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Fig. 1. The location of the study area. 

Soil and, jbliage sampling 
Measurements were taken at 136 sample plots, radius 3m, randomly located within 
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Fig. 2. The 
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Table 1. Properties of soils 

Soil property 
Standard 

Mean" deviation Minimum Maximum 

pH (in H,O) 
pH (in CaCI,) 
CEC (mmol, kg I)  

Exchangeable Ca (mmol, kg- I) 
Exchangeable Mg (mmol, kg- I) 
Exchangeable K (mmol, kg-') 
Exchangeable Na (mmol, kg- I)  

Exchangeable bases (mmol, kg-I) 
Base saturation (%) 
Total N (g kg-I) 
Available P (mg kg ~ I) 

C:N 
Water content (g kg-l)b 

c (g kg-9 

5.3 
4.3 

140.0 
18.0 
6.0 
3.0 
0.1 

27.0 
21 
0.90 
3.5 
6.0 
7. I 

130 

0.3 
0.3 

50.0 
11.0 
4.0 
1 .o 
0.1 

14.0 
10 
0.40 
2.9 
2.5 
1.3 

70 

4.4 6.3 
3.7 5.5 

57.0 305.0 
10.0 59.0 
1 .o 24.0 
1 .o 6.0 
0.0 0.4 
3.0 74.0 
1.7 48 
0.10 2.20 
0.4 13.6 
0.9 12.6 
2.9 10.5 

40 360 

%= 136 
bn = 72. 

Table 2. Correlation matrix for significantly correlated soil and topographic variables" 

pH(H,O) pH(CaC1,) Ca Mg K EBb 

pH (in CaCI,) 0.69 
Ca 0.55 0.82 
Mg 0.44 0.60 0.61 
K 0.49 
EBb 0.57 0.82 0.97 0.78 0.44 
BS' 0.51 0.67 0.77 0.65 0.35 0.80 
Elevation -0.41 -0.46 

C N WCd Aspect 

N 0.88 
Water content 0.72 0.77 
Aspect 0.61 0.60 0.63 
Elevation 0.50 0.59 0.48 0.42 

"n= 136, P<0.05. 
bExchangeable bases. 
"Base saturation. 
dWater content. 

bases and base saturation (Table 2). Elevation is significantly related to pH (in H,O), pH (in CaCl,), 
Mg, K, total exchangeable bases and base saturation. Soil carbon content and N are both positively 
correlated with elevation and negatively correlated with aspect class (small value = 'south slopes', 
large value = 'north slopes'). 
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Table 3. Pearson correlation coefficients for pairs of soil and 

foliar variables 

42 1 

Variable 1 Variable 2 r" n 

Pin soil Pin sat foliage 0.39 43 
P in soil Pin pine foliage 0.32 33 
Mg in soil Mg in pine foliage 0.46 33 
K in soil K in pine foliage 0.35 33 

' I  values significant at P<0.05. 

Table 4. Mean values of soil parameters for aspect/elevation classes" 

S S N N 
<1200m 11200m <1200m 11200m 

n=33 n= I 1  n=25 n=41 

CEC (mmol, kg-') 125.0a 138.0ab 130.3a 161.7b 
Mg (mmol, kg I) 8.6a 6.2ab 6.4ab 5.3b 
Base saturation (%) 24.6a 18.9a 21.7a 18.5a 
N (g kg- '1 0% 0.7ab 0.9b 1.2c 
C(gkg 7 4.0a 4.5a 6.3b 7.9c 
Water content (g kg-I) 80a 60a 150b 200c 

"Significant differences (PcO.05) between aspect/elevation classes are indicated by 
different letters following the mean value. 

Correlations calculated between soil and foliar variables (Table 3) indicate that measurements of 
P, Mg and K in chir pine foliage and P in sal foliage are related to what is available in the soil. 

Comparison between aspectlelevation classes 
A number of soil variables are related to the aspect/elevation classes (Table 4). The soil on 'south 
slopes' at low elevation has smaller contents of N, C and water. The input of organic matter is 
probably greater and the decomposition rate smaller on the cooler, wetter 'north slopes' at high 
elevation. This would account for the larger values of C and the corresponding larger values of soil 
N. CEC is related to organic matter content and thus the values of CEC are greatest on the 'north 
slopes' at high elevation. 

