CHAPTER 10

CASHEW-GROWING SOILS
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ABSTRACT

Cashew is a major crop of India and many other countries of the world.
There is great potential to expand area under this crop and exploit it
commercially. Soil is a crucial factor that determines the suitability of sites
for cultivation of cashew. However, a synthesized body of work on the soil
information of cashew-growing soils is not available. This chapter attempts
to review the available literature and present comparisons of cashew-
growing soils from different parts of the world. Special focus is placed on
the soils of Konkan, Maharashtra which is the region renowned for cashew
production and cashewnut quality. Physical and chemical properties of
cashew soils from Africa, Australia and Vietnam are compared. In India,
benchmark soils as well as soils from different cashew growing states are
compared. An attempt is also made to assess the carbon sequestration in
cashew soils of India. With the available data on the soils of Kerala and
Maharashtra, it appears that threshold limit of SOC stock (Pg million ha-
) is well above the limit earlier reported for the soils of North-east India
as well as Konkan which is responsible, perhaps, for maintaining the green

belt of coastal ecosystem.

The distribution of clay in the subsurface play an important role in
cashew tree orchards. The clay distribution gradually increased down
the soil depth. Despite some early reservations, the plant available water
capacity (PAWC) has emerged as a better quality parameter to adjudge
soil suitability for deep-rooted agricultural crops. The PAWC values are

relatively more in soils of Maharashtra than Kerala. Along with smectitic
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mineralogy in the soils of Maharashtra, it seems that the PAWC for cashew
even in stress condition will be more in soils of Maharashtra than those of
Kerala. It appears appropriate that a study of organoleptic parameters
of consumable cashewnut in different states be compared keeping in view
all the values of PAWC. Similarly, Maharashtra cashew soils showed
higher delta pH than Kerala soils indicating high residual acidity. This
information might be useful in exploring quality of cashewnut grown in

soils of different localities.

Keywords : Cashew-growing soils, soil suitability, Konkan, Kerala, carbon stock,

PAWC, cashew quality, smectitic.
INTRODUCTION

Cashew (Anacardium ocidentale) is native to Brazil. It was introduced into India
by Portuguese travellers in the 16" Century for afforestation and soil conservation.
India was the first country in the world to exploit international trade in cashew
kernels in the early part of the 20 Century. Cashew is presently grown on an
area of 10.36 lakh ha with annual production of 6.71 lakh t of raw cashewnuts
(Anonymous 2017, FAO 2018). Most of the area under cashew is in the east-
coast and west-coast regions of the country. In India cashew is grown mainly in
Maharashtra, Goa, Karnataka and Kerala along the west coast and Tamil Nadu,
Andhra Pradesh, Orissa and West Bengal along the east coast. It is also grown to
a limited extent in non-traditional areas (Chhattisgarh and Karnataka, Gujarat,
Jharkhand and North-eastern hilly region). Although Andhra Pradesh has the
largest area under cashew, Maharashtra ranks first in production and productivity

(Table 1) (Figure 1) (Anonymous 2017).
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Table 1 : Area, production and productivity of Cashew in different states/
union territories of India. (Source: Anonymous 2017)

Sr. No. |STATES/UTs Area Production Productivity
'000 ha '000 MT MT ha

| Maharashtra 186.20 256.61 1.38
3 Andhra Pradesh 185.57 111.39 0.60
4 Odisha 182.91 93.90 0.51
5 Karnataka 126.71 85.15 0.67
6 Kerala 87.29 83.98 0.96
7 Tamil Nadu 141.33 67.65 0.48
8 West Bengal 11.36 12.96 1.14
9 Chhattisgarh 13.70 9.33 0.68
10 | Gujarat 7.22 6.50 0.90
11 Jharkhand 14.83 5.83 0.39
12 |Meghalaya 8.50 5.83 0.69
13 | Tripura 4.25 3.45 0.81
14 | Assam 1.05 1.08 1.03
15 |Nagaland 0.50 0.54 1.08
16 | Manipur 0.90 0.32 0.36
18 | Others 63.17 34.82 0.55

TOTAL 1035.49 779.34 0.75

Maharastra

180
160
140
120

Kerala

100

80

60

40

20 | |
[

176

| Advances in Cashew Production Technology




= -
| i (&=
——— {1-9102 — LT-ST0Z — 19102 —— (1-910Z L1-9702 m —
te—— 519107 — STVTOZ —— T T0Z — 1~ T0Z svioz | ¥
—— 1-£ 102 — 1-E10Z —— €07 — €102 vIEIZ | =
| | | e1-z102 — 7107 | | £1-2102 7 7 — ET1-Z10Z £1-2102 = —
| — 21-1102 — 11107 — 771107 I —— Z1-1102 ez | S m.J
— 11-0T02 — 11010 —— 1007 — 110102 e — 1T-010Z | K
—— 01-600C — O1-600Z — 06002 —— 016007 ettt 01-6007 | (Bl =
e £0-8007 — 50-8002 — 05007 — 50-800Z so-8c0z | =
—— 80-{00Z — 50-{00Z — 80-( 007 ——— B0 00Z ettt 80-£002 | | 3
—  O-900T — /0-9007 | | e—  0-300T [— {0-900Z — (0-900Z | == Ta.u
—— 905002 — 90-5002 | — 90-500Z — 00-500Z — 90-500Z | 4
——— S0-¥00Z — 04002 —— 507002 | o — 50-100Z ——— 504007 | = M
——— 5 0-€ 00T — ©0-£00Z —— 0-£00Z P— 70~ C0Z — 0-E00T = =
—— €0-T 00T — £0-2002 — 02002 | [—C-200Z p— £0-Z00Z | *™ W
—— 20~ 00C — Z0-100Z — 70-1007 — 201002 —— 70~ 002 % =
——— 10-000Z — 700002 — 100002 — ] 0-000Z — 100002 | 45 e
et (0-666T — 006667 — 006661 | | eo—00-565T Nt— 00-665T m &£
—— G6-866 1 — 568661 | — G-BGE | | ——— 68661 — 668661 17 EN
—— B6-L 66T - 86-L667 7 — 8666 T i f— BE-L 66 r—BE-(E6T | g N
— {69661 — 69667 —— {69661 |—— {6-D66T —— 6966 ] [==] m
| e— 965661 — 96-5661 — 965661 — 96-G661 — 965661 .m C]
— G6-VEET m— S6PG6T — 6-066T i — G666 | — 56-765T (W]
&= —— 6-E66T —V6€661 — 66T w— VE-E66T s —— 5-E661 E =
4 — E6-Z66T — E6-Z661 — 6266 = | — 66T | | o5 — EGZE6T | o 4
T b 76661 | | @ — 761661 | 8 —— zs1051 || D | w— 61651 m — 7G-TEET | = S
= 160661 | | £ - 160661 = p—— = o 160661 | | T — 160661 | = =
5 — 066851 | | 5 - 06-6861 m | e 066867 e e 066861 o — 06-5861 m =
E — 68-886T (e] | == 68-8861 - — 55861 E G888 1 o w— 588861 | vm
5 — 88285 | w-sggsl || 2 g3 20 | | = 7 b m5c561 | | W — secsel | <
Am — 8-096T [ 489861 — /59361 — 89851 .w — {8086 =
— 98586 | = 98861 — 98-GEET | g 08-5861 — 985861 |
— GE-7E5T | = S8¥861 — E085T | o SE-05T w—5EvEs1 | O
| ve-€96T | = vees6l — 08-€86T o 0E-ES6T —pESET | O
82851 | w828 — , 82861 o €8-2861 | o
— 2B-185T | =zss61 ZaTaeY 781851 — 1851 | S
— 180861 | = 180861 —— 190987 [ b 18-0861 — 180861 | S
w— 08-6L6T " 086161 — 086161 — 08661 — 08661 | 2
w—6/-86T 1 618161 61-8L61 [ ﬁ BL-BL6T e GL-BLET [ QW
w— BI-LL6T 1 BLLLET — [ 8L-L161 — BLLIET | =
| — 8l-LLET w
- 19261 1 £2-9161 — 7510 = Le9i61 w— sl | B
“ MMWMM | “ MMM — 9LGLET | 945161 —_— N.WMM 5 )
| —GUIET [ - 5L-DI6T = ‘v
- pL-EL6T | vessst e —0LEL61 — pLEE] | W= Q)
- ELTL6T | £L2U61 - 26T [ EL-zist — ELTUET | gy &=
- CL1ist | | zeust e | ] 221268 — sl [T =
- 12061 120461 w— 10161 01 | 2 Q
3 - 1/0L6T [ ' o -
- 06961 0L-6961 pgiedd , — 06561 e 0L-6961 | 2
- 69-896T 69-8951 = e £5-8561 w— oBl | Lo S
= 89561 89-£967 saswl [ I w—85-L96T =]
. - 8S-£961 o P
- (9991 499961 = 199961 T (99561 — (99961 a =
995961 995961 | 99-5961 = y
" | - 995961 = S5-S361 o cp &
o o © © o o o o
28288 F 8% 88 sgegggsgee 8RgR298RS° REREREERE = = ®
—




