 
and C-soils, respectively; while the respective soil moisture 
content at the end of the water-deficit stress were 5.1%, 
2.9% and 0.7%.

Video-Plant Water Stress Recovery 

The wilted plants were re-watered to their respective 
soil field capacities after 8 days of water-deficit stress and 
a 10-min video was recorded using a DS126801 digital 
Canon camera (Canon Inc., Tokyo, Japan) to show the timely 
recovery of the plants under room temperature conditions 
of 22oC.
 

Data 

Soil samples were sent to the Prince Edward Island 
Analytical Laboratory, Charlottetown for organic matter 
analysis using the combustion method #S/N:20014 as 
detailed in Laboratory manual #SFL 49P. Soil pH was 
determined by scooping 10 cm3 of dried, ground soil into a 
50 mL vial and reverse osmosis water was added at 1:1 ratio 
(v/v). The mixture was mixed thoroughly before measuring 
the pH. All data were subjected to a one-way analysis of 
variance (ANOVA) using Minitab vers. 21 (Minitab, Inc., State 
College, Pennsylvania, USA). Tukey’s honestly significant 
difference post-test was used to separate treatment means 
at P<0.05. 

Results and Discussion

History

Previous work by Abbey, et al. [3] on the same AN-
soil, BI-soil and C-soil bio-physicochemical composition 
indicated high soil nutrients and organic matter content in 
AN-soil followed by the BI-soil and the least in the C-soil. 
The high organic matter significantly (P<0.05) increased 
soil bulk density, porosity, and water-holding capacity. 
Estimated nitrogen release in the AN-soil was higher than in 
the BI-soil and the C-soil. Microbiome assessment indicated 
that Deltaproteobacteria, Bacteroidetes Bacteroidia, and 
Chloroflexi Anaerolineae were overrepresented in the AN-
soil and the BI-soil compared to the C-soil. Also, there was a 
strong positive correlation (r = 0.89) between AN-soil and 18 
microbial metabolic pathways out of 205 that were detected.

 
Residual Active Organic Matter

The impact of residual compost on soil health can be 
determined using many indicators. However, one of the best 
soil health indicators is soil organic matter (SOM) content. 
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Soil organic matter, measured as total soil carbon, represents 
the amount of carbon compounds in the soil that are derived 
from living and dead organisms [10]. High SOM is positively 
associated with high soil organic carbon (SOC) [11,12]. 
SOM can be found at different stages of decomposition in 
the soil where it directly influences most of the important 
soil properties and ecosystem services like soil fertility, soil 
nutrient cycling, soil water storage and infiltration, as well 
as soil microbial communities and their activities [3,6,9]. 
Therefore, after 5 years of annual compost application to 
the AN-soil, it is expected that residual SOM will increase 
significantly (P<0.01) in AN-soil compared to BI-soil and 
C-soil, as presented in Table 1. This SOM comprised a stable 
fraction – humus – which is resistant to decomposition 
and stores carbon; and an active fraction, which is recently 
formed (1-5 years) and can be decomposed to become readily 
available to plants. This makes the active SOM an important 
fraction that consisted of decomposing OM with a positive 
impact on soil structure and ecosystem services [13]. 

Soil treatment Total OM 
(%)

Active OM 
(µg/g)

CEC 
(Meq/100g)

AN-soil 8.0a 764.5a 47.5a
BI-soil 4.75bc 572.1b 38.0b
C-soil 3.85c 371.5c 34.2c

Significant level 
at α = 0.05 ** *** *

Table 1: Residual organic matter (OM) and cation exchange 
capacity (CEC) of soils previously treated with compost at 
different frequencies of application.

1 AN-, BI- and C-soils are soils with residual compost 
from the previous five years of treatment with annual, 
biennial and control (no compost) application, respectively. 
Differences in alphabetical letters within a column represent 
differences in treatment means at P≤0.05. *, **, *** denotes 
P-values at 0.05, 0.01 and 0.001, respectively, from the 
analysis of variance.

It is therefore expected that soils with high compost 
residue will have high SOM that will inevitably improve 
the fluxes and composition of soil gas, modulate soil 
temperature, cycle soil carbon and nutrients, cycle water, 
natural decomposition and recycling of organic debris and 
the beneficial microbiome communities and their functions 
[14,15]. Furthermore, land use systems and management 
practices in addition to climatic and edaphic factors can 
significantly impact soil carbon dynamics [16, 17]. The trend 
of the active SOM was AN-soil > BI-soil > C-soil (Table 1), 
which culminated in a correspondingly higher ability of the 
AN-soil to hold and exchange nutrients (CEC) although pH 
did not significantly (P>0.05) vary. According to Solly, et al. 