The amount of precipitation increases with increasing elevation in the watershed (Wymann, 
1991) and consequently higher elevations experience stronger leaching conditions. This would 
explain the smaller values of Mg and base saturation at higher elevations. The growing conditions 
are severe on the 'south slopes' at low elevations, in terms of soil contents of N, C, water content 
and CEC. 

Comparison between soil types 
Total N, available P, and C content are smaller in the red soils (Table 5 )  indicating that, in relation to 
these variables, the red soils are less fertile than the non-red soils. However, the red soils have greater 
clay content, pH (in H,O), Mg, total exchangeable bases and base saturation. With adequate 
amounts of organic matter and P input, these soils may have the potential to be quite productive. 
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Table 5. Mean values of soil, foliar, topographic and site parameters 

for two soil types4 

Parameters 
Non-red soil Red soil 

n=122 n=  14 

pH (in H,O) 
pH (in CaC1,) 
Mg (mmol, kg I )  

EBb (rnmol, kg-I) 
BS'(%) 
N (8 kg 9 
p (mi? kg 9 
c (g kg-') 
Water content (g kg I)" 

Pin sal (mg kg-') 
P in pine (mg kg 
Fe in pine (mg kg-I)' 
A1 In pine (mg kg 
Aspectg 
Elevation (m) 
Slope (%) 

5.28 
4.29 
5.80 

26.20 
20.13 
0.90 
3.71 
6.40 

140 
2100 
1600 

120 
330 

1280 
67 

4.4 

5.49 
4.46 

12.30 
36.60 
27.68 
0.40 
1.81se0 330 

2100 330 5.80 4.460 Tc 1.4074 2.40961Td
(4.4 )Tj
-0.04 Tc 8.4 0 013.4 13959 431.3'All(2100 )Tj
0 0429 Tc 1 0 list686(-297(differenc(val-225(between6(-299 Td
[(so305l )64(ypes4 )]TJ
0.016 Tc 1.2024 0arTm
(Fe )Tj
1 Tc 6.8571 0 TgnificanTm
(et )T6-0.01 Tc 4.7143 0atC1,) )Tj
0 4Tc -1.9Tm
-1.2169bExchangea(4.46 )Tj
-0.04 Tc 1.7738 (m
(Table )Tj
1 3929 Tc 1 (bases.
(330 )Tj
-0.0-619 -1.2024 -1.2024'Base
((g )Tj
0.0Tm
-1.8571 0 atur(Elev.((in )Tj
/TT3 1]TJ
0.07 Tc 8.4 01013.47 30.3 451.2d Td
(n= )Tj
/TT0 1 Tf
7 Tc 8.9 0 014 0 030.3 451.258,Tm
(c )Tj
-0.01 Tc 8.4 0 0 6.4 330.3 451.214.((in )T5
/TT0 1 Tf
7 Tc 8.160 0 3.4 13451 421.4%eters 0)Tc 8.660 0139 Tc3451 421.4Td
(n= )Tj
/TT0  )Tj
-0.02 Tc 8.1 0 018.4Tc3451 421.435,Tm
(c )Tj
-0.01 Tc 8.4 0 0 584Tc3451 421.48.((in )T1
/TT3 1 Tf
0.02 Tc 8.1 05013.47 3359 431.3'n((in )T5
/TT0 1 Tf
 0)Tc 8.660 0139 4 3359 431.3Td
(n= )Tj
/TT0 2 Tc 8.1 0 018.42 3359 431.325,Tm
(c0 Tc 8.1 0 0 5844 3359 431.38.((in4 Tc 8.4 0 013.47 3251 421.4#Rangesg-') )Tj
0.0 0 8 3.7381 0fromTable )Tj
5 Tc 8.1 0 0 8.47 3251 421.4Ig-') )Tj
0.04 Tc 8.4 0 01864 13251 421.4to(0.40 )Tj
0.03Tf
95.7381 08,lg-') )T
-0.04 5c 6.0357 (=south
(330 )Tj
-0.0.2 611.8571 0�m
"(kg-') )Tj
0.0Tm6541.7738 (andg-') )Tj
0.01 Tc 3.7381 08g-') )T
-0.00)Tc 3.1071 0=north
(330 )Tj
0 Tc 8.1 0 0 059 43251 421.4ž
"(k.g-') )T8)Tj
0 2Td
41.724 41.1928P< Tf
.g-') Table 
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Table 6. Mean values of soil, topographic and site parameters for three 

