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Abstract: Four watersheds were selected in ‘Kandi’ region adjoining the Zonal Research
Station for dry land (PAU) in Shaheed Bhagat Singh Nagar district of Punjab to investigate
the available and total Zn, Cu, Fe and Mn for surface soils and profile and to evaluate
the sustainability of four land use systems each existing under four watersheds. Our results
reported that in surface soils, CS and FS in the BSW (clay 18.60-23.80% and organic carbon
0.16-0.41%), SDKW (clay 8.80-14.70% and organic carbon 0.24-0.38%) and TW (clay 15.9-20.6%
and organic carbon 0.20-0.52%) had significantly higher levels of available and total micronutrients
and were of better soil quality compared with PS and US. The higher levels of micronutrients
in CS were due to addition of fertilizers and farm yard manure whereas, higher levels
of available and total micronutrients in FS were due to the regular addition of organic
matter in the form of leaf litter. The magnitude of micronutrients increased with depth
in profile, which was mainly associated with higher clay content and organic matter. In
all the watersheds except in KW both PS and US exhibited low magnitude of available
Zn, Cu, Fe and Mn with poor soil quality and thus were not sustainable (Sustainability
index <1). Based on soil samples drawn from profiles, the CS and FS in the BSW, SDKW
and TW had higher levels of available and total micronutrients compared with US and
PS. The higher levels of available and total Zn, Cu, Fe and Mn in profile were associated
with higher content of clay and organic.

Key words: Soil quality, soil quality indices, sustainability, watersheds, cultivated, undisturbed,
pasture and forest land use systems, Kandi area.

The submontaneous tract of Punjab and the  result, soil quality and sustainability are rapidly
adjoining undulating piedmont plains in the South  deteriorating.
of Siwalik hills popularly known as the ‘Kandi’ ‘
zone, covers parts of Roop Nagar, Nawanshahar,
Hoshiarpur, Gurdaspur and Patiala districts of the
Punjab state. The total area of this belt is 0.5
million hectares constituting about 10% of the
geographical area of the state. Although this belt
has a distinct advantage of having higher rainfall
than other parts of the state, because of
topographical and lithological constraints, the
irrigation facilities in this zone are very limited
and most of the area is rainfed. As a consequence,
this belt is characterized by existence of very distinct
land use systems. Cultivated (CS), forest (FS),
pasture (PS) and undisturbed (US) land constitute
four major land use systems in the region. This
zone is also subjected to severe water erosion during
rainy season, which causes nutrient losses. As there
does not exist much possibility of increasing

Different land use systems influence availability
of micronutrients by altering their distribution and
including a chariges in their chemical forms by
influencing soil pH organic matter, clay content
and submergence (Doran and Gregorich, 2002).
Hargroveet al. (1982) reported greater accumulation
of Mn and Zn in the surface layers with undisturbed
system (no tillage) compared to conventional
cultivated system. Rattan et al. (1999) in a long-term
experiment on organic soil system and conventional
system under intensive rice-wheat cropping system
reported higher levels of available Zn (6.00 mg
kg1), Cu (2.33 mg kg), Fe (30.70 mg kgl) and
Mn (29.10 mg kg1) in organic system as compared
with amount of Zn (3.90 mg kg1), Cu (142 mg
kg1), Fe (230 mg kg!) and Mn (25.0 mg kg'))
in conventional system and these observations were
supported by Bhardwaj and Omanwar (1994) and

B eduction . the ‘Kandi’' zone, g0 and Badanur (1997). Singh and Tilak (1995)
in different organic systems observed higher

Apart from N, P and K the soils are becoming amounts of available Zn, Mn and Cu (237, 231
deficient in available Zn, Cu, Fe and Mn. As a

pressure on other land use systems is increasing.

and 112.4 mg kg1 respectively) from the system
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prepared with the addition of organic slurry. Katyal
and Sharma (1991) reported available and total
Zn, Cu, Fe and Mn in 57 benchmark soils of
India classified under different soil orders and
it was observed that available Zn declined with
rise in pH, lime content and fall in organic matter
and lime content whereas, the available Cu
increased with increase in OM and clay content.
It has been further reported that total content of
Zn, Cu, Fe and Mn increased with increase in
lime and clay content. Sharma et al. (1992)
investigated profile distribution of available and
total Zn, Cu, Fe and Mn on three physiographic
zones of Punjab and reported that the available
and total content of micronutrients were the highest
in soils of alluvial terraces followed by soils of
interdunal areas and sand dunes. Irrespective of
physiographic zone, the soil did not show any
pattern of depth distribution of available Zn, Cu,
Fe and Mn whereas, the total Zn and Mn showed
accumulation in B-horizon.

