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Figure 1. Location of the study area along with sampling points
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Table 1. Summary statistics of soil properties and tea yield

. EC N ocC Sand Silt Clay pb K P Yield
Variable pH ds m? % grcm mg kg Kg ha'
Mean 5.84 0.16 0.32 263 39.9 35.0 24.9 1.40 401.1 11.83 1442.8
Minimum 5.35 0.08 0.23 0.59 16.0 19.5 145 1.13 139.9 3.69 603.0
Maximum  6.59 0.37 0.57 3.67 66.0 50.5 38.0 1.66 794.6 19.7 27715
St.D 0.30 0.05 0.09 0.69 7.91 551 431 0.11 149.7 3.28 4375
CV (%) 5.10 31.2 281 26.3 19.8 15.7 17.3 7.80 37.2 21.7 30.3
Skewness 0.46 0.85 0.80 -0.78 -0.12 0.57 0.58 0.06 0.56 -0.21 0.52
Kurtosis -0.40 0.65 -0.97 0.39 2.03 1.14 147 -0.17 -0.27 0.14 -0.14

5. Management zones
6. Fuziness Performance Index
7. Normalized Classification Entropy

AD

1. Mean error

2. Root mean square error
3. Visual interpretation

4. Fuzzy c-mean clustering
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Table 2. Pearson correlation coefficients between soil properties and tea yield

. EC N oC Sand Silt Clay pb K P Yield
Variable pH ds m? % grcms mg kg! kg ha't
(T(Islr?a-l) -0.446" 0.026 -0.010 0535" -0.134 0.004 0.232 0.149 0.370" 0.202 1.00

" Significant at 95% confidence level
Pb ST ooliztn] B gl K 1S oslinul Bl jand P Sl S (50,05 N Sb S 5SI culan colls £C <SSk JT 5 0C 1S STy pH

S 5ol ogate p
pH: Soil acidity, OC: Organic carbon, EC: Electrical conductivity, N: Total soil nitrogen, P: Available soil phosphorus, K: Usable soil
potassium, pb: soil bulk density
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1. Omni-directional variogram
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Table 3. Parameters of models fitted to the semivariograms of soil properties and tea yield

Variable bH EC N ocC Sand Silt Clay pb K P Yield

dS m? % grcems mg kgt Kg ha?
Model Spherical Spherical Exponential ~ Spherical Spherical Spherical ~ Exponential ~ Spherical ~ Exponential Exponential  Spherical
Nugget effect 0.046 0.080 0.040 0.277 0.100 3.580 0.010 0.005 6335.1 8.580 103700.2
Sill 0.102 0.110 0.090 0.571 72.1 34.840 0.210 0.014 25240.2 17.170 218200.3
Range (m) 484 198 93 434 140 206 88 90 269 1325 379
Spatial dependence 45.1 72.7 44.4 485 0.13 10.3 4.7 35.7 25.1 49.9 475
Spatial dependence M
level oderate  Moderate  Moderate Moderate Strong Strong Strong Moderate Moderate Moderate Moderate
R2 0.97 0.85 0.88 0.99 0.84 0.71 0.91 0.91 0.98 0.72 0.98
RMSE 0.25 1.99 1.47 0.62 7.79 4.71 20.3 0.11 103.5 3.18 367.86
ME 0.000 1.990 1.460 -0.005 0.150 0.010 19.940 -0.002 0.370 -0.020 -4.770
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Table 3. Parameters of models fitted to the semivariograms of soil properties and tea yield
Variable pH EC N oC Sand Silt Clay pb K P Yield

dsS m? % grcm’ mg kg! Kg ha?
Model Spherical Spherical Exponential ~ Spherical Spherical Spherical ~ Exponential ~ Spherical ~ Exponential Exponential  Spherical
Nugget effect 0.046 0.080 0.040 0.277 0.100 3.580 0.010 0.005 6335.1 8.580 103700.2
Sill 0.102 0.110 0.090 0.571 72.1 34.840 0.210 0.014 25240.2 17.170 218200.3
Range (m) 484 198 93 434 140 206 88 90 269 1325 379
Spatial dependence 45.1 727 44.4 485 0.13 10.3 4.7 35.7 25.1 49.9 475
ISeF\)/aetllal dependence Moderate Moderate ~ Moderate Moderate Strong Strong Strong Moderate Moderate Moderate Moderate
R2 0.97 0.85 0.88 0.99 0.84 0.71 0.91 0.91 0.98 0.72 0.98
RMSE 0.25 1.99 1.47 0.62 7.79 471 20.3 0.11 103.5 3.18 367.86
ME 0.000 1.990 1.460 -0.005 0.150 0.010 19.940 -0.002 0.370 -0.020 -4.770
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Table 4. Tea yield distribution across the management zones of the study area

Yield (kg ha”) MZ1 MzzArea (%lzﬂzs Total

Low 0.4 3.9 13.3 17.6

Moderate 3.1 29.4 3.7 36.2

High 28.4 15.6 2.2 46.2

Total area (%) 31.9 48.9 19.2 100.0
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Abstract

Knowledge of the spatial variability of soil properties is vital for improving productivity and
sustainable management of agricultural practices, as it is directly contributing to variability in crop
yields. This study was conducted to investigate the spatial variability of some soil properties and
their relationships with spatial variability of tea yield in the Fouman region of Guilan province. Soil
samples were collected from 0 to 40 cm depth in 70 observation points. The green tea leaves were
harvested at a 4 m? plot at each site. Physicochemical soil properties and tea yield were determined
according to standard methods. In order to address the cumulative impact of soil properties on tea
yield, some soil physicochemical layers were subjected to delineate the study area into management
zones. Soil parameters varied throughout the study area and their coefficients of variation ranged
from 5.1% to 37.2% for pH and available potassium, respectively. Experimental semivariograms
indicated moderate to strong spatial dependencies for all selected parameters. Spatial distribution
maps, derived by kriging interpolation, showed that the spatial trend of the yield was approximately
similar to pH, organic carbon and available potassium, which expresses the spatial correlation of
these soil properties with the tea yield in the region. Correlation analysis revealed that tea yield was
significantly positively correlated with organic carbon and available potassium (0.53 and 0.37,
respectively) while negatively correlated with pH (-0.45). The results suggested the significant effect
of soil properties, especially pH, organic carbon and available potassium on the tea productivity. The
results indicated that the study area was successfully delineated into four distinct management zones
based on spatial variability of soil properties. The spatial variations of soil properties can be used to
identify the major sources of variability in crop yields and also to delineate the management zones.
Therefore, the spatial variability of soil properties provides a basis of information for sustainable
production in the tea gardens in the study area.
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