forest typesa 

423 

Parameter 
Sal Hardwood Pine 

n=36 n=71 n= 15 

pH (in CaC1,) 
CEC (mmol, kg ~ I) 

Ca (mmol, kg-I) 
Mg (mmol, kg I) 

EBb (mmol, kg I) 

BS' (Yo) 
N (g kg-'1 
c (g kg-') 
Aspectd 
Elevation (m) 

4.17a 
118.30a 
12.80a 
7.10ab 

23.00a 
20.32a 
0.60a 
4.60a 
2.10a 

1 125a 

4.31b 
148.30b 
18.50b 
5.70a 

26.90a 
19.95a 
1.00b 
6.60b 
4.90b 

1305b 

4.44b 
149.40b 
25.80~ 
7.20b 

36.00b 
24.80a 

1.10b 
7.20b 
4.90b 

1350b 

"Significant differences (P<O.O5) between forest types are indicated by 

hExchangeable bases. 
'Base saturation. 
dRanges from 1 to 8, 1 =south (180") and 8=north (360"). 

different letters following the mean value. 

have the largest values and hardwood sites are intermediate. It is unlikely that these differences are 
due to a species effect, since sal and other hardwood foliage is greater in base content than chir pine 
foliage. 

The smaller values of pH, Ca, Mg and exchangeable bases found under sal and hardwood forest 
may be partially explained by the removal of bases in base-rich hardwood leaves during fodder and 
litter collection. Feigl (1989) made similar findings in a study of chir pine plantations in the lower 
Jhikhu Khola Watershed, Nepal. 

Sal is found mostly on hot and dry 'south slopes' at lower elevations and pine and hardwood are 
found on cooler and moister 'north slopes' at higher elevations (Table 6). This may account for the 
smaller values of C, 
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Table 7. Mean values of soil, topographic and site parameters for management classes on 

'north slopes' above 1200 ma 

Parameter 
Government, guarded Private Panchayat 

n=9 n=27 n= 10 

pH in (H,O) 
pH (in CaCI,) 
Ca (mmol, kg-I) 
Mg (mmol, kg I) 

K(mmo1,kg ') 
EBb (mmol, kg I)  

BS' (Yo) 
C ( g k g  I) 

p (mg kg I) 

N (g kg ') 
Aspectd 
Elevation (m) 
Pine (YO) 

5.43d 
4.52a 

27.20a 
7.70a 
2.40ab 

37.30a 
23.19a 
9.20a 
5.03a 
1.30a 
6.3a 

1410ab 
5 4d 

5.36a 
4.38a 

23.30a 
6.10a 
2.80a 

32.20a 
22.01a 
7.50a 
3.81a 
1.10a 
6.2a 

1340a 
3b 

4.80b 
3.88b 
3.80b 
I .60b 
2.00b 
7.60b 
6.39b 
7.50a 
1.56b 
1.10a 
6.la 

1560b 
21a 

"Significant differences (P< 0.05) between management classes are indicated by 

bExchangeable bases. 
'Base saturation. 
"Ranges from I to 8, I =south (180")and 8=north (360"). 

different lettcrs following the mean value. 

C O N C L U S I O N S  

This study has shown that forest soil fertility in the Dhulikhel Watershed is generally poor and varies 
with microclimate, soil type, forest type and management. Forest soil fertility is poorer on 'south 
slopes' and low elevations compared with 'north slopes' and high elevations. Red soils have signifi- 
cantly smaller contents of available soil P compared with non-red soils. Sal stands are the least fertile 
compared with hardwood and pine stands. 

The better protected private and government-guarded forests have better soil siguith 
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