A lot of work is done on macronutrient status
of soils, but very little attention is so far paid
to micronutrients in relation to soil quality and
sustainability with particular reference to different
land use systems under different watersheds. A
detailed investigation of the processes leading to
delineation of available and total Zn, Cu, Fe and
Mn can help in finding ways and means to achieve
sustainable high production levels in the region.
Little attention has so far been paid to monitor
the quality of soil under different land use systems
existing in this region. Thus it becomes difficult
to interpret effects of management practices on
available and total Zn, Cu, Fe and Mn status of
surface and profile soils. Keeping in view that
several distinct land use systems exist in the region,
the present investigation was carried out with the
objective to study the effect of different land use
systems on the distribution of available and total
Zn, Cu, Fe and Mn in surface as well as profile
of rainfed soils and to investigate soil quality and
sustainability of different land use systems lying
in the ‘Kandi” area of Punjab.

Materials and Methods

Micronutrient status in different types of land
use systems was studied in Nawanshahar district
of Punjab, India. The study area was located near
Punjab Agricultural University, Zonal Research
Station for Kandi area (Zone-1), Ballowal-
Saunkhari. The selected watersheds were located
at 76°23'42”E and 31°624”N with height of 360
meter above meen sea level. Four watersheds

namely Ballowal Saunkhari Watershed (BSW),
Kular Watershed (KW), Sadh Di Khad Watershed
(SDKW) and Takarala Watershed (TW) were
selected for this investigation. Four land use systems
were identified in each of the four watersheds
selected in the Kandi area were: cultivated land
use system (CS), undisturbed land use system (US),
pasture land use system (PS) and forest land use
system (ES).

The major soils of Kandi area are loamy sand
to sandy loam with low to medium water holding
capacity. The soils are mostly non-saline with pH
varying from 7.5-8.0. Soils are very deep with
no root-restricting layer. Crop lands (CS) are
characterized by addition of chemical fertilizers
and farm yard manure whereas, forest lands (FS)
are characterized by regular addition of organic
matter from leguminous tree species of subabul
(Leucaena leucocephala), kikker (Acacia catechu), kair
(Acacia catechu Wild) and tahli (Dalbergia sissoo)
existing in the watershed. On the otherhand pasture
(PS) and undisturbed (US) lands are characterized
by poor grass stands (except Kular watershed).
Also, these land use systems are located on highly
degraded site of the watersheds where erosion
is ~a severe.  problem. The physico-chemical
properties of different watersheds (BSW, SDKW,
KW and TW) are presented in Table 1. Both the
BSW and TW watersheds had higher clay (18.60
to 23.80 and 15.90 to 20.60%, respectively), higher
organic matter (0.16 to 0.41 and 0.20 to 0.52%,
respectively) and more cation exchange capacity
(11.80 to 15.20 and 9.70 to 13.60 Cmol kg soil,
respectively), with the result these land use systems
are associated with rich concentrations of available
and total Zn, Cu, Fe and Mn. The physico-chemical
properties of CS, PS, US and FS under different
watersheds are given in Table 2. Both CS and
FS in BSW, SDKW and TW and PS and FS in
KW reported higher clay content of organic matter
as these land use systems are located on small
slopes compared with other systems. ,

Soil samples (0-15 cm depth) were collected
from each spot. 10 to 15 randomly selected soil
samples were taken under each land use system
in each watershed. Profile samples were also
collected from one spot in each land use system.
These surface as well as profile samples were
analyzed for available Zn, Cu, Fe and Mn content
as described by Lindsay and Norvell (1978)
whereas, the total content of Zn, Cu, Fe and Mn
was determined with the method described by
Page et al. (1982).
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To assess the soil quality and sustainability
of the selected land use systems contents of available
Zn, Cu, Fe and Mn were used. The absolute values
of each soil quality parameters were converted
into the indicator values (Gomez et al., 1996). The
indicator value of each soil quality parameter for
particular land wuse system indicated their
individual contribution of particular soil attribute
towards the sustainability of particular land use
system. Then an average value of all the soil quality
parameters was calculated individually for Zn, Cu,
Fe and Mn parameters by taking an" arithmetic
average of all parameters in each land use system.
Each value was individually divided by average
value. A higher magnitude after division indicated
an important role played by particular soil quality
parameter in enhancing the sustainability of land
use system. A value of one or more than one
of these averages represents a positive contribution
towards sustainability of land use system. Whereas,
an average value less than one indicates its role
in reducing the sustainability of a particular land
use system.

