Abstract

Cocoa is an inevitable intercrop of coconut plantations in southern states of India.
Micronutrient deficiency in cocoa plantations is a potential yield depressing factor which
warrants immediate attention. Ubiquitous deficiency of micronutrients is noticed to the tune
of 17 % of DTPA Fe, DTPA Mn in 7.5 %, DTPA Zn in 71.2 % and DTPA Cu.in 32.5% in
the cocoa growing locations. Hence micronutrient mixture was developed:at: Coconut
Research Station, Aliyarnagar so as to elicit the impact of application. of:micronutrient
mixture on DTPA extractable micronutrient status and on the.productivity of cocoa.
Experiments included testing various grades of micronutrient formulations applied in soil
along with foliar spray. Results revealed that micronutrient mixture grade 3 resulted in higher
available DTPA status compared to other formulations. However grade 3 showed higher
status of DTPA extractable micronutrients and it showed Statistical parlance with grade 4.

Foliar application of micronutrients did not create noteworthy impact on soil fertility status.
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Introduction

Coconut is an important horticultural'crop which has a significant bearing on the livelihood
security of small and marginal famers in Tamil Nadu. Cocoa, an intercrop of coconut
plantations spreading over an area of 5000 ha in the state,more concentrated in the districts of
Coimbatore, Theni and Kanyakumari, has been dwindling in the recent past because of an
array of cultural and socio-economic factors, thus widening the gap between demand and
supply ‘(Sudhalakshmi, 2021). The global cocoa demand is on the rise and considering the
diminishing income of cocoa farmers, increasing cocoa productivity is highly imperative.
Cocoa turned out to be a succumb victim to an array of micronutrient [deficiencies especially
due to that of iron and zinc. Interveinal chlorosis, rosetting of leaves, sickle leaves (Fig. 1.)
and cherelle wilt are the common images of cocoa plantations in Tamil Nadu, pulling down
the productivity by 40 - 60 %.
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Fig. 1. Micronutrient disorders in cocoa plantations of Tamil Nadu

Managing soil fertility to attain acceptable crop yields without adverse effects on the
environment is a global challenge to agricultural land-use:systems (Tittonellet al., 2013;
Wessel et al., 2015). The key crop growth limiting factors are low soil moisture, low soil
organic matter and deficiencies in soil phosphorus (P), potassium (K) and magnesium (Mg)
(Afrifa et al., 2009; Kongor et al., 2018).Soil suitability bnd soil fertility are highly
imperative forimproving the productivity of cocoa in the coconutintercropping system.In the
benchmark survey conducted by Sudhalakshmi, 2021, ubiquitous deficiencies of
micronutrients in soil was witnessed to the tune of 17 % of DTPA Fe, DTPA Mn in 7.5 %,
DTPA Zn in 71.2 % and DTPA Cu in 32.5% of the cocoa growing locations. Hence the
research was carried out to elicit the impact of micronutrient application on DTPA

micronutrient status in soil,

Materials and Methods

Microhutrient concentration in the index leaf samples and the dry matter production,
micronutrient requirement of cocoa plant was arrived at as 100-25-50-25-10 g of FeSOs,
MnS8O., ZnSO4, CuSO, and borax respectively. Amalgamating the above nutrient
requirement and the fertility status of the cocoa growing locations, four grades of
micronutrient mixtures (Grade 1-4) were formulated with FeSO,, MnSO,, CuSO,, ZnSO,,
borax, gypsum as filler material and were test verified under calcareous (Farmer’s field at a
village — Marichanaickenpalayam) and non-calcareous (Field No. B9, CRS, Aliyarnagar)
conditions in CCRP accessions. Experiments were laid out in Randomized Block Design
with each treatment replicated thrice as shown below,
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Treatments

T, : Control (Without micronutrient application)
T, : MN mixture Grade 1 @ 100 g per plant
Ts : MN mixture Grade 2 @ 100 g per plant
T, : MN mixture Grade 3 @ 100 g per plant
Ts : MN mixture Grade 4 @ 100 g per plant
Ts . Foliar spray of FeSOsand ZnSO, @ 0.5 %
T, . Foliar spray of FeSO, and ZnSO, @ 1.0 %
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Aliyarnagar (Field No. B9) had neutral pH, electrical conductivity was harmless, available
nitrogen and potassium were low, phosphorus.was-medium, organic carbon was medium,
DTPA Fe and Mn were sufficient and:free,CaCOz'was 1.45 %.