India requires about 12-13 lakh tons of raw cashewnuts to feed large number of
cashew processing units (1,800 medium to large, and 1,850 on-farm processing
units) engaging over 5 lakh workers, especially women. As India produces just
6.95 lakh tons of raw cashewnuts annually, the balance of 6.0 lakh t of raw
cashewnuts is imported annually by India from the African and South East Asian
countries. India exports 1.1 lakh t of cashew kernel to over 65 countries in the
world. About ¥ 2,906 crore is earned as foreign exchange through export of
cashew kernel, and an additional ¥ 24 crore by export of the Cashew Nut Shell
Liquid (CNSL) (Bhat et al. 2010).

Traditionally, cashew has been an important crop in the coastal region (western
and eastern) of the country but has recently been spreading to non-traditional
areas as well. There is a great scope for expanding area under cashew in the plains
of Karnataka, Chhattisgarh and non-traditional areas of Gujarat, Jharkhand, north
eastern hilly region and Andaman and Nicobar Islands (Table 2) (Bhat et al.
2010). This is not clear how these authors arrived at these figures. The expansion
of rubber in Tripura as an important plantation crop competing with other
horticultural crops has been detailed elsewhere (Bhattacharyya et al. 1996, 2003,
2004). The methodology of that elaborate process needs to be followed. And to do

that details investigation on soils and landscape need to carried out.

Table 2 : Potential area available for expansion of cashew. (Source: Bhat et al. 2010)

State Area (million ha)
Bihar 0.25
Goa 0.1
Jharkhand 0.25
Chhattisgarh 0.5
Kerala 0.25
West Bengal 0.25
Gujarat 0.25
Tamil Nadu 0.25
NEH Region 0.5
Andhra Pradesh 1
Karnataka 1
Orissa
Mabharashtra 1.5
Total 7.1
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CASHEW IN INDIA

The cashew tree (4nacardium occidentale), has a long standing history as an
extremely useful tree both in terms of nutrition, as well as a food taste enhancer.
Considered to be a native to the northern part of South America, it is now
found in many tropical countries. The English name ‘cashew’ is derived from
the Portugese name ‘caju’, it is called ‘acaju’ in Brazil, ‘merey’ in Venenzuala,
‘cajuil’ in Spanish and ‘decajou’ in French. Cashew was introduced to India by
the Portugese between 1563 and 1570. The Portugese people was the first to bring
cashew to Goa and then spread this nutritional tree nut across the western region
of India, and later to South East Asia. A Portugese missionary from Brazil brought
cashew to Goa in order to stop soil erosion along with the west coast of India. It
is said, that the edible value of the cashew nut was discovered by Goan prisonets
exiled to the Portugese territory of Africa (Mozambique) during Goa‘s freedom
movement in 1752. The prisoners tried them, and used them as a regular food
item. Thus, the cashewnut became a part and parcel of Goan life. The local people
of Goa started consuming cashewnut by the middle of the 18% century and now, it
commercially ranks second to almond. Cashew now occupies amomng the nine

important tree nuts in trade in the whole world (Anonymous, 2018).

In Venezuela cashew is called merey, but in all other Spanish speaking countries
of Latin America it is called maranon, which may be derived from one of the first
regions where the fruit was seen, viz the State of Maranhao in northern Brazil.
Cashew originally belongs to Brazil, found well at home in Indian peninsular soils,
and got exploited to the maximum benefit towards improving the rural economy
and as a premier crop of Indian commerce. The tree establishes itself easily and by
men and animals may have increased its growing area even in pre-historic times.
It is likely that Spanish sailors have taken the nut to Central American countries
and certain that the Portuguese brought the cashew to their territories in the East
Indies and Africa. It may be assumed that cashew came to Goa, Portugals main
settlement in the East Indies at a time, between 1560 and 1565. It is believed that
the Portuguese brought the cashew to India, between 1563 and 1578. After India it

was introduced into South-Eastern Asia and, according to Agnoloni and Giuliani
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(1977), it arrived in Africa during the second half of the XVI century, first on the
east coast and then on the west and lastly in the Islands. The cashew later spread
to Australia and some parts of the north-American Continent. Finally, its present
diffusion can be geographically located between 31 North latitude and 31 South
latitude, both as the wild species and under cultivation (Ohler, 2001).

CASHEW GROWING SOILS

Cashew is grown on different types of soils (laterite, red, black and coastal sands)
and experiences severe moisture stress from January to May, which adversely
affects flowering and fruit set. Coconut husks buried in trenches of | m width, 0.5
m depth and 3.5 m length per plant, opened across the slope between two rows of
cashew, helps better soil and water conservation (Saroj 2015). This not only helps

conserving moisture for cashew but also in preserving soils by reducing erosion.

A large portion of cashew growing soils is reported to be acidic. Some of the
major constraints to cashew production on acid soils are: i) low soil pH ii) Al,
and Mn toxicity, iii) low base saturation, iv) low available P and high P fixation
capacity, v) low concentrations of exchangeable calcium (Ca), magnesium (Mg)
and potassium (K), reduced zinc (Zn), molybdenum (Mo) and boron (B) vi) low
microbial activity (nitrification), vii) low water holding capacity (except soils in
basaltic terrain) (Saroj 2015, Bhattacharyya et al. 2018)).

As has been shown in Table 3, well drained, loam to clay loam, 150-300 cm
soil depth, acidic to near neutral soil reaction, non-saline with nearly 0.71 %
organic carbon with high base saturation to the tune of nearly 60—65 % are ideal
for cashew cultivation. It has to be remembered that cashew grows well between

200-250 m elevations above mean sea level without any water stagnation
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Table 3 : Suitability criteria modified from the studies based on the cashew

crop performance and yield.