Results and Discussion

Surface and profile distribution of available
Zn, Cu, Fe and Mn

The surface distribution of Zn, Cu, Fe and Mn
is affected by many factors like clay and organic
matter content in different land use systems. The
data presented in Table 3 clearly evinced that in
BSW significantly higher levels of available Zn,
Cu, Fe and Mn were observed in FS and CS as
compared to in PS and US. In the FS organic
carbon was significantly correlated with available
Zn (0.47**), available Fe (0.66**) and available Mn
(0.67**), respectively. In KW significant coefficients
of correlation between available Zn and OC (0.37%)
and available Mn and OC (0.57**) were observed
in PS. In fact, in KW these land use systems existed
on highly eroded and degraded site of the watershed.
The results pertaining to available Zn, Cu, Fe and
Mn showed that FS and PS possess better soil
quality compared to CS and US. In SDKW significant
coefficients of correlation of organic carbon were
observed with available Zn (0.48**), available Mn
(0.67**) and available Fe (0.66**) in S, respectively.
The results pertaining to available micronutrients
revealed that soils in FS and CS were better and
more sustainable, whereas, soils in PS and US were
less sustainable. In TW Significant coefficients of
correlation of organic carbon with available Zn
(0.47**), available Fe (0.66**) and available Mn

(0.62**) were observed in FS. The various results
regarding trend of available Zn, Cu, Fe and Mn
distribution in surface soils of different land use
systems was reported. BSW: CS > FS >.PS > US,
KWVERPSE>AESE>TSE > HES, SDKW: @S >ES >
US > PS and TW: CS > FS > US > FS. The results
related to available micronutrient status revealed
that soils in FS and CS were of better quality
as compared to other two land use systems (US
and PS). These results are in agreement with those
obtained by Franzluebbers and Hons (1996), Reeves
(1997), Bellaki and Badanur (1997), and Rattan et
al. (1999).

The profiles of four land use systems in different
watersheds did not show any regular trend with
respect to distribution of available micronutrients.
In BSW, C3 depth in CS (68-100 cm), US (75-100
cm) and FS (51-73 cm) and Cs depth in PS (90-112
cm) and FS (90-112 cm) possessed higher levels
of available micronutrients (Table 4) whereas, in
KW, C3 depth in CS (68-95 cm), US (51-75 ¢m)
and FS (38-61 ¢cm) and Cs depth in CS (117-136
cm) and FS (79-104 cm) possess higher levels of
available micronutrients (Table 5). In SDKW C4
depth in CS (112-135 c¢cm) and PS (82-108 cm),
Cs4 depth in US (45-69 cm) and PS (82-108 cm)
and CS (112-135 cm) possessed higher levels of
available micronutrients (Table 6). On the other
hand, in TW, C4 depth in CS (64-93 cm) and ES
(102-119 c¢m), C3 depth in US (89-98 ecm) and PS
(48-78 cm) possessed higher levels of available
micronutrients (Table 7). These higher levels of
available Zn, Cu, Fe and Mn in profiles of different
land use systems were associated with higher
content of clay and organic matter (Table 2). The
CS and FS in BSW have higher levels micronutrients
followed by PS and US. In KW lower levels of
available Zn, Cu, Fe and Mn were reported because
CS is practiced on relatively sandy texture soils
located on terrace land, which is under severe
water erosion. Both US and ES in SDKW showed
low values of micronutrients due to undulating
topographical constraints and poor management.
Both FS and US in TW have their existence on
leveled lands whereas, the other two systems were
located on undulating topography. These higher
levels of available Zn, Cu, Fe and Mn in BSW,
KW, and TW were associated with higher level
of clay content and regular addition organic matter
(Table 1). These observations are similar to those
reported by Carter and Rennie (1982), Sharma et
al. .(1992), Reganold and Palmer (1995), Sharma
et al. (1999), Stockfisch et al. (1999) and Sawhney
et al. (2000).
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Surface and profile distribution of total Zn,
Cu, Fe and Mn

In BSW the effect of different land use systems
on total Zn, Cu, Fe and Mn content and their
distribution in surface soils evinced that in this
watershed significantly higher levels of total Zn,
Cu, Fe and Mn were observed in FS and CS as
compared to those in PS and US {(Table 3). The
total micronutrient content in FS and CS was
correlated with clay content and organic carbon.
On the basis of total micronutrient content of soils,
it is observed that soils in FS and CS had higher
content compared with PS and US and soil are
of better quality and these results are supported
by Bellaki and Badanur (1997), Rattan et al. (1999),
Carter and Rennie (1982), Sharma et al. (1992),
Reganold and Palmer (1995), Sharma et al. (1999),
Stockfisch et al. (1999) and Sawhney et al. (2000).
In KW the total content of Zn, Cu, Fe and Mn
and their distribution in surface soils showed that
both FS and PS had significantly higher levels
of total Zn, Cu, Fe and Mn compared with CS
and US. In this watershed both CS and US had
lower levels of total Zn, Cu, Fe and Mn, which
is attributed to their existence (Table 3) in KW
on highly eroded and degraded site of the
watershed. The higher content of total Zn, Cu,
Fe and Mn in FS and PS were associated with
clay and organic mater and these results were
supported by Reeves (1997), Bellaki and Badanur
(1997) and Rattan et al. (1999). In SDKW the total
Zn, Cu, Fe and Mn content in surface and (0-15
cm) layer revealed that FS and CS in this watershed
possessed significantly higher levels of total Zn,
Cu, Fe and, Mn compared with PS and US. Both
PS and US have lower levels of total micronutrients
because, these land use systems existed on highly
eroded and degraded site of the watershed. Similar

