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Abstract

This study is aimed at studying the influence of organic fertilization on coffee growth and its resistance to drought.
The experiment was carried out on young coffee plantlets in a greenhouse in Viet Nam and compared three varieties
(Arabica L, Robusta TR9 and Robusta M38) and two types of organic amendments (compost or vermicompost).
This study showed that both compost and vermicompost aided in the increase of soil chemical properties and above-
ground plant biomass an as a comparison with chemical fertilizer. The vermicompost amendment has higher effect
than compost could be observed for Arabica variety in term of soil organic carbon, total P, available N forms (N-
NH.) except available K and shoot biomass weight (p<0,05), with no different between two Robusta varieties TR9
& M38 (p>0,05). Interestingly, the plantlets fertilized with organic amendments had lower (7 days) for resistance to
drought than mineral chemical (9 days.) Therefore, these results suggest that the resistance of coffee plantlets to
drought is reduced if the nursery growing media contains compost or vermicompost.
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1. Introduction

Coffee is an extremely important cash crop for millions of small farmers in Latin America, Asia and Africa [1,2].
In Viet Nam, the largest producer of Robusta beans in the world, the cultivation of coffee is very strategic with
63,000 stakeholders dependent on its production. However, its coffee production is suffering from rising
temperatures and expectedly more frequent droughts, alongside the degradation of lands after decades of intensive
cultivation and the almost exclusive utilization of mineral fertilizers [3]. Roughly a fifth of Viet Nam’s total
plantation has been damaged by water shortages, which should result in a 20% decline in production during the
coming years [4]. Since adaptability to drought varies considerably among species and varieties [5], the question of
the choice of the appropriate coffee varieties and of the agricultural practices that should be used are of key
importance in this country.

Composts, and especially vermicompost (i.e. compost produced in presence of epigeic earthworms) are
increasingly used in agriculture for recycling organic wastes and improving crop production, replenishing soil



organic matter (OM) stocks and improving soil physical, chemical and biological properties [6-9]. For instance,
recent studies carried out in Viet Nam with maize showed that the amendment of vermicompost improves soil
fertility, carbon sequestration, soil biodiversity and increases plant biomass and yield, as well as plant resistance to
water shortage in comparison with compost or only mineral fertilization [10-17].The results of these studies had
confirmed the positive effects of vermicompost amendment on soil quality, microbial activity and plant growth, but
highlighted some of its limitations too. One of the key outcomes of this study is the confirmation of the positive
influence of vermicompost on plant growth, although this increase is not necessarily associated to an increase in
plant yield. Therefore, the aim of this study was to determine if the utilization of compost and vermicompost can
help increase coffee resistance to water deficiency and if this resistance to drought varies for different varieties and
according to the quality of the compost. Our hypotheses were (i) that growing coffee plantlets in presence of organic
matter increases their root growth and the ability of soil to hold water, which therefore improves plant resistance to
water shortage, and (ii) that these effects are variety dependent and (iii) the most important in presence of
vermicompost.

2. Materials and methods
2.1. Experimental set-up

The experiment was carried out for 11 months in a greenhouse where coffee plants (either the old Robusta M38
variety or the new TR9 variety with high disease and drought resistances, as selected by the Western Highlands
Agriculture and Forestry Science Institute, or the common Arabica L variety) were planted into 1 L polythene pots.
Plants were grown during the first 3 months in 1kg of soil collected in a nursery farm located Daklak province in the
Central Highlands (12°39'17"N, 108°06'19"E), which is the largest coffee cultivation area in Vietnam. Soils were
thoroughly mixed as the recommendation from the nursery farm with the amount 0.14 kg of organic amendment
(compost or vermicompost produced from buffalo manure, properties also shown in Table 1, see [13] for the
production process) or not (control) (n = 3 per treatment). Superphosphate CaH4P20s (4.72 g) was applied once in
all the pots at the beginning of the experiment. Chemical fertilizers (0.007g urea CH.N.O and 0.003g pot *
potassium chlorite KCI) were also applied once a month. After 3 months, plants and soils were transferred into 3 L
polyethylene pots containing 2 kg of soil from the field. In this area, the soil is a red basaltic Ferralsol. No fertilizers
were applied after the transplanting of the plants. The soil moisture content during the trial was adjusted manually
every week to 60-70% by controlling soil moisture content with Xiaomi soil moisture sensors and then water
volume was done on a weekly interval (0.2 L of water each time) during the first 7 months of the experiment. The
last month (8" month of experiment) plants received gradual decreasing water volume (0.2; 0.15; 0.1; 0.05 L) in two
weeks and then no water was given to plants [30]. During the experiment, air humidity was always low, between 45
to 50%, and daily temperature was ~32 “C in average.