Table 1. General characteristics of the experimental fields

Parameter Marichanaickenpalayam | CRS, Aliyar Nagar (B9)
(Calcareous location) (non—calcareous location)
Location 1 Location 2
pH 8.39 6.49
Electrical conductivity (dSm™) 0.11 0.06
KMnO,~N (kg-ha™) 238 210
Olsen —P (kg ha™) 14.9 13.2
INNH,OAc K (kg ha™) 371.8 92.0
Organic carbon (%) 0.85 0.50
DTPA Fe (ppm) 3.71 9.18
DTPA Mn (ppm) 5.36 3.85
DTPA Cu (ppm) 1.59 0.196
DTPA Zn (ppm) 0.92 0.121
Free CaCOs (%) 6.48 145 | | Comment [P8]: Where’s the analysis for
significance?




(ii) Differential effect of micronutrients on DTPA extractable micronutrients in soil
a.DTPA Fe

DTPA Fe content of soil ranged from 2.61 to 3.74 ppm in location 1 and 9.04 to 10.49
ppm in location 2. The mean content of DTPA Fe in soil was higher in location 2 than in
location 1 which may be attributed to the calcareous nature of location 1 leading to fixation of
iron as siderite. The content was higher with MN mixture Grade 4 followed by Grade 3 in
location 1 and Grade 3 followed by Grade 4 in location 2.The content was lowest with foliar
spray of micronutrients @ 0.5 % in location 1 and in control in location 2. Irrespective of the
sampling sites, foliar spray of micronutrients did not reveal spectacular increase in DTPA Fe

content of soil (Table 2).

Table 2. Differential effect of micronutrient treatments on DTPAEe (ppm) content in
calcareous and non-calcareous soil conditions

Location/1 Location 2
Treatments 2017 2018 PrTc:g;er:j 2017 2018 I?;)gge:
Ts- Control (Without 271 | 269+ 270 | 918 | 904 | 911
micronutrient application)
T, - MN mixture Grade 1 @ 100 g '86 2196 591 9.26 9.42 9.34
perplant ) ) ) ) ’ )
T3- MN mixture Grade 2 @ 100 g 501 342 317 9.42 958 9.50
per plant ) ’ ) ) ) )
Ta-MN mixture Grade 3 @100 | % 5 a9 | 367 | 328 | 937 | 1049 | 9.93
per plant ) ) ) ) ) )
Ts- MN mixture Grade:4 @ 100-g 593 374 334 9.44 9.72 9.58
per plant ) ) ) ) ) )
Te - Foliar spray of. FeSO4&
7050, @ 05% 2.61 2.69 2.65 9.24 9.26 9.25
T+ - Foliar spray of FeSO4&
7nS0: @ 1.0 % 2.68 2.72 2.70 9.25 9.19 9.22
CD (P.=0.05) 0.1362 | 0.1535 | 0.1043 NS | 0.2319 NS | [ comment [P9]: Have this on previous table
too
b. DTPA Mn

DTPA Mn content of the soil ranged from 5.09 to 5.90 ppm in location 1 and 3.85 to
4.02 ppm in location 2 across different treatments. The mean content of DTPA Mn in soil
was higher in location 1 than in location 2. Although the content of DTPA Mn was higher
with MN mixture Grade 3 in both the sampling sites, statistical parlance was observed for
the differential effect of treatments. This may be due to the fact that all the grades contain

equal percentage of Mn and the soils of both the locations are sufficient in DTPA Mn.



Except in control, there was a gradual shot up in DTPA Mn with increasing years of

application (Table 3).

Table 3. Differential effect of micronutrient treatments on DTPA Mn (ppm) in

calcareous
and non-calcareous soil conditions
Location 1 Location 2
Treatments 2017 2018 Prﬁg;er? 2017 2018 Prggger:j
T1- Control (Without 543 | 519 | 531 | 385 | 389 | 3.87
micronutrient application)
T, - MN mixture Grade 1 @ 100 g 554 568 5 61 391 399 3.05
perplant ' ' ' ' ' '
T3- MN mixture Grade 2 @ 100 g
per plant 5.81 5.82 5.82 394 4.02 3.98
T4- MN mixture Grade 3 @ 100 g 5 85 5.90 5 88 3.96 402 3.99
per plant ) ) ) : ) )
Ts- MN mixture Grade 4 @ 100 g
per plant 5.86 5.89 5.88 3.87 4,01 3.94
Te - Foliar spray of FeSO4&
7050, @ 05 % 5.09 5.53 5:31 3.85 391 3.88
T+ - Foliar spray of FeSO4&
7nS0; @ 1.0 % 5.18 5.49 5.34 3.89 3.96 3.93
CD (P =0.05) NS NS NS NS NS NS | - '{Comment [P10]: How do you explain this J
c. DTPA Zn