observations were reported by Franzluebbers and
Hons (1996) and Rattan et al. (1999). In TW the
effect of different land use systems on total Zn,
Cu Fe and Mn content and their distribution in
surface soils revealed that both FS and CS in this
watershed possessed significantly higher levels of
total Zn, Cu, Fe and Mn (Table 3) compared with
PS and US. The micronutrient status of PS and
US was low because of their existence on highly
eroded and degraded site of the watershed. These
observations were similar to that reported by Bellaki
ard Badanur (1997) and Rattan et al. (1999). The
overall trend of total micronutrients in surface
soils of different land use systems under four
watersheds showed similar trend for profiles as
reported. BSW: CS > FS > PS > US, KW: PS >
ES > US > CS, SDKW: €S> ES = "lJS*>PS and
TW: @55 > BSF > 1S SHES:

In profiles of different land use systems in
BSW the content of total micronutrients increased
with depth in some layers, but it did not show
any regular distribution. The data showed that
C3 layer in CS (68-100 cm), US (75-100 c¢m) and
FS (51-73 c¢m), C4 layer in CS (100-123 cm), and
Csin PS (90-112 cm) and FS (90-112 cm) possess
the highest levels of total micronutrients at different
depths (Table 4). The total Zn, Cu, Fe and Mn
content in different land use systems in KW (Table
5) revealed that profiles of FS and PS have higher
levels micronutrients followed by CS and CS. In
fact in KW, Cz layer in CS (68-95 cm), US (51-75
cm) and FS (38-61 cm), C4 layer in CS (68-95
cm), PS (90-111) and FS (61-79 cm), and Cs layer
in CS (117-136 cm) and FS (79-104 cm) possessed
higher levels of total micronutrients. The low
content in this watershed is attributed that
cultivation in this watershed is practiced on
relatively sandy texture soils located on terrace

Table 1. Range of basic soil properties of different watersheds in Kandi region of Punjab

Parameter Watershed

BSW (*15) KW (*15) SDKW (*15) TW (*15)
Sand (%) 56.10-64.60 68.90-80.40 65.90-80.10 62.10-68.00
Silt (%) 16.80-20.20 11.60-16.80 11.10-19.40 13.80-20.40
Clay (%) 18.60-23.80 9.10-14.30 8.80-14.70 15.90-20.60
pH (1:2) 7.63-7.86 7.70-8.15 7.78-7.82 7.64-7.95
EC (dS m) 0.14-0.24 0.10-0.22 0.11-0.18 0.19-0.26
Organic carbon (%) 0.16-0.41 0.08-0.26 0.04-0.38 0.20-0.52
CaCO3 (%) 2.15-2.25 1.57-2.15 1.56-2.45 2.15-2.60
CEC (Cmol kg‘l) 11.80-15.20 8.50-8.70 8.20-8.80 9.70-13.60

Ballowal: Saunkhari Watershed, KW: Kular Watershed, SDKW: Sadh Di Khad Watershed: TW: Takarala Watershed,

*Number of surface samples analyzed.
p Y
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Table 2. Range of some basic soil properties in four land use systems