Sail site Unit Rating References
characteristics
Highly Moderately | Marginally | Not
suitable suitable suitable suitable
S 52 S3
Climatic Total rainfall mm 1500-3000 ] >3500 750-1000 <750 Srinivasan et al
regime 1000-1500 2011)
087-2247 | 827987 601-827 <601 Widiatmaka et al
22473197 31974926 >4926 (2015)
2500-3000 [ <2000 1500-2000 |- Personal
>4000 communication*
Mean & 25-35 31-40 40-50 >50 Srinivasan et al
temperature 15-24 12-14 <2 (2010
18-32 3235 3540 >40) Personal
14-18 10-14 <10 communication*
Mean RH % 60-90 40-60 - - Srinivasan et al
90 2011)
63-98 35-85 40-55 <40 Personal
communication®
Dry months months 1-4 46 6-8 >§ Srintvasan et al
<l 2011)
5198 3.9-5.1 439 Widiatmaka et al
98-105 105-104 >4 (2015)
Length of days >210 150210 90-150 - Srinivasan et al
growing period 2011)
Site Elevation meter <600 600-900 900-1500 >1500 Stinivasan et al
characteristics | (Altitude) (2011)
<195.6 195.6-324.4 | 32444562 | >456.2 Widiatmaka et al
(2015)
10-250 250-350 350-500 =500 Personal
communication®
Slope % <15 15-33 33-50 >50 Srinivasan et al
(2011)
<119 119-23.1 23.1-774 >774 Widiatmaka et al
(2013)
Water table meter >3 1-3 0.5-1 <05 Srinivasan et al
2011
Surface Rock % <145 145288 28.8-7535 >75.5 Widiatmaka et al
{2013)
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Soil
charactrictics

Drainage Qualitative | Well to Improper well saturated | - Srinivasan et al
class moderate | Well to poorly- Stagnant [ (2011)
well moderate drained Personal
communication®
Texture ,sl, scl, ¢ | clsills,s sic, {non ¢ ¢ Stinivasan et al
(coastal) (swelling) (swelling) | (2011)
cl, scl, | sc, ¢l, sl ¢, sic, sicl ¢, si,ls, s | Widiatmaka et al
sl, 1 cl sic ¢ (2015)
Depth o >39.7 21.1-39.7 6.6-21.1 <6.0 Widiatmaka et al
2015)
150-300 [ 100-150 50-100 <50 Personal
communication®
pH 50-73 7.3-8.0 3.0-40 <30 Stinivasan et al
4050 8.0-95 >935 (2011)
54-6.4 5.1-54 46-5.1 <46 Widiatmaka et al
6.4-6.9 69-1.7 >17 (2015)
EC dSm*! <2 24 4-10 =10 Srinivasan et al
2011)
CEC cmol{+)kg" [ >12.40 854-1240 [256-854 <256 Widiatmaka et al
(2015)
SoC % >0.78 049-078 0.11-0.49 <011 Widiatmaka et al
{2015)
Base saturation | % >63.7 <657 - - Widiatmaka et al
(2015)
Total N % >0.072 0.052-0.072 [0.029-0.052 |<0.029 Widiatmaka et al
(2015)
Available P ppm >39.69 10.84-39.69 | 1.02-10.84 .02 Widiatmaka et al
(2015)
Exchangeable K | emol{+)kg" | >0.37 027037 0.10-0.27 <0.10 Widiatmaka et al

(2015)

*personal communication: P. M. Haldankar and B. R. Salvi, DBSKKV, Dapoli, Maharashtra

CLIMATE AND SOIL

Climate

Cashew tree is an evergreen plant, although a partial replacement of the leaves can

occur. Owing to its sensitivity to low temperatures, its geographic distribution is

confined to regions between 27 °N and 28 °S (Frota and Parente 1995). In spite of

being a tropical fruit in origin, the cashew develops well in temperatures varying

from 22 to 40°C, although Parente et al. (1972) cite 27 °C as the ideal average
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temperature for normal development and fruit bearing. Owing to the influence of
altitude on temperature, cashew plantations may be found at altitudes up to 1,000
m close to the equator. In higher latitudes and altitudes above 170 m, the yield is
negatively affected (Aguiar and Costa 2002). Cashew develops well between 70%
and 85% relative humidity. Trees will grow in regions where the relative humidity
is 50% for a long period of time if the soil contains a good reserve of moisture
or irrigation is used. In regions where the relative humidity is above 85%, fungal
diseases of the leaves, flowers and fruits increase. Wind has little influence on a
cashew plantation. However, at velocities of 7 m s™ or higher, Aguiar and Costa
(2002) reported an increase in loss of flowers and fruits and chances of trees
being blown over. According to Aguiar and Costa (2002), trees are established
successfully when the annual precipitation is within the range 800 to 1,500 mm,
distributed over 5 to 7 months along with a 5 te 6 month drought that coincides

with the flowering and fruiting phases.

Soil

In Brazil, especially in the north-east, the majority of cashew plantations grow on
Quartzarenic Neosols (Quartz Sands), Latosols and Argisols (Podzolics). These are
deep soils with good drainage, and with no stones or impervious layers, but with
low fertility {Crisostomo, 1991). In India, the cashew is cultivated on soil that is
infertile, leached, acidic and sometimes containing excess changeable aluminium
(Al) (Gunn and Coks, 1971; Falade, 1984; Badrinath et al., 1997). This may not
be true as is detailed in the subsequent papargraphs that cashew-growing soils are
also good fertility. Menon and Sulladmath (1982) also reported that satisfactorily
prosperous plantations existed on soils that are volcanic, iron-rich, lateritic rusty,
alluvial, clayey, and those with a high water table, at times subject to flooding.
Since cashew requires fewer nutrients than other fruit trees many plantations are
found on soils of marginal fertility (Latis and Chibiliti 1988), which may not
be true. Research has shown positive responses to mineral fertilizers for cashew
which is expected. (Falade, 1978;; Sawke et al,, 1985 and Grundon 1999).
Falade (1984) concluded that the physical and chemical characteristics of the soil

influence the height of the plant as well as the diameter of the crown, and the
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morphology of the root system. He concluded that light textured soils, free from
stones and without an impervious layer or horizon within the top 100 ¢cm are the
best for growing cashews. Before establishing a plantation, the soil should be
sampled and analysed to determine the need for soil amendments and fertilizers.
In already established orchards, soil and leaf analysis provide supplementary

information as to the recommendations for fertilizers and soil amendments.

The root system of the young dwarf cashew is one very well developed main
root that branches many times and can grow to 10 m or more in deep sandy soils.
Lateral roots develop in the upper soil layers between 15 and 32 c¢m deep. The
length of the superficial roots may reach twice the diameter of the crown in dry-
land conditions (Barros, 1995). When irrigated the lateral roots are concentrated
around the wet area of soil. The characteristics of the tap and lateral roots are
of importance in relation to the fertilization of cashew. Studies on the effects of
topography, soil texture, stoniness and the presence of a hardened soil layer on the
development of the cashew root system showed great variation in the depth of the

main root and distribution in depth and length of the lateral roots (Falade 1984).
AGROCLIMATE OF CASHEW

Cashew is known as a crop of marginal lands. There are very few articles which
specifically deals with cashew-growing soils in their whole perspective. This is
true for most of the horticultural, plantation and spice crops. There are reports
that cashew performs better in class [ and II lands (USDA 1961; Mahopatra and
Bhujan 1974; Anonymous 1974). Interestingly most of the cashew-growing lands
do not fall in these classes, at least the best cashew —producing areas in Konkan,
Maharashtra. Suitability of cashew growing areas indicate that saline and water-

logged areas may not perform well (Table 3).

A. occidentale is a fast growing, hardy and drought resistant multipurpose tree
species cultivated in many tropical countries. It is one of the most well- known
species for its nut in the world, although all parts of the tree may not be used to its

full potential. It is an important tropical tree crop and in terms of international trade
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for major edible nuts it ranks second or third. It is alse a well-known agroforestry
species. The trees produce fruits when they are about 4 years old and maximum

production is from 10 to 30 years {Anonymous 2003).

