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ABSTRACT. Two trials were conducted to evaluate the effect of annual grazing (pruning)
and seasonal grazing (four times a year) on total green foliage weight (TGFW), total dry
foliage weight (TDFW), culm dry weight (CDW), leaf dry weight (LDW), total leaf area
(TLA), specific leaf area (SLA) and N-content (protein) of both culms and leaves. Three
grazing intensities (pruning 25, 50 and 75% of vegetative growth) were evaluated in each
trial. Data taken at the end of each of eight consecutive seasons (from 21/6/94 until
21/3/96) revealed differences (P< 0.05) among seasons for all of the traits studied in the
annual grazing trial (both years, for SLA) and for TGFW, SLA and N-content of leaves
and culms in the first year and for TLA in both years in the seasonal grazing trial. The
interaction of season and pruning intensity in the annual grazing trial significantly affected
TGFW, TDFW, CDW and LDW in the first year of the study. Dry matter accumulation,
under all grazing intensities, progressively increased with plant age under annual grazing
but progressively decreased with plant age under seasonal (repeated) grazing practices.
Estimates of N-content over the grazing intensities ranged from 2.61% to 3.00% for leaves
and from 1.70% to 2.14% for culms over the grazing trials. Thus, rotational annual
grazing of jojoba will ensure the availability of high yields of high quality forage
throughout the year.

Introduction

Shrub species are major components of arid and semiarid range lands
throughout the world and are important sources of forage (browse) for
domestic and wild herbivores (Ruyle et al., 1983). Forage production
varies within and among species, with age of plant, season and year
(Bartolome and Kosco, 1982); whereas nutritive value varies mostly with
the growing season (Cook et al., 1967; Parker, 1969; Buchanan et al.,
1972; Rosiere and Torell, 1985; Holechek er al., 1989; Tag Eldin, 1993).
Estimates of total dry biomass harvested from a group of five species of
the genus Atriplex established in Central Saudi Arabia, were reported to
be highest in the summer (725kg/ha) and the spring (702kg/ha) and
lowest in autumn (518kg/ha) and winter (527kg/ha) (Tag Eldin, 1993).
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In Saudi Arabia, most of the irrigation water is saline and drought
prevails most of the year. Jojoba (Simmondsia chinesis) is known to be a
drought tolerant species (Osman and Abo Hassan, 1997) that withstands
high salinity levels in the irrigation water (Osman and AboHassan, 1998a)
and is capable of maintaining positive growth and low levels of fertilizers
(Osman and Abo Hassan, 1998b). Consequently, its introduction as a
rangeland shrub under the arid conditions of western Saudi Arabia may
prove to be very essential. The utilization of Jojoba as a browse shrub is
illustrated in Figure 1, whereas its nutritive value was reported by Osman
and Abo Hassan (1997).

The present work was undertaken to assess green and dry foliage
production, their components, and the N-content (protein) of leaves and
culms in Jojoba under various levels of simulated grazing intensities
carried out once a year (annual) or four times a year (seasonal).

Materials and Methods

The present work was conducted at the Experimental Farm of King
Abdul Aziz University at Hada Al-Sham located 120km northeast of
Jeddah. The soil at the experimental site is sandy clay (72% sand, 18%
clay and 10% silt) having an average estimate of 0.17, 0.20 and 2.610g /
Kg of N, P and K, respectively at a pH of 82 and ECe of
0.960mmhos/cm. The meteorological data characteristic of the
experimental site is shown in Table 1. A seed lot of Jojoba introduced
from Arizona was seeded in 1989. Seeds harvested from this lot were used
in establishing the simulated grazing trials indicated in this study. The test
plot was seeded on 28/2/1993 in an area of 0.22ha (10 rows x 400m x
550m) under a drip irrigation system. On 20/9/93 (i.e. 213 days after
planting), the test plot was divided into four blocks, each of which, apart
from marginal rows, consisted of 2 rows x 40m x 550m. Three of these
blocks were used for initiation of the annual grazing trial, whereas the
fourth block was allocated for the seasonal or continuous grazing trial. In
both trials, a split-plot design was used with three replications, in which
the main plot was allocated for grazing (pruning) intensity (i.e. removal

of 25, 50 or 75% of shoot growth) and the subplot (12m?) was allocated
for the grazing time (21/6, 21/9, 21/12 and 21/3) marking the last day
in the spring, summer, fall and winter growing season in each year. In the
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annual grazing trial the experimental intensity subplots were pruned once
a year, whereas in the seasonal grazing trial the same experimental plot
was pruned four times a year, i.e. at the end of each growing season every
year. At the time of grazing which was initiated on 21/6/94 and continued
for eight consecutive seasons, i.e. until 21/3/96 data was taken on total
green foliage weight (i.e. fresh weight of harvested shoots) and on total
dry foliage weight (i.e. weight of 72hr oven-dried shoots and their oven
dried components i.e. leaf and culm weights). Total leaf area per plot was
determined by using a leaf area metre (Licor 1000). Nitrogen content was
measured by the use of an automatic N-analyzer (Kjeltec Auto 1030). In
addition, specific leaf area or SLA, i.e. leaf area/leaf weight, and N-
content of both culm and leaves were also determined. Data taken in each
of the two years was analyzed as for split-plot design as suggested by
Steel and Torrie (1981).

