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Abstract

The performance of plants can be maximized by N application only if S is adequate and, similarly,
maximum response from S application will occur only if N is sufficient. In this study, the major plant
species present in the pastures were collected; two pastures, Anderwan and Shuhama Pastures, during
two seasons i.e., spring and autumn for their identification; in spring season 31 and in autumn season 32
palatable plant species were collected from both pastures respectively. The detailed Nitrogen, Sulphur
content and N: S ratio of browse and grass species at Shuhama and Goabal (Anderwan) pastures during
spring and autumn season were calculated. The mean of Nitrogen and Sulphur contents during the spring
season in both pastures were more when compared to the mean of Nitrogen and Sulphur contents during
autumn season.
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1. Introduction

Sulphur is an essential element for plants as well as animals. The animal products in diet owe
this to plants, because the animals obtain S from these amino acids present in grasses, fodder
and feeds. This is due to the fact that biosynthesis of organic S compounds takes place only in
plants and bacteria M. Plants in turn obtain S from soil and adequate supply of available S is a
necessary for successful production of agricultural and horticultural crops. Sulphur deficiency
in soils is global and reported from various sites/countries in the world like China [, Europe
Bl USA [, Canada ¥ and India & 71,

Soil sulphur (S) analysis as an indicator for sulphur availability for plant growth proposed by
some scientists of same field & °1. The high mobility of sulphur in soil and the effects of many
other factors such as the climate variation and the deepness of the water table, soil analysis is
sometimes inadequate for predicting sulphur deficiencies at the parcel scale ', Balance (in-
out) at the parcel level can also be used as an indicator of plant available sulphur 3. Based on
grass analyses, sulphur deficiency indicator can be a very complementary tool for methods
predicting sulphur deficiency and can allow to have an information on the real sulphur
nutrition of the plants and to evaluate the predicting methods without having to set up
experimental trials with several sulphur treatments and yield measurements 21,

As plant sulphur deficiency indicators many parameters have been proposed such as total
sulphur, sulphate, organic sulphur or ratios as, nitrogen (N): S, malate: sulphate, sulphate: total
S; but, till date, no indicator has been chosen for grasses '3 1% 141 The most commonly used
indicators are S content and N: S ratio. Literature reports that grasses with S content from 0.95
mg S g* DM ¥ t0 2.5 mg S gt DM [ or N:S ratio from 14 1171 to 20 (61 responded positively
to S fertilization. These indicators focus on critical value variation not only with the nitrogen
nutrition of the plants 8 but during plant growth also. As for nitrogen (N) 2%, phosphorus (P)
and potassium (K) 21, S content and the critical values decrease during plant growth 24, K and
P nutrition status of grasses can be estimated by comparing K or P grass content to Index
values taking into account a linear relationship between these elements and the grass N content
1221, S content also decreases during plant growth were considered 1 and such as for K,
luxurious consumption of S occurs, to define an indicator method for diagnosing sulphur
nutrition of grasses based on their S and N content is proposed.

~ 850~



Journal of Entomology and Zoology Studies

2. Material and Methods

2.1 Study Area

The present study was carried out in the sub-alpine pastures of
Goabal Sheep Breeding Farm (Anderwan Pasture) and
Shuhama Pasture in District Ganderbal. The study was
conducted at two pastures which are associated with two
organized sheep farms viz; pastures of Govt. Sheep Breeding
Farm Goabal, Ganderbal and pastures of Mountain Research
Station for Sheep and Goat, Faculty of Veterinary Sciences
and Animal Husbandry, SKUAST-K, Shuhama, in two
different seasons i.e. spring and autumn.

The pasture of Goabal Sheep Breeding Farm (Anderwan
Pasture) is situated at an average height of 2299.106 m
AMSL. Shuhama pasture is located at an average height of
1798.93 m AMSL. The two pastures are on an average of 32
km away from each other; the vegetation is totally different
probably due to greater human interference in Shuhama
pasture than Anderwan pasture which is practically located in
wild. The study was conducted in the month of May during
spring when the temperature ranged from 20 °C to 24 "C and
in the month of October during autumn season when the
temperature ranged from 11°C to 15 °C.