Cashew is grown in all over the tropics and also part of warm subtropics; but
mostly between the Tropic of Cancer and Tropic of Capricorn. It includes Latin
America (Brazil, Colombia, Cuba, Costa Rica, Dominican Republic, Guatemala,
Panama, Peru, El Salvador, Venezuela); Africa (Angola Basin, Cameroon, Cape
Verde Islands, Guinea-Bissau, Ivory coast, Kenya, Madagascar, Mozambique,
Nigeria, South Africa, Tanzania, Uganda, Zaire, Zambia and in other African
countries in small populations); Asia (India, Indonesia, Malaysia, Philippines, Sri

Lanka) and also in Australia on a limited area (Mandal 2000).

Agro-climatic zoning is a powerful tool used in agricultural and environment
planning of a particular region (Bhattacharyya et al 2015). India in endowed
with diverse agro- climatic conditions capable of producing almost all types of
agricultural production. It includes fifteen agro- climatic zones (ACZ) which have
been delineated in relation to the physiographic and climatic elements, soil types
and groundwater reserves to illustrate crops and their combinations (Anonymous
1989). South Konkan includes west coastal plains and the hills. This coastal strip
along the Arabian Sea from the south of Mumbai all along through Goa and Kerala
receives more rain and is backed by the Western Ghats’ escarpment in comparison
to its eastern counterpart. This is predominantly an area of rice accompanied with
pulse and coconut. There is a diversified plantation economy ranging from cashew
nuts and mango orchards at the foothill junctions with lowlands. Out of nine agro-
climatic zones of Maharashtra, two zones are represented in south Konkan i.e.
very high rainfall zone with red ferruginous soils and the Western Ghats on the

basis of soil type, rainfall, and vegetation (Bhattacharyya et al. 2008).

Temperature and cashew

Temperature plays an important role in determining success and failure of cashew
crop. While rating mean temperature, it has been stated that the range of 25-35 °C
temperature is highly suitable (Table 3). The temperature more than 50 °C and less
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than 12 °C has been considered as harmful for cashew (Srinivasan et al. 2011).

In Konkan, Maharashtra, the variation of temperature during the entire year is not
very large since it is in the coastal region. The month of March, April and May are
hot (32-35° C) which becomes relatively cool with the onset of monsoon. Night
temperature is low in January, the areas within the radius of 20—25 km of coastal

Konkan are pleasant during the hot months due to overall sea breezes.

Rainfall and cashew

Cashew is a typical tropical tree and therefore, it prefers humid to per humid
climate (Bhattacharyya et al. 2013). However, rainfall more than 5000 and less
than 600 has been referred as unsuitable for cashew cultivation (Srinivasan et al.
2011; Widiatmaka et al. 2015) (Table 3). In Konkan, Maharashtra, the rainfall is
relatively more near the Western Ghats. The entire rainfall in this zone occurs

during the months from June to October.

Winds and cashew

High velocity along with hot wind circulation may cause damage to cashew trees
due to breakage of branches, flowers and fruit drops. During the monsoon, the
wind speed is pretty high with general direction of western and south western

angles. In Konkan and other coastal areas this problem is common.

Relative Humidity and Cashew

As mentioned earlier, cashew is a typical tropical fruit tree as for which it loves
high humidity Therefore, the coastal regions like Maharashtra, Kerala and Orissa
with high humid climate especially are preferred locations for cashew. The
relative humidity less than 60 % have been reported to be unsuitable for cashew
(Srinivasan et al. 2011) (Table 3). In Konkan, Maharashtra, relative humidity is
high in the southern Konkan as compared to the northern counterpart. This may be

one of the reasons why cashew performs better in south Konkan.

Length of growing period and Cashew
Length of growing period indirectly indicates total number of months in which

the trees do not experience any moisture stress. This is calculated on the basis of
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revised FAO frame work taking into account the water holding capacity of soils
along with mean rainfall. Usually cashew prefers length of growing period more
than 7 months. If it is less than 3 months, growing cashew will not be profitable
(Srinivasan et al. 2011) (Table 3).

Elevation of land and Cashew

There are varying reports about suitability of cashew vice versa performance of
cashew. It has been reported by Srinivasan et al. (2011) that the elevation less than
600 m above mean sea level is highly suitable for cashew. While Widiatmaka et
al. (2015) stated that nearly 200 m and less elevation is highly suitable for cashew
(Table 3). Few of the factors like water table, surface stoniness have also been

correlated with cashew performance (Table 3).
SOILS

Generalities

Cashew is generally grown in all types of soils in terms of depth, colour, texture
and other parameters. Usually cashew orchards suffer from poor phyto-sanitary
conditions with very little agronomic management. With the advent of modern
techniques and better recommendations from different research organizations,
cashew is now being treated as a most important money- earning venture by the
farmers. As is true, for most of the horticultural crops, there are very less information

on cashew growing soils both in India and abroad (Bhattacharyya et al. 2018).
Properties of selected cashew Properties of selected cashew soils in India

Benchmark soils of India

From the database of benchmark soils in India, four were selected where cashew
is being grown. Analytical data of a few benchmark soils of Karnataka, Kerala,
Odisha, West Bengal and Maharashtra is shown in Tables 4 and 5. Most of the
soils belong to Inceptisols, Entisols and Alfisols (Soil Survey Staff 2014). Using
pedo-transfer functions (Tiwary et al. 2014), the saturated hydraulic conductivity
(sHC) are found to be in the range of 3 to 6 cm hr' indicating well drained

conditions of these soils. Most of the soils are sandy with less silt. Karnataka
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and Odisha soils are acidic to neutral. All the soils are non-calcareous and non-
sodic. Except Kerala soils, others have high base saturation and moderately
high clay cation exchange capacity (clay CEC) indicating mixed and smectitic
mineralogy (Table 5) (Soil Survey Staff 2014; Bhattacharyya et al. 2009).

Table 4 : Physical Properties of cashew growing Benchmark soils in India.

Particle size distribution

Depth (cm)|  g.ng silt Clay |BDP” P
(2-0.05) |(0.05-0.002) | (<0.002)
Arikunte soils (Oxic Haplustepts, Kolar, Karnataka
0-14 83 3 14 1.4 45
14-28 29 5 66 1.5 59
28-80 39 15 46 2.1 39

Trivandrum soils (Ustoxic Dystropepts, Trivandrum district, Kerala)

0-9 38 10 52 1.4 61
9-25 40 9 51 1.4 62
25-52 38 9 53 1.4 55
52-84 34 13 53 1.4 52

Palank soils (Typic Ustipsamments, Puri, Orissa)

0-16 92 34 4.6 1.6 33
16-60 98 0.5 1.5 1.6 32
60-150 98 0.5 1.5 1.6 29

Taldangra soils (Plinthustalfs, Bankura, West Bengal)

0-12 80 7 13 1.6 61

12-33 68 8 24 1.6 59

33-68 66 7 27 1.6 52
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Cashew growing soils from Goa

The soils in Goa are clay to clay loam and are well drained as envisaged by
saturated hydraulic conductivity (sHC) values (Table 6). These soils are non-
calcareous, non-saline, and non-sodic. Information on clay soils indicate that
these soils belong to mostly mixed mineralogy class. Except Madgaon soils, all

the soils are rich in organic carbon (Table 7).

Table 6 : Physical Properties of selected cashew- growing soils in Goa.