DTPA Zn content of soil ranged from 0.889 to 1.812 ppm in location 1 and 0.178 to

0.697 ppm in location 2..The mean content of DTPA Zn in soil was higher in location 1 than

in location 2. Application of MN mixture grade 3 @ 100 g per plant resulted in higher DTPA

Zn content in bothithe locations and was closely followed by MN mixture grade 4. Increased

DTPA Zn content in the soil receiving MN mixture grade 3 may be attributed to the higher

percentage-of Zn in the mixture. Depletion of DTPA Zn content was witnessed in control.

Foliar application of micronutrients did not register a hike in Zn content in the soil. Despite

the application of ZnSQO,, although an increase in DTPA Zn content has been witnessed, it

failed to cross the critical level of 1.2 ppm in location 2 (Table 4).

Table 4. Differential effect of micronutrient treatments on DTPA Zn (ppm) in
calcareous andnon- calcareous soil conditions

Location 1 Location 2
Treatments 2017 2018 Pooled 2017 2018 | Pooled
mean mean
T,- Control (Without 0.920 0.889 0.905 0.199 | 0.178 | 0.189




micronutrient application)

To- MN mixture Grade 1 @1009 | 4 14 | 1121 | 1068 | 0432 | 0572 | 0502
perplant

Ts- MN mixture Grade 2@1009 | 4 145 | 1246 | 1196 | 0.519 | 0594 | 0557
per plant

Ta-MN mixture Grade 3@1009 | 4 751 | 1812 | 1767 | 0655 | 0.697 | 0.676
per plant

Ts- MN mixture Grade 4 @ 100 g

per plant 1.642 1.796 1.719 0.606 | 0.642 | 0.624
Te - Foliar spray of FeSO4&

7050, @ 05 % 0.971 1.048 1.010 0.204 | 0.5264| 0.365
T+ - Foliar spray of FeSO4&

7nS0; @ 1.0 % 0.989 1.086 1.038 0.219 | .0:241 |- 0.230
CD (P =0.05) 0.0603 | 0.0646 | 0.1343 | 0.0547 | 0.0256 |' 0.0434
d. DTPA Cu

DTPA Cu content of the soil samples ranged from 1.59 t0%:89 ppm‘in location 1 and

0.119 to 0.484 ppm in location 2. The mean content of DTPA Cu in soil was higher in

location 1 than in location 2. In location 1, application of MN mixture grade 2 resulted in

higher DTPA Cu content and was followed by MN mixture grade 3 whilst that was achieved

with grade 3 in location 2. Comparatively lower DTPA Cu content in grade 4 may be

ascribed to the lesser percentage of Cu. in:grade.4. Foliar treatments failed to record

appreciably higher level of DTPA Cu,content compared to the control (Table 5).

Table 5. Differential effect of.micronutrient treatments on DTPA Cu (ppm) in

calcareous
and non-calcareous soil conditions
Location 1 Location 2

Treatments 2017 2018 Pn?g;er? 2017 2018 F;gg;e:
T1- Control (Witigout | 159 | 161 | 1.60 | 0121 | 0.119 | 0.120
micronutrient application)
To- MN mixture Grade 1 @1009 | 167 | 170 | 166 | 0271 | 0284 | 0278
perplant ) ) ) ) ) )
Ts-MN mixture Grade 2@1009 | 145 | 189 | 188 | 0342 | 0471 | 0.407
per plant ) ) ) ) ) )
Ta- MN mixture Grade 3 @1009 | 474 | 177 | 176 | 0416 | 0484 | 0450
per plant ) ) ) ) ) )
Ts- MN mixture Grade 4 @1009 | 145 | 164 | 163 | 0246 | 0251 | 0249
per plant ) ) ) ) ) )
Te - Foliar spray of FeSO4&
ZnSO; @ 05 % 1.61 1.72 1.67 0.168 | 0.186 0.177
T+ - Foliar spray of FeSO4&
7nS0. @ 1.0 % 1.64 1.74 1.69 0.177 | 0.194 0.186
CD (P =0.05) 0.0810 | 0.2153 | 0.1652 | 0.0325 | 0.0395 | 0.0486