2.2 ldentification of major pasture plant species

In this study, the major plant species present in the pasture
were collected from the two pastures, Anderwan and
Shuhama pastures, during two seasons i.e., spring and autumn
for their identification. The samples were dried and a
herbarium was made to record and proper identification of the
plant species and the samples were identified by the experts of
the Division of Taxonomy, University of Kashmir, Srinagar.

2.3 Estimation of Nitrogen
Total nitrogen was estimated by the micro-Kjeldahl method as
per procedure suggested by AOAC %21,

2.4 Estimation of Sulphur
Available sulphur was determined by using 0.15% CacCl,
solution [24,

3. Results

3.1 Plants identified in spring season

Palatable plants identified during spring season in both the
pastures of Shuhama and Goabal pasture (Anderwan) are
presented in table 1 and table 2 respectively. Some plants
were exclusively present in the one pasture and absent in
other, while some were present in both the pastures.

3.2 Plants identified in Shuhama pasture in spring season
The total of 18 palatable plant species were identified in
Shuhama pasture which comprises of 12 grass species and 06
browse species. The browse species were Berbaris lyceum,
Indigofera hetrantha, Rosa brunonni, Rosa webbiana, Rubus
spp., Zizyphus jujuba and the grass species in Shuhama
pasture were Carpesium cernuum, Convolvulus arvensis,
Cynadon dactylon, Gnaphalium affine, Lespedeza cuneata,
Lolium temulentum, Medicago polymorpha, Plantago
lanceolata, Sisymbriuim officinale, Trifolium pretense,
Trifolium repens and Thymus linearis.

3.3 Plants identified in Goabal pasture (Anderwan) in
spring season

Total number of palatable plants identified in Goabal pasture
(Anderwan) were 10 comprising of 03 browse species and 07
grass species. Palatable browse species in Goabal pasture

(Anderwan) were Berberis lyceum, Indigofera heterentha and
Rosa brunonii while palatable grass species were Lolium
perene, Medicago minima, Plantago lanceolata, Poa bulbosa,
Poa perennis, Trifolium pratense, and Sisymbrium loeselii.

3.4 Plants identified in autumn season
Palatable plant species identified during autumn season in the
pastures of Shuhama and Goabal pasture (Anderwan) are
presented in table 4 and 5, respectively. Some plants were
exclusively present in one pasture and absent in other, while
some were present in both the pastures.

3.5 Plants identified in Shuhama pasture in autumn
season

The total of 18 palatable plant species were identified in
Shuhama pasture, out of which 06 belonged to browse species
and 12 belonged to grass species. Palatable browse species in
Shuhama pasture includes Astraglus grahamianus, Indigofera
heterantha, Robinia pseudoacacis, Rosa brunonii, Rosa
webbiania and Zizyphus jujuba while palatable grass species
were Amaranthus caudatus, Cichorium intybus, Convolus
arvensis, Cynodon dactylon, Daucus carrota, Lespedeza
cuneata, Plantago major, Scrophularia decomposita,
Trifolium pretense, Trifolium repens, Thymus linearis and
Verbena officinalis.

3.6 Plants identified in Goabal pasture (Anderwan) in
autumn season

Total number of palatable plants identified in Goabal pasture
(Anderwan) were 11 comprising of 10 browse species and
only 01 grass species. Palatable browse species were Berberis
lyceum, Berberis pyracantha, Creatagus songarica,
Euonymus hameltonianus, Indigofera hetrantha, Jasminum
humile, Moras alba, Parrotiopsis jacquemontiana, Robinia
pseudoacacis and Rosa brunonii while palatable only grass
species were Juncus spp.

3.7 Nitrogen, Sulphur status and Nitrogen: Sulphur ratio
of pasture grasses for spring season

The detailed Nitrogen, Sulphur content and N: S ratio of
browse and grass species at Shuhama pasture the during
spring season are presented in table no. 5. Among the browse
species, the highest Nitrogen content were found in
Indigofera heterantha (2.804%) while the lowest Nitrogen
content were found in Rosa brunonii (2.045%). Similarly,
highest Sulphur content were found in Indigofera heterantha
(0.194%) and lowest Sulphur content were found in Berberis
lycium (0.156%). The N: S ratios were found optimum for the
Rosa webbiana (12.82:1) and Rosa brunonii (12.25:1).
Among the grass species, the highest Nitrogen content were
found in Convolvus arvensis (4.384%) while the lowest
Nitrogen content were found in Lolium temulentum (1.636%).
Similarly, highest Sulphur content were found in Convolvus
arvensis (0.210%) while the lowest Sulphur content were
found in Sisymbriuim officinale (0.114%). The N: S ratios
were found optimum for the Cynadon dactylon (11.68:1) and
Lolium temulentum (11.44:1).