2.2 Plant and soil analyses

Plant height (in cm) and above-ground plant biomass (in kg pot™) were measured at the end of the experiment
after drying in an oven at 50 "C for 10 days. Below-ground biomass was measured in differentiating the total root
biomass in the soil from the nursery farm (inner sample) and in the transplanted 2L pot that contained only the poor
quality soil from the field (outer sample). The root: shoot ratio was calculated in considering the overall root
biomass. The color of leaves was observed by naked eyes as an indicator of plant resistance to drought and the day
that leaves were all senescent was recorded and used as indicator of plant resistance to drought.

The chemical properties of the inner soil samples were analyzed for Total Organic Carbon (OC) content using
the Walkey-Black method and total N, N-NH4*, N-NOs" contents were determined using Kjeldahl methods. Soil pH
was measured in water (1:2). Total K and P contents were determined after extraction with H,SO4 and HCIO. using
a Flame photometer (TCVN 4053-81) and the amount of available P using Bray and Kurtz method (TCVN 8942-
2011). Small cores (28 cm®) were sampled in the inner soil samples for measuring field water-holding capacity and
wilting points at pF = 2.5 and 4.2, respectively. Plant available water content (AWC) was calculated from the
difference between the moisture contents of the water-holding capacity and wilting points. The properties of the soil
from the nursery farm and from the field are also shown in Table 1.
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Table 1 Chemical properties of soils, compost and vermicompost amendments at the beginning of the experiment.
Variables are: pHu20, OC, N, total K and P (P20s, K;0), available N “N-NOs" and N-NH,”, available P and K (Pa
and Ka).

Material pH oC N P20s K20 N- NH.* N-NOs= Pa Ka
(%) (mg kg
(a) Soil
From nursery farm 4.2 3.2 0.2 0.2 0.3 26 30 224 149
From the field 4.6 0.7 0.1 0.1 0.1 12 13 55 59
(b) Organic amendments
Compost 7.4 21.0 14 11 0.6 17 18 2618 5063
Vermicompost 7.1 17.6 1.8 1.7 0.8 22 26 3990 6074

2.3 Statistical analyses

A principal component analysis (PCA) was carried to assess differences between treatments from their soil
properties and plant growth or resistance to water shortage. This analysis took place after the selection of the
significant variables contributing to more than 6% of the overall contribution on the first and second axis of the
PCA. Differences between treatments were also measured using two-way ANOVA, with fertilization and coffee
variety as factors, and after verification of residual normality using the Shapiro-Wilk test and homogeneity of
variances. Comparisons between means were carried out using the LSD test. All statistical calculations were carried
out using R studio [18] and ade4, FactoMineR and Factoextra packages. Differences among treatments were
declared significant at the P <0.05 probability level.

3. Results and discussion

Results of the PCA differentiating plant varieties according to the fertilization types are shown in Figure 1 and
the data used for carrying out the PCA are shown in Table 2 and Table 3. In the Figure 1, PCA shows that plant
varieties were clearly differentiated along the first and second axes of the PCA, which explained 54.2 and 25.4% of
the total variability, respectively. In general, soils amended with organic matter were characterized by greater soil
fertility (i.e. more important C, N, P, and K, N-NH4 *, N-NOs contents and higher soil pH) and allowed greater
plant growth (i.e., plant height and above-ground biomass) in comparison with soils that received only chemical
fertilizers (control). Root biomass within the inner and outer soil samples, AWC and K content in soils were not
considered in the PCA analysis because they did not significantly contribute to the first and second dimensions of
the PCA (P > 0.05 in all case). However, overlap between composted and vermicomposted plants for Robusta M38
and TR varieties. These results show that compost and vermicompost substrates similarly influenced soil and plant
properties, despite the fact that vermicompost provided more nutrients to soil and plants than compost.
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Figure 1 Projections of the samples (Arabica, Robusta M38 and TR39) plants amended mineral as control “CTRL”
or mineral plus compost or vermicompost amendment (n = 3 per treatment) on the first (F1) and second (F2)
principal components.