Results

Total Green Foliage Weight (TGFW)

Total harvests of green foliage (TGFW) were significantly affected
(P<0.05) by the interaction of intensity and growth season for annual
grazing and by grazing and season for seasonal grazing in the first year.
In the second year, TGFW was affected only by season (Table 2). On the
average, the highest harvests were in winter. Grazing 50% yielded the
highest in both fall and winter, whereas increasing to 75% grazing was
highest in all seasons except fall. Annual grazing appeared to yield higher
TGFW than seasonal grazing.

Total Dry Foliage Weight

Total dry foliage weight (TDFW) was affected (P<0.05) by the interaction
of grazing intensity and season in the annual grazing trial, for both years.
These factors did not affect (TDFW) in the seasonal grazing trial (Table
2). On the average, the highest TDFW was recorded at the 75% grazing
intensity in the winter of both years. The 75% grazing intensity had the
highest TDFW except for fall of the first year and spring of the second
year. Increased grazing intensity increased TDFW (Table 4).

Culm Dry Weight
Estimates of culm dry weight (CDW) were affected (P<0.05) by the
interaction of grazing intensity and growth season in the first year, and by
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growth season for annual grazing in the second year (Table 2). Highest
estimates of CDW were recorded at the 75% grazing intensity in the
winter of both years. A 75% grazing yielded highest CDW for annual
grazing except in the fall (50% grazing was highest), whereas 50%
grazing yielded highest CDW for seasonal grazing (Table 5).

Leaf Dry Weight

Estimates of leaf dry weight (LDW) were affected (P<0.05) by the
interaction of growth season and grazing intensity in the first year and by
growth season in the second year of annual grazing. These factors had no
effect on LDW in the seasonal grazing trial (Table 2). Highest estimates
were recorded at the 75% grazing intensity in the winter of both years

(Table 6).

Total Leaf Area

Estimates of total leaf area (TLA) were affected (P<0.05) by growth
season in both years for both grazing types (Table 2). Within each year,
TLA increased progressively with plant age, except for seasonal grazing
in the second year, where TLA was highest in the fall. The summer TLA
was the lowest regardless of grazing type in both years (Table 7).

Specific Leaf Area

Specific leaf area (SLA) was affected (P<0.05) by growth season in the
first year for both grazing types and by grazing intensity for seasonal
grazing in both years (Table 2). Highest SLA was recorded for the winter
(about double) regardless of grazing type. For seasonal grazing, highest
SLA was recorded at 50% grazing intensity, regardless of the year (Table 8).

Nitrogen Content

Nitrogen content in the leaves, regardless of grazing type, was affected
(P<0.05) by the growth season, whereas that of the culms was affected
(P<0.05) by both growth season and grazing intensity for the first year
(Table 2). In the leaves, lowest estimates of N were recorded in the spring,
regardless of grazing type and effect. In the culms, highest estimates of N
were recorded in the fall and winter months at the 25% grazing intensity
(Table 9).
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Discussion

Estimates of TGFW, TFDW, CDW and LDW recorded for the annual
grazing trial in the second year appear higher that those recorded in the
first year, whereas estimates for TLA and SLA appear relatively higher in
the first year. Increase in TGFW in response to annual pruning was mostly
attributed to an increase in the number of auxiliary buds activated (Brown
and Palzkill, 1990). In a similar trial, Tag Eldin, (1993) indicated that
estimates of TGFW in Atriplex harvested in consecutive years were
statistically similar, whereas TFDW estimates harvested in the first year
were significantly higher than those recorded in the second.

Data in Tables 3 to 8 also revealed that differences among seasons
(annual grazing trial) were highly significant for TGFW, TFDW, CDW,
LDW and TLA in both years and for SLA in the first year, whereas those
recorded for the seasonal grazing trial except for TGFW, TLA and SLA,
were generally non-significant. Seasonal estimates of TGFW, TFDW,
CDW and LDW recorded for the annual grazing trial (i.e. pruning once a
year) progressively increased with plant age; whereas those recorded for
the seasonal (continuous) grazing trial seemed to progressively decrease
with plant age. Elsewhere, forage production was similarly reported to
vary with plant age, growth season and year (Stoddart er al.,, 1975,
Bartolome and Kasoas, 1982).

Jojoba is known to be a relatively slow growing shrub (Yermanos,
1982) and therefore, its ability to regenerate new vegetative growth under
continuous grazing is very much limited. Consequently under extended
periods of continuous grazing it becomes unproductive and it may
eventually die.