The detailed Nitrogen, Sulphur content and N: S ratio of
browse and grass species at Goabal pasture (Anderwan)
during spring season are presented in table no. 6. Among the
browse species, the highest Nitrogen content were found in
Indigofera heterantha (3.129%) while the lowest Nitrogen
content were found in Rosa brunonii (2.083%). Similarly,
highest Sulphur content were found in Indigofera heterantha
(0.195%) and lowest Sulphur content were found in Rosa
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brunonii (0.171%). The N: S ratios were found optimum for
the Rosa brunonii (12.18:1). Among the grass species, the
highest Nitrogen content were found in Trifolium pretense
(2.788%) while the lowest Nitrogen content were found in
Sisymbriuim loeselii (1.791%). Similarly, highest Sulphur
content were found in Trifolium pretense (0.207%) while the
lowest Sulphur content were found in Sisymbriuim loeselii
(0.145%). The N: S ratios were found optimum for the
Sisymbriuim loeselii (12.35:1) and Lolium perene (12.74:1).

3.8 Nitrogen, Sulphur status and Nitrogen: Sulphur ratio
of pasture grasses for autumn season:

The detailed Nitrogen, Sulphur content and N: S ratio of
browse and grass species at Shuhama pasture during autumn
season are presented in table no. 7. Among the browse
species, the highest Nitrogen content were found in Robinia
pseudoacacia (3.043%) while the lowest Nitrogen content
were found in Astraglus grahamianus (1.505%). Similarly,
highest Sulphur content were found in Robinia pseudoacacia
(0.186%) and lowest Sulphur content were found in Astraglus
grahamianus and Zizyphus jujube (0.143%). The N: S ratios
were found optimum for the Astraglus grahamianus
(10.82:1), Rosa brunonii (10.30:1), Rosa webbiania (11.78:1)
and Indigofera heterantha (12.65:1). Among the grass

species, the highest Nitrogen content were found in Trifolium
repens (3.530%) while the lowest Nitrogen content were
found in Cynadon dactylon (0.993%). Similarly, highest
Sulphur content were found in Convolvus arvensis (0.223%)
while the lowest Sulphur content were found in Cynadon
dactylon (0.102%). The N: S ratios were found optimum for
the Cichorium intybus (11.02:1), Amaranthus caudatus
(10.30:1), Verbena officinalis (10.57:1) and Scrophularia
decomposita (11.10:1).

The detailed Nitrogen, Sulphur content and N: S ratio of
browse and grass species at Goabal pasture (Anderwan)
during autumn season are presented in table no. 8. Among the
browse species, the highest Nitrogen content were found in
Robinia pseudoacacia (3.202%) while the lowest Nitrogen
content were found in Creatagus songarica (0.961%).
Similarly, highest Sulphur content were found in Indigofera
heterantha (0.197%) and lowest Sulphur content were found
in Creatagus songarica (0.10%). The N: S ratios were found
optimum for the Berberis pyracantha (12.82:1), Berberis
lyceum (10.24:1), Rosa brunonii (11.20:1) and Indigofera
heterantha (12.72:1). The only grass species, Juncus spp.
Nitrogen content were found (1.626%), similarly, Sulphur
content were found (0.143%). The N: S ratio of Juncus spp.
were found optimum (11.32:1).

Table 1: Palatable plants identified during spring season in Shuhama pasture.