[10], effective CEC and SOC content are strongly correlated 
when pH > 5.5. The pH of the soils in the present study ranged 
between 7.4 and 7.6, which can explain the strong association 
between the active SOM and the CEC values as SOC directly 
correlates with SOM. The reason is that the surfaces of SOM 
have negative charges and are sites for cation exchange and 
as such, the higher the CEC, the higher the soil fertility [6,18-
20]. Therefore, the high SOM in the AN-soils suggests better 
SOC preservation and high sorptive capacity for high CEC 
[21]. On the other hand, anion exchange capacity increases 
with decreasing pH<5.5 as the charged surfaces of the SOM 
become more positive due to the protonation of functional 
groups [22]. This suggests that the higher residual compost 
in the AN-soils of pH 7 led to higher SOM and CEC such as 
calcium, potassium, and magnesium compared to the BI-soil 
with the least in the C-soil. This also made the AN-soil more 
fertile for higher plant growth and resilience compared to 
the BI-soil and the C-soil as shown in Figure 1 below. 

Plant Growth and Water-Deficit Stress Response 

Figure 1 shows the variation in tomato ‘Scotia’ plant 
growth with and without water-deficit stress in soils with 
different levels of compost residue. Plant growth markedly 
varied according to the level of compost residue with the 
growth trend AN-plants > BI-plants > C-plants. Insufficiency 
in soil residual nutrients, particularly nitrogen [3, 9], led to a 
drastic increase in leaf paleness (chlorosis) and reductions 
in the growth of the BI-plants and C-plants even when the 
plants were watered regularly to field capacity. Watering 
cessation for 8 days caused severe wilting in the C-plants 
followed by the BI-plants and moderate in the AN-plants. 
This visual observation Figure 1 was proof that an increase 
in the level of residual soil compost can remarkably increase 
plant resilience to water-deficit stress.

Figure 1: Visual differences in tomato (Solanum 
lycopersicum ‘Scotia’) plants (n = 9) growth under regular 
water and water-deficit stress as influenced by soil residual 
compost. AN-, BI- and C-plants denote plants grown in 
soils with residual compost effect from the previous five 
years of treatment with annual, biennial and control (no 
compost) application, respectively.
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Plants are sessile and are therefore exposed to varied 
environmental stresses – mainly climate and edaphic-related 
stresses – which warrants prompt response and use of 
adaptive strategies to enable them to survive and proliferate. 
Management techniques such as irrigation, fertilization, 
soil amendments, and pest and disease management also 
help to improve plant resiliency and rapid response to 
environmental stresses [23-25]. As evidenced in Figure 1, an 
increase in residual soil compost had tremendous benefits 
to the AN-plants compared to the BI-plants and C-plants. 
Obviously, the annual application of compost in the long-
term seemed to have left residues of its content comprising 
humic and non-humic substances in the soil. These residues 
impact soil health including essential plant nutrients, and 
the growth and development of subsequent plants [25]. 
Ultimately, the compost residue did not only increase plant 
growth but improved plant tolerance to water-deficit stress. 

Biosynthesis of ABAGE 

ABA is an important signaling phytohormone that is 
involved in plant development and stress physiology [26,27]. 
Typically, ABA controls stomatal opening and closure, gene 
upregulation, and osmolyte synthesis. De novo biosynthesis 
of ABA in plastids begins with the conversion of 9-cis-
epoxycarotenoids to xanthonin catalyzed by 9-neoxanthin 
cis-epoxicarotenoid dioxygenase (NCED) [27,28] as shown in 
Figure 2. The biosynthesized ABA can be inactivated through 
several routes. Firstly, ABA 8′-hydroxylase (CYP707A) cleaves 
ABA into 8′-OH-ABA and the products are immediately 
converted to the primary products, dihydrophaseic acid 
(DPA) and phaseic acid (PA). 

Figure 2: Mechanism of ABA metabolism, and conjugation 
to ABAGE and its transport in plants.

Secondly, ABA can be conjugated by glucose catalyzed by 
the ABA O-glycosyl transferase enzyme to form an inactive 
ABAGE, which is then stored in the vacuole or transported 
through the xylem into potential sinks [29,30]. Under 
considerable osmotic stress, ABAGE is cleaved by beta-
glucosidase 18 (BGLU18) enzyme into free and active ABA 

in response to plant stress [31]. This mechanism occurs 
in almost all plants including tomato and can explain the 
alterations in ABAGE content of the regularly watered and 
water-deficit stressed plants as described below. 
 