Indicators Land use systems
CS- (*15) S EEIS) B8 G155 ES (*15)
BSW
Sand (%) 55.6-66.8 69.6-70.2 68.9-71.8 56.9-68.9
Silt (%) 16.6-21.6 11.3-12.5 12.5-13.8 16.8-18.9
Clay (%) 19.6-22.8 16.8-18.9 15.8-16.9 19.8-21.6
pH (1:2) 7.65-7.86 7.65-7.72 7.68-7.78 7.65-7.69
EC (dS m™) 0.12-0.24 0.14-0.16 0.15-0.16 0.15-0.16
Organic carbon (%) 0.28-0.45 0.15-0.29 0.16-0.25 0.35-0.46
KW
Sand (%) 56.5-64.6 64.6-68.3 54.6-67.5 55.8-58.9
Silt (%) 16.8-18.7 10.3-13.4 16.8-18.6 15.8-16.7
Clay (%) 18.9-20.6 15.6-18.6 18.9-19.8 18.9-22.5
pH (1:2) 7.50-7.68 7.56-7.72 7.64-7.89 7.64-7.68
EC (dS m™) .016-0.26 0.13-0.15 015-0.18 0.16-0.19
Organic carbon (%) 0.26-0.42 0.15-0.28 0.29-0.44 0.36-0.44
SDKW >
Sand (%) 54.8-55.9 69.9-71.2 68.8-70.2 58.9-59.6
Silt (%) 15.8-18.6 11.5-13.8 12.8-16.8 15.9-16.8
Clay (%) 19.4-21.6 16.8-17.9 15.3-17.6 18.9-21.8
pH (1:2) 7.56-7.62 7.64-7.66 7.65-7.69 7.56-7.65
EC (dS m™) 0.13-0.16 0.15-0.16 0.14-0.19 0.13-0.22
Organic carbon (%) 0.32-0.46 0.16-0.19 0.17-0.25 0.36-0.45
™
Sand (%) 56.8-59.8 68.6-72.8 68.6-70.8 55.9-57.8
Silt (%) 15.6-18.9 12.6-14.8 11.9-149 15.8-16.7
Clay (%) 18.4-19.8 15.9-18.9 14.9-16.8 18.9-19.5
pH (1:2) 7.64-7.68 7.66-7.0 7.65-7.66 7.42-7.58
EC (dS m™) 0.13-0.19 0.16-0.19 0.16-0.19 0.15-0.18
Organic carbon (%) 0.29-0.41 0.12-0.18 0.15-0.19 0.38-0.45

CS- Cultivated land use system, US- Undisturbed land use system, PS- Pasture land use system, FS- Forest

land use system, *Number of soil samples analyzed.

land, which is under severe water erosion. Also
the clay content and organic matter of these soils
is less as compared to BSW and TW (Table 1).
Carter and Rennie (1982), Sparling (1992) Sawhney
et al. (1992), Patriquin et al. (1993), Stockfisch et
al. (1999) and Maddonni et al. (1999) also reported
similar observations. In SDKW, C4 layer in CS
(112-135 cm), C2 layer in US (45-69 cm), C4 layer
in PS (82-108 cm) and C3 layer in FS possessed
higher levels of micronutrients (Table 6). In this
watershed (SKDW), both FS and CS showed edge
of total micronutrients over PS and US as FS and
CS have their existence on leveled lands whereas,
the other two systems are located on undulating
topography. In TW total micronutrients content
is associated with C3 (US and PS), C4 (CS and

FS) and Cs (CS) depths under various land use
systems (Table 7). These higher levels of total Zn,
Cu, Fe and Mn were associated with higher level
of clay content in profile and regular addition
organic matter at the surface (CS and FS). Similar
observations were reported by Carter and Rennie
(1982), Reganold and Palmer (1995), Sharma et
al. (1999), Stockfisch et al. (1999) and Maddonni
et al. (1999).

Sustainability of land use systems

The data presented in Table 8 show that among
micronutrient indicators of soil quality, highest
average index was observed in FS (1.20) compared
with CS (1.19) indicating that these land use systems
are more sustainable with respect to micronutrient
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Table 3. Available and total micronutrient status of four land use systems in four watersheds

Indicators BSW KW
CS s PS FS €S uUs BS FS
Available Zn (mg kg‘l) 0.84 0.58 0.64 0.96 0.62 0.67 0.88 0.86
Available Cu (mg kg'l) 0.58 0.36 0.40 0.56 0.28 0.28 0.52 0.54
Available Fe (mg kg‘l) 9.36 6.56 7.42 9.40 7.42 7.56 9.24 9.64
Available Mn (mg kg'l) 12.96 7.80 8.36 11.80 8.68 8.92 10.24 10.42
Total Zn (mg kg‘l) 89.7 75:3 74.5 82.6 70.6 74.5 92.8 86.4
Total Cu (mg kg'l) 27.6 22.9 R4 26.7 26.5 29.3 25.4 26.4
Total Fe (%) 3.42 2.56 2.64 3.62 242 2:30) 3.28 348
Total Mn (mg kg’l) 695 572 586 684 564 592 685 694

SDKW ™
Available Zn (mg kg'l) 1.20 0.92 0.68 1.12 0.98 0.58 0.48 0.86
Available Cu (mg kg’l) 0.56 0.42 0.34 0.48 0.42 0.38 0.36 0.38
Available Fe (mg kg’l) 9.78 7.96 7.36 8.92 9.42 8.50 7.78 8.42
Available Mn (mg kg'l) 9.46 7.60 7.92 9.10 8.72 8.56 7.98 8.46
Total Zn (mg kg'l) 88.6 72.4 65.4 77.6 78.6 64.7 63.7 80.4
Total Cu (mg kg‘l) 27.8 24.3 22.8 25.8 25.4 18.7 17.8 25.9
Total Fe (%) 3.27 2.96 2.63 342 3.19 239 2.18 312
Total Mn (mg kg‘l) 681 634 548 667 698 536 534 669

CS: Cultivated land use system, US: Undisturbed land use system, PS: Pasture land use system, FS: Forest
land use system *Number of soil samples analysed.