S. No Scientific Name Family Plant Type Local Name English Name
1 Berbaris lyceum Berberidaceae Browse Mazni Kund Indian barberry
2 Indigofera heterantha Fabaceae Browse Kech Himaliyan Indigo
3 Rosa brunonni Rosaceae Browse Kreed Himalyan musk rose
4 Rosa webbiana Rosaceae Browse Arval Posh Thorny Rose
5 Rubus spp. Rosaceae Browse - -
6 Zizyphus jujuba Rhamnaceae Browse Bare Kund Jujube
7 Carpesium cernuum Asteraceae Grass - Nodding Carpesium
8 Convolvulus arvensis Convolvulaceae Grass Thur Field bindweed
9 Cynadon dactylon Poaceae Grass Dramun Bermuda grass
10 Gnaphalium affine Asteraceae Grass - Jersey cudweed
11 Lespedeza cuneata Fabaceae Grass Jungle meth Chinese bushclover
12 Lolium temulentum Poaceae Grass Gasse Rye grass
13 Medicago polymorpha Fabaceae Grass - Bur clover
14 Plantago lanceolata Plantaginaceae Grass Guli Lamb’s tongue
15 Sisymbriuim officinale Brassicaceae Grass - Hedge mustard
16 Trifolium pratense Fabaceae Grass Batak neur Red clover
17 Trifolium repens Fabaceae Grass Batak neur White Clover
18 Thymus linearis Lamiaceae Grass - Himaliyan thyme

Table 2: Palatable plants identified during spring season in Goabal pasture (Anderwan).

S. No Scientific Name Family Plant Type Local Name English Name
1 Berberis lycium Berberidaceae Browse Mazni Kund Indian barberry
2 Indigofera heterantha Fabaceae Browse Kech Himalyan Indigo
3 Rosa brunonii Rosaceae Browse Kreed Himalyan musk rose
4 Lolium perene Poaceae Grass Gasse Rye grass
5 Medicago minima Fabaceae Grass Methi gasse Little burclover
6 Plantago lanceolata Plantaginaceae Grass Guli Lamb’s tongue
7 Poa bulbosa Poaceae Grass - Bluegrass
8 Poa perennis Poaceae Grass - -
9 Trifolium pratense Fabaceae Grass Batak neur Red clover
10 Sisymbrium loeselii Brassicaceae Grass - Tumbleweed mustard

Table 3: Palatable plants identified during autumn season in Shuhama

S. No Scientific Name Family Plant Type Local Name English Name
1 Astraglus grahamianus Papilionaceae Browse Chari kund -
2 Indigofera heterantha Fabaceae Browse Kech Himaliyan Indigo
3 Robinia pseudoacacia Fabaceae Browse Kikar Black locust
4 Rosa brunonii Rosaceae Browse Kreed -
5 Rosa webbiania Rosaceae Browse Arval Posh Thorny Rose
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6 Zizyphus jujube Rhamnaceae Browse Bare Kund Jujube

7 Amaranthus caudatus Amaranthaceae Grass Ganhar Pendant amaranth
8 Cichorium intybus Asteraceae Grass Saze hande Common chicory
9 Convolus arvensis Convolvulaceae Grass Thur Field bindweed
10 Cynodon dactylon Poaceae Grass Dramun Bermuda grass
11 Daucus carrota Apiaceae Grass Mohar muj Wild carrot
12 Lespedeza cuneata Fabaceae Grass Jungle meth Chinese bushclover
13 Plantago major Plantaginaceae Grass Guli Greater plantain
14 Scrophularia decomposita Scrophulariaceae Grass Gande soi Figwort
15 Trifolium pretense Fabaceae Grass Batak neur Red clover
16 Trifolium repens Fabaceae Grass Batak neur White Clover
17 Thymus linearis Limaiceae Grass Jungle jayand Himalyan thyme
18 Verbena officinalis Verbenaceae Grass - Holy Herb

Table 4: Palatable plants identified during autumn season in Goabal pasture (Anderwan)
S.No Scientific Name Family Plant Type | Local Name English Name

1 Berberis lyceum Berberidaceae Browse Mazni Kund Indian barberry

2 Berberis pyracantha Berberidaceae Browse Kavdach -

3 Creatagus songarica Roaceae Browse - Howthorn

4 Euonymus hameltonianus Celastraceae Browse - Hamilton’s spindle tree
5 Indigofera heterantha Fabaceae Browse Kech Himaliyan Indigo
6 Jasminum humile Oleaceae Browse - Yellow jasmine