Depth Particle size distribution
(cm) Sand Silt Clay BD * sHC i
(2-0.05) | (0.05-0.002) | (<0.002) hourt**

Darbandora soils (Ustoxic Humitropepts), Pernum district, North Goa

0-8 26 22 52 1.4 57
8-19 9 28 63 1.4 54
19-51 9 22 70 1.4 52
51-89 9 20 71 1.4 65

Karmeli soils (Lithic Dystropepts), Salcete, South Goa district, Goa
0-14 30 27 43 1.4 44
14-34 22 30 48 1.4 43
Madgaon soils (Fluventic Ustropepts), North Goa, Goa

0-18 81 8 11 1.4 53
18-46 80 7 13 1.4 49
46-73 53 18 29 1.4 45
73-107 20 22 58 1.4 46
107-128 60 13 27 1.4 46
128-148 60 13 27 1.4 45

Netravali soils (Ustoxic Dystropepts), North Goa, Goa

0-10 24 30 46 1.4 43
10--34 13 30 57 1.4 43
34-54 11 29 60 1.4 38
54-74 12 24 64 1.4 35

SURLA soils (Typic Ustropepts), North Goa, Goa

0-10 18 26 56 1.4 42
11--33 13 26 61 1.4 39
33-49 15 23 62 1.4 40
49-75 12 27 61 1.4 42
75-100 17 21 62 1.4 42
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Cashew growing soils from Kerala

In Kerala, the cashew growing soils were identified from the available resources
judging by their elevations and information on cashew growing districts. In
Pathanamthitta district, four soils were identified with its texture and organic
matter content. The pH of all these soils vary from 4.6-5.3. The clay cation
exchange capacity (CEC) of these soils indicate kaolinitic to mixed mineralogical
class (Bhattacharyya et al 1997). In the surface, most of the soils have Ca:Mg ratio
of 23 which increases down the depth. These soils are non-sodic as evidenced
the by exchangeable sodium percentage (ESP) values. These are well drained

soils with saturated and relative conductivity ranging from 5—6 ¢cm! (Table 8).
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All the five soils are base-poor Ultisols in Kollam district suggesting requirement
of more external doses of nutrients for cashew. These are clay to clay loam soils
with pH ranging from 4.6 — 5.7. Clay cation exchange capacity (CEC) indicate
kaolinitic mineralogical class. These are non-sodic and well drained soils (Table
9). In Kottayam district, three identified soils series vary in texture or clay loam
to clay. Usually content of clay increases down the depth of soils. Soil reaction
(pH) indicates acidicity. Clay cation exchange capacity (CEC) shows kaolinitic
mineralogical class. These are non-sodic and well drained seils (Table 10). In
Ernakulam district, three soil series were identified which are clay loam to clay
in texture. There is a tendency of Cheruvalli soils to develop sodicity (Table
11). Other two soils are non-sodic. Ca and Mg ratio is relatively high and the soils
are well drained (Table 11). In Kozhikode and Palakkad districts, four identified
soils belong to the soil order Ultisols. These are clay loam soils with pH ranging
from 4.5-5.6 (except Kairadi and Kalladikkod). Other soils are non-sodic. All
these soils have very good drainage (Table 12).
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Properties of selected cashew soils in Konkan Maharashtra

Cashew is grown mostly in Sindhudurg and Ratnagiri districts of South Konkan
Cashew is also grown in Raigad and Thane districts in patches. Besides, there are

reports on cashew in adjoining the Western Ghats in Nasik and Kolhapur districts.

In Sindhudurg district, the soils are clay loam to clay with pH ranging from 5.1—
6.3. Clay cation exchange capacity (CEC) values indicate mixed to smectitic clay
mineralogical class. Ca:Mg ratio is relatively high and at places exchangeable
sodium percentage (ESP) values are also high. High ESP is not good for cashew.
Saturated hydraulic conductivity values indicate good drainage conditions of
these soils (Table 13). Ratnagiri district grows cashew in Inceptisols (Nandaon,
Khed and Amboli) and Alfisols (Gavalwadi). These are clay loam to clay soils
with high organic carbon (except Gavalwadi), non-calcareous, non-saline and
non-sodic (Table 14).
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In Raigad, four representative soils were identified which grow cashew. These
are clay soils with high clay cation exchange capacity (CEC), base saturation
(BS%) and Ca: Mg ratio. These are well drained soils, acidic, non-calcareous,
non-saline and non-sodic (Table 15). In Thane and Palghar, three representative
cashew growing soils were identified. Dahisar soils are shallow, but shows more
than 50 cm depth with highly weathered basalts {Table 16). Our earlier experience
with the composition of highly weathered basalt shows that these are zeolitised
with high base saturation and can help in supplying necessary nutrients to trees
(Bhattacharyya et al. 1993, 1999 and 2018). Other two soils viz. Thane and Haloli
are moderate, deep to moderately deep, high saturation (BS%) and organic carbon.

These soils are also acidic, non-saline, non-sodic and well drained.
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In Nasik and Kolhapur districts of Maharashtra, four representative cashew
growing soils were identified (Table 17). These are clay soils, non- calcareous,
non-saline , non-sodic and well drained . These soils are very rich in organic
matter and bases (BS%). Virar soils are shallow, but strike weathered basalts

below the depth of 30 cm which might be a good substrate for cashew.
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Properties of selected cashew soils in other parts of the world
Properties of cashew growing soils in African countries

Representative cashew growing soils in Africa are sandy (sand percentage 80-
90). Eight soils described by Hartemink and Huting (2005) shows that these
are moderately acidic in nature with poor organic matter content and low cation
exchange capacity (CEC). (Table 18).

Table 18 : Selected properties of cashew-growing soils in African countries.
(Source: Hartemink and Huting 2005)

Depth | Sand Silt Clay |[pHSoil | Bulk | Organic | Total N | Exch. | CEC | Clay Base | ESP
{em) [(2.0-0.05( (0.05- | (<0.002 [ : water | density C gkg! Na CEC | saturation
mm)% | 0002 | mm) | (1:225) [ Mgm- | gke' NH,0Ac
mm) % % emol (+)/kg soil %
Angola Series
0-10 93 2 5 58 - 6.2 0.4 0.03 34 68 40 [
1020 93 2 5 57 - 44 0.33 0.06 29 58 35 2
2030 93 | 6 57 - 3l 0.24 0.03 S 42 32 2
Botswana Series
0-10 94 3 3 6.6 1.65 29 - 0.03 33 110 80 |
10-20 94 3 3 6.6 1.65 28 - 0.06 32 107 79 2
20:30 | 9 4 4 6.6 1.67 22 - 0.06 31 7 73 2
Kenya Series
0-10 87 7 6 69 141 31 0.21 023 38 63 91 6
1020 80 14 6 63 141 213 0.15 0.22 36 60 84 6
20-30 [ 86 8 6 6.8 142 117 0.0 033 33 55 92 10
Mozambigque Series
0-10 89 ) 6 6 147 70 0.67 0.08 41 68 86 2
1020 [ 89 5 6 59 147 59 051 0.08 38 63 7 2
20-30 [ 90 4 6 6 145 4.1 0.36 0.11 38 63 63 3
Nambia Seties
0-10 94 3 3 79 - 26 0.25 0.05 1.5 50 100 3
1020 94 3 3 79 - 25 0.22 0.03 1.5 50 100 2
2030 93 3 4 75 - 17 0.08 0.03 16 40 100 2
Tanzania Series
0-10 38 6 6 54 - 92 0.60 011 57 95 25 2
1020 88 5 7 54 - 8.88 060 | 0O.l6 52 74 17 3
2030 [ 88 6 6 53 - 8.11 050 [ 015 50 83 14 3
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South Africa Serigs
0-10 9 4 5 71 - 33 - 0.15 30 60 80 3
10201 91 4 5 71 - 313 - 0.15 30 60 80 3
20300 % 5 5 68 - 287 - 0.15 29 38 9% 3
Zimbabwe Seties
0-10 93 3 4 52 - 36 - 0.09 1.7 43 80 3
1020 92 4 4 52 - 22 - 0.08 1.5 38 80 3
2030 N3 2 § 48 - 32 - 0.04 14 R 100 3

Cashew growing soils in Vietnam

The cashew growing soils in Vietnam are acidic, and poor in nitrogen and organic
carbon. Cation exchange capacity (CEC) is low suggesting the requirement of

more external fertilizer application (Vinh 2005) (Table 19).