Table 4. Soil quality indicators inprofile underdifferentland use system in Ballowal - Saunkhari Watershed

CS Us
Horizon depth (cm) 0-23 23-40 40-68 68-100 100- - 0-18 18-40 40-75 75-110 110- -
23 134
Horizon designation ARE @l LR CO R CI T Cl - Al 2 Gl @8 R Ea NG -
Available Zn (mg kg™) 068 040 034 036 032 - 054 028 026 040 028 -
Available Cu (mg kg™) QB4 E028 08 024 016" "= 026 0:20= T0:14550:1845 40125 55 =
Available Fe (mg kg™ SIBEE 19708 I RIB6E 780 772 | - = 680 660 762 " 680 566 |-
Available Mn (mg kg) 996 918 736 934 910 - 8:52 i 790 7 8:68:5 792 A V6
Total Zn (mg kg?) 70:8° 72,61 1 540" 96:6= 740 . — 645 426 52.74¢ 60615250 =
Total Cu (mg kg™) 6.8 20,6 186 - 268 242 — 2045 5o TGRSR 01D e =
Total Fe (%) 26298 249 95 D169 n— 1:62 1425 46 T8 G = =
Total Mn (mg kg?) 696 741 652 818 754 - 576 584 662 784 746 -
PS FS
Horizon depth (cm) 0-14 14-38 38-51 51-73 7390 90- 0-14 14-38 38-51 51-73 73-90 90-
112 112
Horizon designation AL S @] @D GRS GATHED Al TSEHC =@ A VE3 T @ IES

Available Zn (mg kg'l) 062 038 034 023 030 034 110 066 059 064 036 045
Available Cu (mg kg'l) 028 1020 0:18 - 10.12 - 10135014 038 020 020 028 013 018

Available Fe (%) 736 692 710 662 642 686 953 646 4838 598 415 581
" Available Mn (mg kg'l) 894 730 7.861 625 690 =768 1196 890 784 798 6.12° 633
Total Zn (mg kg'l) 764500 476" 378 480 542 860 754 924 943 585 663
Total Cu (mg kg'l) 20i6- - 14.8" 10184121 8.7 7104 284" 223 = 326 A0.3°5206 P07
Total Fe (%) 158" 146 - 1.34 1600 147 - 1196 352 ~22:6 - 2.62 - 29655210800

Total Mn (mg kg‘l) 595 656 586 463 567 610 691 700 828 854 750 838
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Table 5. Soil quality indicators in profile underdifferent land use system in Kular Watershed
(@) US
Horizon depth (cm) 0-25 2555 5568 68-95 95-11 117-136 0-15 1528 28-51 51-75 75-116
Horizon designation Al s Gl S SC2ERE3 =G4 @5 S Al CTHe @2 T @30t Ed) sh
Available Zn (mg kg?) 0:60550-38 8 0:323 MU0 22 =10.30" ©0.64. 0:30- - 0.18 027014 ¢ —
Available Cu (mg kg™) 0265 028 SERODORR02 016", 0.30° ~0.18  0.16 - 0:18 10.12° % —
Available Fe (mg kg™) 7:56 ¢ 5.60" 58086805 30 5,64« 6,72 5.86. 446 510 4.80 —
Available Mn (mg kg') 842 7.86 690 436 476 482 892 970 814 1012 610 -
Total Zn (mg kg?) 665 584 725 638 706 684 716 543 862 1042 886 -
Total Cu (mg kg™) 253 140D OSSMB AE186= 1908 == 934« 118.3" 1226 © 286= 2060 =
Total Fe (%) 2305 246 89 62 IDZIND 598 81102103 216 262 276 2.48:5 =
Total Mn (mg kg™) 536+ 625 /A 3MEMAIE RT3 875 . 578 547 < 694 | 726 593 =
PS ES

Horizon depth (cm) 0-8 820 20-50 50-90 90-11 - 0-7 7-23 23-38 38-61 61-79 79-104
Horizon designation AlCE L CLEEEIRES . C - ATl: -Gl C2- @3+ iC aEED
Available Zn (mg kg?) 078 064 048 026 028 = 092 084 064 072 046 034
Available Cu (mg kg™) 048 024 022 018 024 - 064 068 040 038 028 022
Available Fe (mg kg™) 89208 7.36 = 8.52 16.16 . 714 - 948 810 642 745 620 586
Available Mn (mg kg!) 1006 1042 11.16 827 9.82 - 10.18- 11.86 . 10.80  11.3509:32 844
Total Zn (mg kgl) 869 684 406 718 843 - 864 723 76.8 801 70.35052:8
Total Cu (mg kgl) 2316 22 5L 78823 85 247 - 27.37 1895 13:6 17.8:516 5588156
Total Fe (%) 342 2850294 85.76 1381 - 349, :2.84. D05 311033686
Total Mn (mg kg?) 66D 7261867608 1718 T 758 = 693" 151676, 600 | 755725002
availability in BSW. The lowest micronutrient these systems are not sustainable. These