Contributions of the soil properties indicated by concentration in organic total C, N, P and K; available “N-NH4*
and N-NO3™; and available K, P “Ka and Pa” and dried plant above-ground biomass, height and senescence day on
F1 and F2 are indicated by the arrows.

Conversely, the utilization of vermicompost increased plant above-ground biomass, C, P and NH4* contents but
reduced the concentration in total P and K in soil in comparison with compost (Table 2).

Table 2 Influence of the variety (Arabica and M38 or TR9 Robusta) and organic amendment forms (compost,
vermicompost) on the soil chemical of the inner soil samples.

Variety  Fertilization pH oC N P20s K20 Pa Ka N-NOs  N-NH*
(%) (mg kg)
Arabica M 47° 1.7¢ 0.1°¢ 03B 0.018 347A  115F 222D 24P
0.2) (0.2) (0.0) (0.0) (0.0 (03) (05 (0.2 (0.0
MC 52¢ 238 0.18 0.2¢ 0.018 318C¢ 324~ 245C° 408
(0.0 (0.2) (0.0 (0.0) (0.0 04) (09 (0.1) (0.0
MV 52¢ 2.8A 0.28 038 0.01B 302¢  270C¢  242C° 484
0.1 0.1 (0.0)  (0.0) (0.0 0.4 0.8 0.1 (0.0)
Robusta M 480 2.18 0.1°¢ 044 0.018 357~  102FF 224D 408
v 0.2) (0.2) (0.0) (0.0) (0.0 (0.6) (0.3) (0.1) (0.0
MC 5548 284 018 034 0.018 298¢ 3304 30.0B 6.0%
0.2) (0.2) (0.0 (0.0) (0.0 09) (03) (0.1) (0.0
MV 564 264 018 04% 0018 303¢ 263°° 30.08 6.0%
0.2) (0.2) (0.0 (0.00 (0.0 (0.3) (0.6) (0.1) (0.0
Robusta M 480 1.7¢ 0.1°¢ 038 0.018 3058C¢ g7F 26.2¢  40°€
e (0.0 (0.2) (0.0 (0.00 (0.0 (0.3) (05 (0.1) (0.0
MC 53B¢ 23B 024 02¢ 0014 251° 2878 328~ 30°€
0.2) (0.2) (0.0 (0.0) (0.0 (05) (05 (0.1) (0.0
MV 538 218 024 02¢ 0018 254° 2460 336~ 30°€
(0.0 (0.2) (0.0 (0.00 (0.0 (05 (0.6) (0.1) (0.0

Treatments are represented as follow: “M” only NPK, “MC” NPK + compost and “MV” NPK + vermicompost.
Variables are: pHu20, organic carbon OC, N, total K and P “P,0s, K20, available N “N-NO3s” and N-NH,”, available
P and K “Pa, and K,”. Upper case different letters within each coffee variety indicate significant differences between
fertilizers (P<0.05). Values in parenthesis are standard errors, n = 3.

The positive influence of compost or vermicompost on plant height and above-ground biomass (Table 3) was
more significant for Arabica and Robusta M38 (+111 and 105% for plant height and +170 and 143% for above-



ground biomass, respectively for Arabica and Robusta M38) than for Robusta TR9 (+34% and +88% for plant
height and above-ground biomass, respectively).

Table 3 Influence of the coffee variety Arabica, Robusta M38 or TR9 on coffee height (in cm), above- and below-
ground biomass (in g, dried shoots, roots were differentiated into those sampled into the first patch that received
compost substrates “inner” or those collected outside the patch in the poor quality soil “outer””) and number of day
needed for obtaining the senescence of leaves.