7 Moras alba Moraceae Browse Shahtoot Mulberry

8 Parrotiopsis jacquemontiana | Hamamelidaceae Browse Poshvi Parrotia

9 Robinia pseudoacacia Fabaceae Browse Kikar Black locust

10 Rosa brunonii Roseaceae Browse Kreed Himalyan musk rose
11 Juncus spp. Juncaceae Grass - Rushes

Table 5: Estimation of nitrogen, sulphur and N: S ratio in plants of Shuhama pasture in spring season

SNo. | Scientific name | N% [ S% | N:Sratio
Browse species
1. Zizyphus jujuba 2.288 0.168 13.62:1
2. Indigofera heterantha 2.804 0.194 14.45:1
3. Rosa webbiana 2.103 0.164 12.82:1
4. Rosa brunonii 2.045 0.167 12.25:1
5. Berberis lycium 2.172 0.156 13.92:1
6. Rubus sp. 2.248 0.172 13.07:1
Grass species
1. Thymus linearis 3.084 0.192 16.06:1
2. Gnaphalium affine 1.957 0.132 14.83:1
3. Carpesium cernuum 1.795 0.125 14.36:1
4. Cynadon dactylon 1.763 0.151 11.68:1
5. Lolium temulentum 1.636 0.143 11.44:1
6. Sisymbriuim officinale 1.683 0.114 14.76:1
7. Lespedeza cuneata 3.450 0.207 16.67:1
8. Trifolium pretense 2.915 0.183 15.93:1
9. Trifolium repens 3.604 0.199 18.11:1
10. Plantago lanceolata 1.968 0.135 14.58:1
11. Medicago polymorpha 2.470 0.156 15.83:1
12. Convolvus arvensis 4.384 0.210 20.88:1

Table 6: Estimation of nitrogen, sulphur and N: S ratio in plants of Goabal pasture (Anderwan) in spring season

SNo. | Scientific name | N | S% | N:Sratio
Browse species
1. Berberis lyceum 2.326 0.174 13.37:1
2. Rosa brunonii 2.083 0.171 12.18:1
3. Indigofera heterantha 3.129 0.195 16.05:1
Grass species
1. Medicago minima 2.604 0.183 14.23:1
2. Poa perennis 2.147 0.165 13.01:1
3. Plantago lancilata 2.233 0.167 13.37:1
4. Poa bulbosa 2.083 0.157 13.27:1
5. Lolium perene 1.926 0.151 12.75:1
6. Trifolium pretense 2.788 0.207 13.47:1
7. Sisymbrium loeselii 1.791 0.145 12.35:1
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Table 7: Estimation of nitrogen, sulphur and N: S ratio in plants of Shuhama pasture in autumn season

SNo. | Scientific name | N | sS% | N:Sratio
Browse species
1. Zizyphus jujuba 1.874 0.143 13.10:1
2. Rosa brunonii 1.741 0.169 10.30:1
3. Astraglus grahamianus 1.505 0.143 10.52:1
4. Robinia pseudoacacis 3.043 0.186 16.36:1
5. Indigofera heterantha 2.29 0.181 12.65:1
6. Rosa webbiania 1.885 0.160 11.78:1
Grass species
1. Lespedeza cuneata 3.195 0.187 17.09:1
2. Cichorium intybus 1.796 0.163 11.02:1
3. Amaranthus caudatus 1.555 0.151 10.30:1
4. Cynodon dactylon 0.993 0.102 9.74:1
5. Trifolium repens 3.53 0.191 18.48:1
6. Thymus linearis 2.814 0.185 15.21:1
7. Daucus carrota 3.231 0.206 15.68:1
8. Verbena officinalis 1.395 0.132 10.57:1
9. Scrophularia decomposita 1.154 0.104 11.10:1
10. Convolus arvensis 3.222 0.223 14.45:1
11. Trifolium pretense 3.076 0.192 16.02:1
12. Plantago major 1.623 0.114 14.24:1

Table 8: Estimation of nitrogen, sulphur and N: S ratio in plants of Goabal pasture in autumn season