availability index values in the same watershed
in PS (0.78) and US (0.80) indicate these land
use systems are not sustainable as sustainability
index (SI) is less than one (SI <1) whereas, in
KW the highest average index was shown by FS
(1.14) compared with PS (1.11) among chemical
indicators of soil quality. This indicates that these
land use systems are more sustainable with respect
to micronutrient availability. Whereas, the
micronutrient availability index values were lower
in US (0.83) and CS (0.82). On the other hand,
in SDKW, CS showed the highest sustainability
index (1.18) based on indicator of the quality as
well. FS recorded a value of 1.08 amongst different
indicators of soil quality. The data presented in
Table 7 revealed that in TW the highest average
index value based on micronutrient indicators of
soil quality was higher for CS (1.15) followed by
FS (1.05). On the other hand, PS (0.87) and US
(0.96) land use systems showed average index
values less than unity. Similar trend of index values
was observed for second sampling. Index value
>1 recorded for cultivated and FS indicated that
the systems are sustainable in TW. Values less
than 1, as observed in PS and US indicated that

sustainability index values were supported by
Gomez et al. (1996) and Lal (1998).

The overall sustainability indices of land use
systems under different watersheds were also
compared (Table 8). Some of the land use systems
in different watersheds were sustainable (5%)
whereas, others were non-sustainable (NS**). The
data showed that FS (§*) and CS (S§%) were
sustainable in BSW, SDKW and TW, whereas PS
(S*) and FS (S*) were sustainable KW. Other land
use systems were non sustainable (NS*) in the
respective watershed. Similar observations that FS
was more sustainable than CS followed by PS
and US were reported by Lal (1989), Gomez et
al. (1996), Karlen et al. (1997) and Campbell et
al. (1998)

Distinct land use systems exist under different
watersheds in Kandi region of Punjab. CS and
FS in the BSW, SDKW and TW had significantly
higher levels of available and total Zn, Cu, Fe
and Mn compared with PS and US. The higher
levels of Zn, Cu, Fe and Mn in CS were due
to addition of fertilizers and farm yard manure
whereas, higher levels of micronutrients in FS were
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Table 6. Soil quality indicators in profile under different land use system in Sadh Di Khad Watershed