Residual Compost Alteration of ABAGE Under 
Water-Deficit

The variations in the levels of residual compost in the 
soils can be associated with the remarkable differences in the 
different contents of ABAGE in the plants (Figure 3). When 
water was not limiting, the ABAGE content in the C-plants 
was about 3.7-folds and 2.3-folds higher than those of the 
AN-plants and the BI-plants, respectively. This suggests a 
higher amount of inactive and stored ABA in plants grown 
in the nutrient-insufficient soils i.e., the BI-plants and the 
C-plants. Total ABA from active (i.e., cis-ABA) and inactive 
ABA

Figure 3: Abscisic acid glucose ester (ABAGE) content 
of tomato (Solanum lycopersicum ‘Scotia’) plants (n = 9) 
under regular water and water-deficit stress as influenced 
by soil residual compost. The bars show the percentage 
differences in ABAGE, numbers within the bars show 
the actual value of ABAGE in ng/g fresh weight. AN-, BI- 
and C-plants denote plants grown in soils with residual 
compost effect from the previous five years of treatment 
with annual, biennial and control (no compost) application, 
respectively. 

(i.e., ABAGE, trans-ABA, DPA, PA and neo-PA) were 
previously reported to be high in abiotically stressed plants 
[27,28]. As such, it can be surmised that free and active ABA 
and its catabolites including ABAGE could be present in high 
amounts in the C-plants and the BI-plants. Under water-
deficit stress conditions, ABAGE is hydrolyzed by BGLU18 
to free and active ABA [31]. Therefore, it seems most of the 
ABAGE in the C-plants were hydrolyzed to ABA leading to low 
levels of ABAGE compared to the AN-plants and BI-plants in 
response to water-deficit stress (Figure 3). The increase in 
ABAGE in the AN-plants and BI-plants under water-deficit 
stress conditions suggests an increased catabolism of de novo 
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biosynthesized ABA and subsequent conjugation to ABAGE 
[27,28,31]. This means the imposition of environmental 
stress such as water-deficit stress instigates plant response 
via an internal network of signaling compounds including 
ABA to cause regulation of genes, metabolic reprogramming, 
and crosstalk of phytohormones for plant growth adjustment 
and ultimately, survival and adaptation. 

Video-Plant Water Stress Recovery 

A 10-min video of plant recovery from water-deficit 
stress in the different soil treatments is presented. Plants 
recover from water stress when the stress is transient. 
Otherwise, a permanent wilting point is reached where the 
plant will not recover after re-watering due to complete cell 
death [32]. Although Figure 1 visually showed the extent of 
plant wilting in the different soils with the C-plants showing 
the worse effect, they recovered after re-watering. However, 
the time and speed of recovery varied with the level of 
residual compost in the different soils. The fastest recovery 
time was recorded by the AN-plants, followed by the BI-
plants, and a delay in recovery by the C-plants. The variation 
in the rate of plant recovery from water-deficit stress can 
therefore be attributed to the level of soil compost residue. 
The higher the compost residue present in the soil, the faster 
the recovery time, probably because the plant was more 
resilient and healthier compared to plants in soils with low 
to no compost residue.

Conclusions and Prospects

Legacy compost refers to the residue from soil 
amendments with compost that remains in the soil after long-
term frequent application and utilization by plants, microbial 
decomposition, and losses through various channels such as 
soil erosion, run-off, leaching, and vaporization. The results 
showed the positive impact of compost residue on soil health, 
plant growth, and resilience to water-deficit stress through 
the enhancement of soil bio-physiochemical properties and 
ecosystem services. The overall importance of compost 
on soil organic carbon and cation exchange capacity was 
amply demonstrated. The results proved that soils without 
a history of compost amendment do not benefit plants but 
rather, reduce productivity and increases the vulnerability 
of plants to not only water-deficit stress but possibly, to 
other abiotic and biotic stresses as well. Consequently, soil 
amendment with compost can be adopted by farmers with 
the prospects of improving or maintaining soil health for 
sustainable farming, and to increase plant resilience and 
productivity. This will have added benefits of increasing soil 
carbon capture and storage capacity and thereby, contribute 
to mitigation of greenhouse gas emissions and slowing down 
climate change. 
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