Table 19 : Selected properties of cashew-growing soils in Vietnam. (Source: Vinh 2005)

Depth | pH Soil: |Org. C| N | PO, | KO | PO, | K,O | Ca® | Mg® | CEC

(cm) water - )
(1:2.5) % mg 100g™! cmol (+)/kg

soil

White dry Sandy Bae Binh Soil (Southern Central Vietnam)

0-18 4.67 0.398 | 0.020 | 0.007 |0.018] 0.470 | 1.51 | 0.10 | 1.80 | 2.00

18-30 4.60 0.402 | 0.200 | 0.017 | 0.018] 0.520 | 1.12 | 0.74 | 0.58 | 2.03

30-50 4.60 0.387 1 0.016 | 0.011 | 0.019] 0.460 | 1.21 | 1.04 | 0.83 -

50-100 | 4.82 0.293 | 0.028 | 0.007 | 0.024| 0.890 | 1.51 | 1.04 | 0.83 -

Red dry Sandy Hong Phong Soil (Southern Central Vietnam)

0-15 5.62 0.717 | 0.062 | 0.015 | 0.036| 1.39 | 452 | 1.35| 0.82 -

15-45 5.04 0.294 | 0.390 | 0.014 | 0.030| 0.64 | L.51 | 1.35| 0.67 -

>45 4.98 0.220 | 0.032] 0.011 | 0.031| 0.53 | 1.23 | 0.82 | 0.52 -

White Grey Sandy Binh Tanh Soil (Southern Central Vietnam)

0-15 4.95 0.468 | 0.054 | 0.012 | 0.012] 0.530 | L.51 | 0.10 | 1.80 | 2.00

15-30 4.52 0.389 | 0.036 | 0.007 |10.012]| 0.320 | 1.12 | 0.74 [ 0.58 | 2.03

30-55 4.25 0.300 | 0.027 | 0.006 |0.012] 0.270 | 1.21 | 1.04 | 0.83 -
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Cashew growing soils in Australia

A survey report of Queensland, Australia provides detail soil information in
cashew-growing areas (Table 20). Most of these soils are sandy and belong to
Inceptisols. The Alfisols have more clay and are also used for cashew cultivation.
These are acidic soils with low cation exchange capacity (CEC). As compared to
soils of Konkan, calcium: magnesium ratio is less. Saturated hydraulic conductivity
(sHC) show good drainage condition of these soils. Interestingly poorly drained
Tropaquepts (Soil Survey Staff 2014) and a few other soils drainage reported
(Belekar and Laut 1987) requires revisit.

Table 20 : Selected properties of cashew-growing soils in Australia.
(Source: Belekar and Laut 1987)

Depth S|Si|C|OC| pH | pH Exchangeable cations CEC | Clay | Basesamration | Ca: | ESP [sHC
Y% % | % | % |waer|KC NH,0Ac | CEC % Mg mm
HIRIRIE NH, 04 g
cmel {+)ke soil
Well drained brovwnish sands. Haplustepts {Ta)
Top soil T8 127 ] 57 [ 53209 L00[017]016]| 406 Wi 87 27 42 | 48
Sub soil S0 [ 6| 14]060 | 56 [49[079)047]0.09] 006 2.01 14 70 168 | 45 48
Deepsubsoil | 82| 5 | 13 | 044 | 5.8 | 52| 094050009 006 234 18 68 188 | 38 | 46
Tmperfectly drained brownish grey sands, Haplustepts (Ib)
Top soil 91| 4 [ 5|06l 52 | 48]032(022(013]0403 1.21 24 58 145 | 108 34
Sub soil 905 503 |53 5 |019]018]|00L]003] 084 7 6l 106 | 132 | 32
Deepsubsoil | 89| 2 | 9 [ 034 | 53 | 51004063 010003 141 16 64 0221 71 51
Poorly drained grey sands, Tropaquepts (Ic)
Top soil 39|15 7087 53 [52]087[050)0.13]0.08 219 31 7 174 59 53
Sub soil 921 2| 6| 024 55 |35]019]011]006]003]| 068 1 37 173 ] 88 | 51
Deepsubsoil |98 | 2| 0 [ 004 | 5.6 | 55006005003 (001 0.25 - 60 120 ] 120 49
Poorly drained grey sands, Tropaquepts ([c)
Top soil 80 (5| 7 (087 | 53 [52]087[050[013]008] 219 3l 7 174 59 | 53
Sub soil 9026|024 55 |55]0109 (011 |006]003 0.68 11 57 173 88 51
Deepsubsoil | 98| 2| 0 [ 0.04 | 5.6 | 55| 006]005]003]|000| 025 - 60 120 120 | 49
Bleached sands with cemented hard pans, Troporthods (ITa)
Top soil 93| 2| 5| 064 | 48 | 44]006]015]011]003]| L3 3 3l 040 | 97 | 58
Sub soil 028 ]05] 5 S11003]006]008] 002 0.59 7 32 050 | 135 55
Deepsubsoil | 87 | 1| 12 038 [ 5.2 | 51| 007031012012 083 7 73 023 | 145 | 52
Well drained brownish loawms, Ustropepts ([Ta)
Top seil 6411323159 353 30210 1451019 0.19 4.80 21 §2 146 | 40 51
Sub soil 4811834 LI | 53 [45 (L4l |L20( 006|012 425 13 68 LI | 3. 50
Deepsubsoil | 65 | 11| 24 [ 054 | 55 | 49| 182 | 115 | 016 | 0.05 4.08 17 78 158 | 39 19
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Impertectly drained brownish loams, Ustropepts {Ilc)