€S Us
Horizon depth (cm) g 016 1641 41-74 7411 11213 0-19 1945 4569 69-99° 09-120120-155
Horizon designation TR s e v Al . CH . € | ETCIRRG e
Available Zn (mg kg?) 114 068 024 028 036 0.96 042/ 10.36 7 {052 05655086
Available Cu (mg kg™) 048 026 020 012 0.12 028 © 022 - 018 10225 L0205 55012
Available Fe (mg kg 986 =714 472 510 684 7:84 710 612 580 510 ¢ ¥572
Available Mn (mg kg!) 930 1064 842 816 89 7.56: - 7.36 =1 7.84° 4307 =438 L5706
Total Zn (mg kg?) 845 626 648 873 984 803 641 1005 845 863 985
Total Cu (mg kg™) 2987 » 204 163 224 318 256.  19.3 3141 22.6. el6d o4 8
Total Fe (%) 348 340 312 346 3388 3.120°0 325 3731 N3N0 5 SR TG
Total Mn (mg kg?) 698 742 756 814 89 685 672 844 736 764 792
PS FS
Horizon depth (cm) 0-23 2344 4456 56-82 82-108 0-10 10-30 30-61 61-76 76-114 114-137
Horizon designation Al C1 © €3 C4 Al C1 €2 3 C4 €5
Available Zn (mg kg?) 072 038 056 042 054 122 084 040 048 034 034
Available Cu (mg kg 084 =022 - 018, 0116 020 048 022" - 024 - .0.31) 01851042
Available Fe (mg kg?) 7.86\:515.60 . -16.14: £5:20 £ 578 9.38 . 8.10 - 612 \ 7.681 166455 5.86
Available Mn (mg kg!) 806 986 1092 760 892 10.16 - 9.80 10.00 1150 9.30 8.86
Total Zn (mg kg'l) 67.31 =765 945 761 7 864 8.5 50:3 7 L7 S B BI6EESHHTH 443
Total Cu (mg kg) 249168 291 6) “U BI85 10.9 26.11 °22.3 1835 S0P HE e 6,55 8105
Total Fe (%) 2:96) 6358 13.74 "= 53.37 - 13,67 3.56 « 2.96 76 ' 374 235 276
" Total Mn (mg kg BbZ 672 7160561510735 675 604 715 826 714 663
Table 7. Soil quality indicators inprofile under different land use system in Takarala Watershed
CS UsS
Horizon depth (cm) 0-14 14-34 3448 48-64 6493 93-115 0-26 26-55 55-89 89-98 98-118
Horizon designation Al C1 @2 C3 C4 G5 Al Cl C2 @3 C4
Available Zn (mg kg) 16072 - 0.58 - 052 -0.46 - 040 060 038 030 038 024
Available Cu (mg kg?) 046 018 018 022 016 018 0.36 "= 0.18: 046" =022 “ =012
Available Fe (mg kg) 9:56/ 5 736 =538 621 543" 1 6.10 8.56 = 1542 B5I8 6565 548
Available Mn (mg kg 860 1060 10.84 796 866 8.95 876 97N 610 S S 68 68D
Total Zn (mg kg?) 7961 545 648 60.3 638 666 725 646 403 444 382
Total Cu (mg kg) 2810 95,3 w222 = 164 i 30,1 12.9 205 :24'6. <1858 0365 =757
Total Fe (%) B25:112.98 .76 - 2425300, . 364 2.38 71246 23052 06018
Total Mn (mg kg?) 7050584 1566 = 5525 =612 = 719 536 68 638 678 588
PS FS
Horizon depth (cm) 0-20 20-36 36-48 48-78 78-10 106-13 020 20-40 40-67 67-10 102-11
Horizon designation Al C1 & C3 C4 @5 Al C1 C2 €3 C4
Available Zn (mg kg?) 048 020 034 028 016 024 092 084 062 068 072
Available Cu (mg kg?) (.88 50245028 5 0085 2016 012 0:36 = 70:301 - -0:18 U H2EH 046
Available Fe (mg kg?) B4 =716 <1642 1580 - 561 649 856 : 572 = 1610F 640 75696
Available Mn (mg kgl) A0 742+ 736 6,82 64l - 6.86 834 . 741 684 772\ 1776
Total Zn (mg kg™ 646 443 403 386 345 389 92.8 ' 65.3: 548 636 703
‘Total Cu (mg kg™ I8I68 5720.5: ¢ F1618¢ 13170 12:8 S 7 2653 < 22.6:+ 185 = 126818
Total Fe (%) s 1727 - 11.65 116351140~ .47 316+ 2985 " 2,08 #1955 88
Total Mn (mg kgl) BBl $B93- 687 764 572 614 684 710 590 628 674
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Table 8. Indicator values of sustainability under different land use systems in four land use systems in four watersheds

Indicators CS US PS FS @S US PS ES
BSW KW
Available zinc (mg kg'l) 109 076 0.84 1.26 0.81 0.88 115 143
Available copper (mg kg'l) 1.26 0.78 0.87 1:22 0.62 0.62 115 1.20
Available iron (mg kg’l) 1.14 0.80 091 115 0.86 0.88 1.08 17212
Available manganese (mg kg'l) 1.27 0.76 0.82 1.16 0.99 0.94 1.08 1.10
Overall indicator value 1.19 0.78 0.86 1.20 0.82 0.83 150 1.14
Sustainability S NS NS S NS NS S S
SDKW ™
Available zinc (mg kg'l) 1.21 0.93 0.69 113 gl 0.78 0.64 1.16
Available copper (mg kg'l) 1.26 0.94 0.76 1.08 1.14 1203 0.97 1.03
Available iron (mg kg’l) 1115 0.94 0.87 1.04 1.10 1.00 0.91 0.99
Available manganese (mg kg’l) 1312 0.90 0.93 1.07 1.04 1.02 0.95 1.01
Overall indicator value 1.18 0.93 0.81 1.08 1515 0.96 0.87 1.05
Sustainability S NS NS S S NS NS S

S- Sustainable, NS- Non-sustainable.

due to the regular addition of organic matter in
the form of leaf litter. In BSW, SDKW and TW,
PS and US exhibited low magnitude of soil quality
indicators and thus were not sustainable. Similarly,
based on soil samples drawn from profiles of CS
and FS in BSW, KW and TW showed higher levels
of Zn, Cu, Fe and Mn compared with US and
PS. Higher levels of soil quality parameters in
profile were associated with higher contents of
clay and organic matter. The magnitude of soil
quality parameters decreased with depth in all
the land use systems falling under different
watersheds. The increases of available and total
Zn, Cu, Fe and Mn in some layers in profile were
associated with clay and organic matter.
Sustainability =~ indices = worked out for
micronutrients indicators, were found to be more
than unity in case of forest and cultivated land
use systems lying under BSW, SDKW and TW,
thereby proving that these systems are sustainable
under soil and climatic conditions of ‘Kandi’ area
of Punjab.
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