e. Hot water soluble boron

Hot water soluble boron content ranged from 0.2361 to 0.4181 ppm in location 1 and
0.5380 to 0.8371 ppm in location 2. The mean content of hot water soluble boron (HWS B)
was higher in location 2 than in location 1. Soils were sufficient in HWS B in both the
locations. Micronutrient mixture grade 4 registered higher boron content in location 1 and
was followed by grade 3 while that was achieved with grade 3 followed by grade 4 in
location 2. Inspite of the sufficiency of boron in soil and uniform content across<different
grades of MN mixtures, the differential effect of treatments in the experiment. may be
ascribed to the interaction effect of other micronutrients complementing.and retarding the

content of hot water soluble boron in soil (Table 6).

Table 6. Differential effect of micronutrient treatments on HWS - B (ppm) in calcareous
and non- calcareous soil conditions

Location 1 Location 2

2017 2018 Pooled 2017 2018 Pooled
mean mean

Treatments

T~ Control (Without

- - - 0.2361 | 02458 | 0.2410 | 0.5380 | 0.6116 | 0.5748
micronutrient application)

T, - MN mixture Grade 1 @ 100 g

perplant 0.3186 | 0.3216 | 0.3201 | 0.6185 | 0.6314 | 0.6250

T3- MN mixture Grade 2 @ 100 g

per plant 0.3241 |.04017 | 0.3629 | 0.7251 | 0.7261 | 0.7256

T4- MN mixture Grade 3 @ 100.g

per plant 0.3461 | 0.4181 | 0.3821 | 0.8371 | 0.8371 | 0.8371

Ts- MN mixture Grade 4 @-100 g

per plant 0.3726 | 0.3921 | 0.3824 | 0.8255 | 0.8316 | 0.8286

Te - Foliar spray of FeS04&

7nS0. @ 0.5 % 0.2812 | 0.2965 | 0.2889 | 0.5689 | 0.6744 | 0.6217
4 .

T+ - Foliar spray of FeSOs&
7nS0: @ 1.0 % 0.2941 | 0.3056 | 0.2999 | 0.5800 | 0.6826 | 0.6313

CD (P =0.05) 0.0533 | 0.0420 | 0.0161 | 0.0827 | 0.0898 | 0.0851

[ Development of nutrient formulae hold great promise in improving the yield of cocoa.
The formula fertilizer N, P, K, Ca and Mg 12.9: 11.4: 16.8: 10.6: 4.8 balanced, dose 1.120
gltree, application 2 weeks after pruning and fertilizer application planting system is well
applied to productive cocoa, but not recommended on non-productive cocoa plants (Nurdin et
al., 2023). Micronutrient malnutrition or hidden hunger remains a major global challenge for
human health and wellness. The problem results from soil micro- and macro-nutrient
deficiencies combined with imbalanced fertilizer use. Micronutrient-embedded NPK

(MNENPK) complex fertilizers have been developed to overcome the macro- and micro-




element deficiencies to enhance the yield and nutritive value of key crop products. Applying
a multi-element foliar fertilizer improved the nutritional quality of eggplant fruit, with a
significant increases in the concentration of Fe (+26%), Zn (+34%), K (+ 6%), Cu (+24%),
and Mn (+27%), all of which are essential for human health. Increasing supply of essential
micronutrients during the plant reproductive stages increased fruit yield, as a result of
improved yield parameters. Foliar fertilizing with a multi-nutrient product such as MNENPK
at eggplant flowering and fruiting stages, combined with the recommended-doses of NPK
fertilizers is the optimal strategy to improve the nutritional quality of eggplant fruits and
increase crop yields, both of which will contribute to reduce micronutrient malnutrition and
hunger globally (Bana et al., 2022) |

Summary and Conclusions

Cocoa is an important intercrop of coconut plantations in"India. Participation of every
nutrient is imperative to reap maximum benefit from coeoa. Micronutrient deficiency
manifests itself as interveinal chlorosis, resetting of leaves, reduced pod yield and complete
crop failure. Ubiquitous deficiencies of micronutrients is witnessed in cocoa growing soils of
Tamil Nadu. Various micronutrient mixtures were formulated to elicit their impact on the soil

micronutrient status. Of the various formulations, micronutrient formulation grade 3 was
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