Top soil 9| 8| 143 53 [47|LIO[073[022]016]| 307 17 7 L5t 72 | 52
Sub soil AL 719078 55 [44[089)034]026] 006 298 16 52 262 | 87 31
Deepsubsoil | 90| 1| 9 [ 038 | 58 | 49 |054]033]|018]002] 139 15 7 164 | 130 | 46
Well drained, medium over fing textured, Haplustalfs ([Va)
Top soil 9016|2517 [ 6 | 333380029013 9.63 39 99 140 | 30 12
Sub soil T70 6| 17]042| 64 [ 54| 135[193[020]003] 367 2 9 070 | 57 | 36
Deepsubsoil [ 97| 1| 2 [ 02 [ 64 [ 62030034007 001 0.76 38 95 088 | 92 38
Impertectly drained. medium aver fine textured . Haplustalfs (TVb)
Top seil TOM[ 19 133 | 54 |47 | 1413304 | 021 457 A 77 131 ] 53 50
Sub soil T20 9| 19] 064 | 55 [ 45| 159[156]025]007| 463 % 75 102 | 54 | 48
Deepsubsoil [ 67 | 10|23 [ 037 [ 58 [ 49| 125 | 157|049 | 0.06 438 19 77 080 | 112 4
Poorly drained, medium over fine textured, Tropaqualfs (TVc)
Topsoll | 74 [ UL 15| 128 | 54 [49 [ L19[090 027|014 | 291 19 86 132 93 | 50
Sub soil 63 |13 24 052 54 | 43037 1370274007 301 13 69 0271 9.0 48
Deepsubsoil | 54 | 1|35 | 04 | 56 |49 |023 ]340 056|008 | 480 14 39 007 | W7 | 44
Well drained. coarse over medium textured . Haplustalfs (IVd)
Topsoill |75 8 [ 17] 09 | 33 |46 (040|064 [0.18[009| 215 13 6l 063 | 84 | 50
Sub soil 7617 (171024 | 55 | 46|014[061 0084006 1.62 10 35 023 | 49 47
Deepsubsoil | 64 | 10 [ 26 [ 032 | 55 [43 [ 017 | 153|019 |01l | 333 13 60 0L | 57 | 46
Poorly drained, coarse over medium textured . Tropagualfs (TVe)
Top soil T4 16 [ 10 ] 065 | 53 | 51035043 (018 | 0.06 1.21 12 84 0.81 | 148 19
Subsoil | 66| 15| 19 | 034 | 5.9 | 53024 | 159022009 22 12 97 05 | 100 ] &2
Well drained. with thick dark topsoil, Argtustolls {Va)
Topsoil |93 2| 3 | 092 33 [45[153[09L (016|014 375 75 7 16§ | 43 53
Sub soil S3| 8 (3906 | 55 | 48150 (0890174005 343 9 76 169 | 30 47
Deepsubsoil | 73 | 8 [ 19 034 | 39 [47 | 122088029003 272 14 89 139 | 107 | 44
Imperfectly drained with bleached A2 horizons, Paleustalfs (Vb)
Topsoll |80 | 8 [ 12]063 | 52 |48 [035[026[022[004]| L2 10 n 135 | 182 | 33
Subsoil |83 7| 10| 02 | 53 |55|015]020)010]002] 0.69 7 68 075 | 145 | st
Deepsubsoil [ 51120029 | 04 | 55 | 54036 |483 231|014 172 27 99 0.07 | 299 16
Tmperfectly drained without bleached A2 horizons, Haplustalts (Ve)
Top soil 60 | 1525 08 | 49 | 43077 (058 1.00| 008 392 16 02 133 ] 255 36
Subsoil | 65| 12|23 [ 039 | 51 | 46| 042044002004 | 167 7 6l 095 72 | 33
Deepsubsoil | 68 | 8 | 24 [ 037 | 54 | 49 | 027084012008 | 177 7 74 032 68 | 48
Poorly drained with bleached A2 horizons, Albaqualfs (Vd)
Topsoil |92 3| 5 [036 | 51 |51 |017]017])015]003| 084 7 62 100 | 179 | 35
Sub soil 89 [ 4 71031 53 [53[006)014]009]004 0.0 9 55 043 | 150 Sl
Deepsubsoil | 69| 6 [ 25 [ 032 34 | 5 [023| 133024008 244 10 7 017 98 | 48

S: Sand (2-0.05 mm);

mm)% of whole soils:

Si: Silt (0.05-0.002 mm); C:Clay(<0.002 mm); CF: Coarse Fragments (>
WR: Water retention;
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CARBON SEQUESTRATION IN CASHEW SOILS

Carbon sequestration is the process by which carbon dioxide (CO,) from the
atmosphere is absorbed by trees, plants and crops through photosynthesis and
stored as carbon in biomass such as tree trunks, branches, foliage, roots and soils
(EPA 2010). Carbon sequestration rates depend on tree species, soil type, regional
climate, and topography and management practice (EPA, 2010). Pine plantations
of 90 years in the south-east of USA can accumulate 2.5Mg ha™! of carbon per year.
Changes in forest management result in less carbon sequestration per unit area.
Changes in cropping practices, such as from conventional to conservation tillage,
have been reported to sequester carbon ~ 0.1-0.3 t acre-'year!. The above ground
carbon sequestered by the mango plantation was 3.6 t ha™ and it is expected to
increase with increasing height and diameter at breast height. Moreover, the soil
carbon sequestered by the plantation was ~29 t ha'and is also expected to increase
with time as high litter fall and decomposition of the leaves may contribute to
high organic carbon. Since there was no significant difference in nutrients added
by cashew plantation compared to the adjacent land use, the plantation still
serves to protect the soils against the agents of erosion namely wind and rainfall.
More communities should be encouraged and assisted by the government and
NGOs to adopt the use of cashew in establishing plantations and in agro-forestry

programmes as they have both economic as well as environmental values.
India, Maharashtra, Konkan

Carbon stock in Konkan soils was estimated as 0.185, 0.150, 0.075 and 0.039
Pg in 0-30, 0-50, 0-100 and 0-150 cm depth of soils. Konkan represents the
coastal eco-system with average rainfall of 3,000 to 4,500 mm. It is generally
understood that under high rainfall region, pedogenic calcium carbonate is not
found in soils as for which inorganic carbon sequestration in Konkan soils should
be rare. However, there are repotts of inorganic carbon in some soils of Konkan
as evidenced by the value of SIC stock of 0.048, 0.080, 0.068 and 0.068 Pg in
0-30, 0-50, 0-100 and 0-150 cm depth of soils (Bhattacharyya et al. 2018). It was
reported earlier that the threshold limit of SOC stock of 0.05 — 0.06 Pg million

Advances in Cashew Production Technology | 2158

R 44
4 &
o €9



ha' (1 Pgis 10 ' g) should be considered as the threshold limit carrying the
signature of green belt as was reported in soils of North-East as well as Konkan
(Bhattacharyya et al. 2013, 2015). Roughly the cashew orchards occupy 1.8 lakh
hectares in Konkan; assuming 1.0% SOC as an average limit in 0-30 cm depth
of the soils where cashew is grown, the SOC stock is estimated as 0.0252 Pg,.
This makes the SOC stock 0.14 Pg million ha™'. This is significant since it shows
that the cashew orchards in Konkan are maintaining the soil health in terms of
sequestering appreciably high SOC stock and should therefore be the sustainable
enterprise not only from profit point of view, but also from the point of maintaining

ecological balance of the otherwise fragile coastal eco-systems of Konkan.

With the available data on the soils of Kerala and Maharashtra, it appears that
threshold limit of SOC stock (Pg million ha') is well above the limit earlier
reported for the soils of north east as well as Konkan to maintain the green belt of

coastal ecosystem (Bhattacharyya et al. 2013, 2015) (Figure 2 & 3).

Carbon sequestration threshold in soils of Kerala
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, 11 f1f1f 11 111 1111

Pathanamthitta district  Kollam district Kottayam districErnakulam districtPalakkad district

Fig. 2 : Cashew sequestration threshold in soils of Kerala (Horizontal thick
line shows the minimum threshold limit of 0.05 Pg Million ha™"). (Y axis is soil
organic carbon threshold limit in 0.05 Pg Million ha™").
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Carbon sequestration threshold in soils of
Maharashtra
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Fig. 3 : Cashew sequestration threshold in soils of Kerala. (Horizontal thick
line shows the minimum threshold limit of 0.05 Pg Million ha™). (Y axis is soil
organic carbon threshold limit in 0.05 Pg Million ha™').