Variety  Fertilization Height (cm) Dried shoot (g) Dried roots (g) Dried roots (g)  Number of

(inner) (outer) days (day)

Arabica M 158€(0.9) 1.75(0.1) 7.7A(0.5) 6.88(0.1) 15~ (0.0)

MC 325A(1.8)  2.0%(0.0) 8.4A(0.4) 7.77(0.3) 12 B (0.0)

MV 34.34(0.8) 50P(0.1) 8.34(0.3) 7.6A(0.1) 12 8(0.0)

Robusta M 18.2 € (0.8) 3.3F(0.1) 3.6E(0.4) 7.7 (0.5) 12 8(0.0)
M MC 35.4A(1.5) 49°(0.1) 4.8 BCP (0.1) 8.44(0.4) 6°(0.0)
MV 355A(14) 89A(0.1) 5.1B€ (0.1) 8.3A(0.3) 6 (0.0)

Robusta M 25.08(1.7) 3.9E(0.3) 4.1°E(0.1) 7.74(0.0) 128(0.0)
e MC 3287 (16)  6.0°(0.0) 5.4 (0.4) 7.94(0.1) 6°(0.0)
MV 320A(19)  8.2B(0.1) 4.3 € (0.5) 8.34(0.3) 8°(1.0)

Treatments are represented as follow: “M” only NPK; “MC” NPK + compost and “MV” NPK + vermicompost.
Upper case different letter within each coffee variety indicate significant differences between fertilizers (P<0.05).
Values in parenthesis are standard errors, n = 3.

Therefore, this study confirmed the effectiveness of organic fertilization for improving coffee development, and
also highlighted that this effect was more significant for Arabica and the old M38 Robusta variety compared to the
new TR9 one. However, this study did not confirm the general assumption that vermicompost is more effective than
aerobic compost for improving plant growth and yield and mitigating plant stresses [19-22]. Conversely, these
results show that the positive effect of vermicompost on plant growth and yield is dependent on a large number of
environmental factors, including crop varieties and soil properties [10,23,24]. Figure 1 also shows that plant
resistance to drought was related to the first axis of the PCA.

Arabica plants resisted better to drought than Robusta varieties, without difference between TR9 and M38
Robusta varieties. This result was surprising since Robusta plants are known to be more productive, vigorous and
robust than Arabica plants [25]. The root systems among the Robusta drought tolerance clones were associated by a
deeper root length and a larger root dry mass for plant water consuming under the open directly light [26]. Plant
resistance to drought under greenhouse condition was not associated to the root biomass and AWC, rejecting
therefore our first hypothesis. Hence, plants that were only amended with chemical fertilizers showed a slower
growth but resisted longer to drought, which did not confirm our first hypothesis (i.e. higher soil fertility is
associated to greater plant growth and resistance to drought).

Finally, the influence of compost and vermicompost on root development was highly variable and did not
influenced or influenced negatively the root: shoot ratio (Figure 2), then reducing plants resistance to drought

[27,28].
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Figure 2 Root: shoot ratio for the different coffee varieties “Arabica L, Robusta M38 and Robusta TR9” amended
with NPK+compost (in grey), NPK+ vermicompost (in black) or only NPK (in white). Histograms with the same
letters are similar with P > 0.05. Bars are standard errors, n = 3.

These results are in contradiction with those of e.g. [29,30] who observed a better resistance of plants to water
stress in presence of vermicompost. Consequently, the results of this study suggest that the resistance of coffee
plantlets to drought is reduced if the nursery growing media contains compost or vermicompost. Although compost
and vermicompost increased the development of coffee plantlets, especially with Arabica and the old variety
Robusta M38, a key conclusion of this study is also that a too rapid growth of the above-ground biomass is likely to
be associated with a more important sensitivity of coffee plantlets to drought in natural conditions, and most likely
because of a higher allocation of energy towards the above-ground biomass at the expense of the below-ground
biomass.

4. Conclusion

In conclusion, under the limits condition of the pot culture, the responses of coffee varieties to drought stress
were presented by reduction in growth rate of plant height and total dry matter. Although further studies are needed
to confirm the results of this study in the field, a recommendation from this study would be not to use compost or
vermicompost in the nursery growing media but to apply organic matter at a later stage once the root system has
developed enough.
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