SNo. | Scientific name | N% | S% | N:Sratio
Browse species
1. Moras alba 2.475 0.167 14.82:1
2. Berberis pyracantha 1.82 0.142 12.82:1
3. Berberis lyceum 1.382 0.135 10.24:1
4. Creatagus songarica 0.961 0.100 9.61:1
5. Jasminum humile 1.772 0.132 13.42:1
6. Robinia pseudoacacia 3.202 0.188 17.03:1
7. Rosa brunonii 1.938 0.173 11.20:1
8. Parrotiopsis jacquemontiana 1.602 0.112 14.30:1
9. Indigofera heterantha 2.505 0.197 12.72:1
10. Euonymus hameltonianus 1.333 0.101 13.20:1
Grass species
1. ] Juncus sp. 1626 | 0143 [ 11371

4. Discussion

S and N plays central role in the synthesis of proteins, the
supplies of these nutrients in plants are highly inter-related. In
terms of dry matter and vyield, Sulphur and nitrogen
relationships were established in many studies in several
crops 25301, Barney and Bush B4, while working on tobacco
plant concluded that there was an apparent accumulation of
one nutrient when the other nutrient was limited and that
accumulated nutrient was used in protein synthesis when the
treatment were reversed. A shortage in the S supply of the
crops lowers the utilization of the available soil nitrogen,
thereby increasing nitrate leaching 132, O'Connor and Vartha
1331 observed that large dose of gypsum reduced the yield of
hay when N status in soil was unsatisfactory. Likewise, large
dose of N created S deficiency [, It has been established that
for every 15 parts of N in protein there is 1 part of S which
implies that the N: S ratio is fixed within a narrow range of
15:1. The N: S ratio in the whole plant in general is 20: 1 [,
Clarkson et al., [ while working on barley plants,
demonstrated that at the whole plant level the apparent
matching of supply to demand is accompanied by an apparent
linkage of SO4% to NO* uptake. Sulphur and nitrogen both
are required for the synthesis of proteins; the ratio of total N
to total S in plant tissue can reflect the ability of N and S in
protein synthesis 71, Thus, a change in the ratio of reduced-N
to reduced-S (NR/SR), which is a reflection of the amount of
S amino acids, suggests that protein metabolism has been
significantly altered and has important implications for

protein quality B8, A number of studies on S requirement of
the crop in relation to N have been reported [28 29 39, 40, 30]
There is a significant positive S x N interaction in relation to
the oil content and yield. Adequate N: S ratio has been found
to be 7.5:1 in grains, above which deficiency of S can be
observed 1, There is a strong relationship between S and N
content in plants. The ratio of total N to total S and protein S
determine the degree of availability of deficiency of S in
protein. The N and S ratio is often preferred over
concentration as a diagnostic criterion for S deficiency 2,
The total S content in plant tissues varies among plant
species. In greenhouse trails with subterranean clover, N: S
ratio was shown to be less variable with plant age and N
supply than total S and total sulphate [*31. Experiments with
rapeseed showed that the N:S ratio of rapeseed tops sampled
at the rosette stage was very sensitive and changes due to
change in sites, year and seed varieties and these changes
were sometimes greater than differences between S deficient
and S sufficient rapeseed 4. Dev and Saggar “°! observed
that S application lowered total N: total S ratios in soybean. It
was also shown that at the S levels where consistency in total
N and total S ratios was obtained, one part of S was required
for every 14 and 16 parts of N in protein formation in
different varieties of soybean. Dev et al.[“ reported that
application of 20 kg S ha* lowered N: S ratio in mustard
seeds from a range of 14:1-16:1 to 11:1-12:1 and it was
further reduced to 10:1, when S was applied at 40 kg ha™.
Aulakh et al., 1 found N: S ratio of 15.5:1 in plant tissue of
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mustard to be critical, above which the inadequacy of S may
cause a drastic reduction in grain yield.

5. Conclusion

Sulphur is an important nutrient for plant growth and
development. Sulphur interactions with nitrogen nutrients are
directly related to the alteration of physiological and
biochemical responses of crops, and thus required to be
studied in depth. This would help to understand nutritional
behaviour of sulphur in relation to nitrogen nutrients and
provide guidelines for inventing balanced fertilizer
recommendations in order to optimise yield and quality of
crops.
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