GENERAL DISCUSSION

It is reported by the horticulturist that the cashew tree root is concentrated in
0.20% although the tap root system might go deep down the soils. These
adventitious roots are the lifeline for the cashew trees since these roots absorb
most of the moisture from these soils as well as nutrients. Logically therefore,
the distribution of clay in the subsurface has a role to play in cashew tree
orchards. The clay of soils were studied in Ratnagiri, Sindhudurg, Raigad, Thane
and Palghar and in most of the cases with few exceptions, the clay distribution
gradually increased down the soil depth. Similar observation is also made in the
soils of Kerala (Figure 4 & 5). While studying the soil genesis in Maharashtra
with special reference to the Western Ghats (Bhattacharyya et al. 1993, 1999,
2006 & 2018) and in Kerala (Chandran et al. 2004), it was observed that these
soils contain minerals in clay fraction which reserves more moisture. It therefore

appears that the soil clays within first 50 ¢m depth in Kerala, Maharashtra and
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Goa can hold sufficient moisture in first 50 cm depth of soil profiles (Table 21).
The concept of available water capacity (AWC) percentage has been described by
a few authors as an imperfect soil parameter for soil-site suitability of horticulture
crops or deep-rooted crops. Reports indicate that plant available water capacity
(PAWC) is a better quality parameter to adjudge soil suitability for deep-rooted
agricultural crops (Deshmukh et al. 2014). Accordingly, PAWC in cashew
soils in Kerala, Maharashtra and Goa was estimated (Figure 6, 7 & 8). Figure
6 shows that the PAWC values are relatively more in soils of Maharashtra that
in soils of Kerala. Earlier studies indicate that the Kerala soils have mixed clay
mineralogy as compare to the smectitic mineralogy in the soils of Maharashtra. Tt
seems therefore that the plant available water capacity for cashew even in stress
condition will be more in soils of Maharashtra than in the soils of Kerala. It might
influence the quality as well as quantity of nuts. It appears appropriate that a study
of organoleptic parameters of consumable cashewnut in different states may be

compared keeping in view all the values of PAWC.

Clay distribution in Cashew soils in Ratnagiri , Maharashtra
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Clay distribution in Cashew soils in Sindhudurg , Maharashtra
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Clay distribution in Cashew soils in Raigad, Thane and Palghar , Maharashtra
10 15 20 25 30 35 40 45 50 55 60
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Clay distribution in Cashew soils in Nasik and Kolhapur, Maharashtra
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Fig. 4 : Clay distribution in cashew soils in Maharashtra.
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Clay distribution in Cashew solls in Kollam, Kerala
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Clay distribution in Cashew soils in Palakkad and Kozhikkode, Kerala
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Fig. 5 : Clay distribution in cashew soils in Kerala.

Table 21 : Available water capacity (%) of soils at different depths (cm).

Soils | 0-30 [ 30-50 | 50-75 | 75-100 | 0-50 | 0-75
Pathanamthitta district
Anakkattur 9.4 134 14.9 16.7 11.0 12.3
Vallikkod 10.6 12.2 13.1 13.5 11.3 11.8
[ttiyappara 12.6 14.8 153 15.0 13.5 14.1
Kottangal 8.5 10.3 12.3 9.6 9.2 10.2
Kollam district

Kunnatur 8.6 12.2 14.1 14.2 10.0 11.4
Mailam 12.5 13.3 11.8 12.6 12.8 12.6
Thrikkannamangal

Anayadi 10.2 12.7 16.1 13.5 11.2 11.9
Kurathikkad 11.0 13.1 13.1 14.6 11.8 12.3

Kottayam district
Angel valley 12.9 14.2 11.0 13.7 13.4 13.5
Chelikkuzhi 1.1 1.7 9.5 13.1 11.4 11.5
Thiruvanchoor 159 | 17.7 18.0 16.4 16.6 17.8
Ernakulam district
Arur 14.7 15.1 12.2 15.7 14.9 13.0
Cheruvalli 13.4 14.5 15.3 15.7 13.8 14.3
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Ezhallur | 33 ] 14| 144 | 150 | 136 | 139
Palakkad district

Kairadi 9.7 12.7 13.3 13.0 10.9 11.7

Kalladikkod 9.9 11.4 11.4 11.4 10.5 10.8

Kinalur 1.6 | 11.6 11.4 11.6 11.6 11.6

Perambra 10.1 11.2 11.3 11.2 10.5 10.8

Sindhudurg district

Vengurla 16.2 | 18.0 19.6 19.3 17.0 17.8

Malvan 8.9 12.6 11.2 11.2 10.4 10.6

Ajra 122 | 13.0 134 13.5 12.5 12.8

Verla 9.0 9.9 9.9 9.9 94 9.5

Shrirange 12.8 | 12.5 12.5 12.5 12.7 12.6
Ratnagiri district

Nadgaon 155 | 164 16.4 15.8

Gavalwadi 1.7 | 11.7 11.2 11.2 11.7 12.0

Khed

Amboli 127 | 1.2 11.2 11.2 12.1 11.8
Raigad district

Man 7.8 9.0 9.8 9.8 8.3 8.8

Mahad 134 | 9.8 9.0 9.0 12.0 11.0

Sakhar

Mangaon 136 | 134 14.3 14.3 13.6 13.8

Thane and Palghar districts

Thane 149 | 152 15.3 15.3 15.0 10.8

Dahisar 163 | 163 16.3 16.3 16.3 16.3

Haloli 147 | 15.8 l6.1 16.1 15.2 15.5

Nashik and Kelhapur districts

Virar 163 | 16.7 16.7 16.7 16.5 16.5

Chandgad 154 | 16.3 16.7 17.2 15.8 16.1

Wadkudi 12.5 | 13.2 13.2 12.8 12.8 12.9

Parpoli 17.5 | 17.8 18.0 18.1 14.2 17.8
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While comparing the base saturation (sum of cations such as calcium, magnesium,
potassium and sodium), we find cashew growing soils in Maharashtra are
appreciably high in bases as compared to Goa and Kerala soils indicating more
nutrient holding capacity of the soils of Maharashtra. This might also be one of the
factors contributing better cashewnut quality in and around Maharashtra (Figure
9). Comparison of soil reaction [pH (water)], we find relatively high soil pH in
Maharashtra as compared to soils of Kerala and Goa. As reported earlier regarding
the presence of Ca-rich zeolites in the soils of Konkan (Bhattacharyya et al. 2018)
and soils of the Western Ghats (Bhattacharyya et al. 1999), maintenance of high
bases even in high rainfall {(mean annual rainfall nearly 3500 mm) does not permit
these Alfisols to reach the stage of Ultisols (Chandran et al. 2004; Bhattacharyya et
al. 1999). It suggests that better quality of soil with relatively high base saturation
as well as soil pH in the soils of Maharashtra permit maintenance of soil quality.
This indirectly shows that presence of Ca-rich zeolites might be reducing soil

nutrient requirements to benefit cashew farmers in Maharashtra (Figure 10).
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Fig. 9 : Base saturation in soils: a comparison in different states (Horizontal
thick lines indicate minimum values of base saturation in three states).
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Fig. 10 : Soil reaction in cashew-growing soils : a comparison (Horizontal
thick lines indicate minimum values of soil reaction , pH in three states).
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A comparison of delta pH (difference between KCI pH and water pH) in cashew
growing soils of Kerala and Maharashtra showed that former seils have low
delta pH (Figure 11). This shows that KCI pH difference with water pH is less
suggesting low residual acidity in seils of Kerala. This information might be useful
in suggesting quality of cashewnut grown in soils of two different geographical

locations of Kerala and Maharashtra. (Figure L1).

Delta pH (wate_r)o! cahew-growingsoils, Kerala Delta pH (water) of cahew-growing soils ,
& Maharashtra
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Fig. 11 : Delta pH of soils: A comparison (Horizontal thick lines indicate
minimum values of delta pH in three states)

CONCLUSION

Although soils are considered important for growing crops and perennial trees,
unfortunately management of these precious resources and their information to
link quality of crops and fruits has been ignored. The present article is focused
to document different information available in world literature on cashew soils
which might be useful for soil scientists as well as horticulturist and plantation

scientists in India and elsewhere.
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