Effects of grazing intensity on TGFW, TFDW, CDW, LDW under
annual grazing practice (Tables 3 to 6) were generally significant in the
first year and non-significant in second; whereas those on TLA and SLA
were non-significant in both years. Effects of grazing intensity under
seasonal grazing practices on these parameters, except for those on
TGFW in the first year and on SLA in both years, were all non-significant
(Tables 3 to 8). Such trends, coupled with the lack of significant
interactions between grazing intensity and grazing season, especially in
the second year of the trials, indicate the ability of jojoba to regenerate
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new growth throughout the year after grazing. Total biomass regenerated
per year under annual grazing practices, especially at the high intensities
was, however, relatively higher than that accumulated under seasonal
grazing practices.

Reports in the literature indicate that the nutritive value of forages
varies tremendously between seasons (Cook et al. 1976; Parker, 1969;
Buchanan et al. 1972; Holechek et al. 1989; Tag Eldin, 1993; Osman and
Abo Hassan, 1998a, b). Similarly the present findings indicated that
estimates of N-content (protein) of jojoba leaves grazed on 21/9, 21/12
and 21/3 seemed higher than those grazed on 21/6, whereas in culms
highest estimates were recorded on grazing at 21/12 and 21/3.
Differences among seasons in N-content of both leaves and culms were
also reported by Osman and Abo Hassan (1998a, b) in Jojoba grown in
Western Saudi Arabia.  Thus, based on the present findings,
implementation of annual rotational grazing practices in managing
established Jojoba plots, would most likely ensure the availability of high
yields of high quality forage throughout the year.




Table 1: Absolute seasonal maxima and minima of temperature and relative humidity
at the experimental site in the periods 21/12/93 to 20/12/96

Season 1993/94 1994/95 1995/96
Temp. R. H. Temp. R.H. Temp. R.H.
°C) (%) C) (%) <) (%)
Winter (W) 6-40 22-98 10- 42 17- 100 24-41 42-97
Spring (Sp) 14 - 49 24-93 18 -49 19-95 25-47 40 - 98
Summer (S) 19-48 21 - 100 12-48 22-95 31-49 43-100
Fall (F) 14- 42 22-99 20- 46 21-95 22-44 60 - 100
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Table 2: Summary of significance for annual (A) and seasonal grazing (B) trials.

First year Second year
Season® Treatment Interaction Season Treatment Interaction
S) (¢ (SxT) ) (M (SxT)
A B A B A B A B A B A B
-
Total green foliage weight ¥ % ¥ Lk X% N.S e N.S N.S N.S N.S N.S
(TGFW)
Total dry foliage weight (TFDW) *x N.S *x N.S ** NS ko N.S N.S N.S * N.S
Culm dry weight (CDW) - N.S * N.S * *k K N.S N.S N.S N.S N.S
Leaf dry weight (LDW) *x N.S N.S N.S ol N.S ¥ N.S N.S N.S N.S N.S
Total leaf area (TLA) kd bk N.S NS N.S N.S * * N.S N.S N.S N.S
Specific leaf area (SLA) ks x4 N.S il N.S N.S N.S N.S N.S * N.S N.S
N-content (leaves) ok *k N.S N.S N.S N.S - - - - - -
N-content (culms) * * *J ** NS | NS - - J - = = -

a: A and B stand for Annaul Grazing and Seasonal Grazing trials, respectively.
*and ** : Significant at P< 0.05 and P< 0.01, respectively.
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Table 3: Effect of grazing (pruning) and season on total green foliage weight (TGFW)
(g) under three grazing intensities.

Grazing intensity First year : Second year
Date of grazing (pruning
Spring Summer | Fall Winter Average | Spring Summer | Fall Winter Average
21/6/94 | 21/9/94 | 21/12/94 | 21/3/95 21/6/95 | 21/9/95 | 21/12/95 | 21/3/96
A. Annual Grazing (Pruning)
+212.9%* +207.6* +877.5 +904.9
25% 323.8 264.9 258.4 294.1 285.3 547.9 1349.4 1327.7 1306.3 1132.8
50% 304.9 702.6 12894 2559.7 1139.1 1327.7 1695.5 19233 4734.7 24203
75% 1303.00 1076.9 825 3036.1 1560.3 1144.5 2524.4 2397.6 2624.7 2672.8
+122.09** +506.6%*
Mean (Season) 6439 [ 6815 | 791 [ 18633 |
Mean (Year) +994.9 +379.0 +2075.3
B. Seasonal Grazing (Pruning)

+1104 +75.3** +77.1 +99.9
25% 148.8 168.4 184.8 288.6 197.6 248.1 270.1 2149 314.7 262.1
50% 649.4 513.3 337.6 5354 508.9 323.7 158.6 1774 99.7 189.5
75% 497.0 203.8 227.8 338.9 316.9 212.1 153.5 171.1 101.7 159.5

+63.8** +39.5

Mean (Season) 4317 [ 2952 [ 2502 [ 3876 | 2613 | 1940 | 1878 17200 |
Mean (Year) +341.2 +25.3 +203.8

*and ** : Significant at P< 0.05 and P< 0.01, respectively.
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Table 4: Effect of grazing (pruning) and season on total foliage dry weight (TFDW)
(g) under three grazing intensities.

Grazing intensity First year ] Second year
Date of ing (prunin
Spring Summer | Fall Winter Average | Spring Summer | Fall Winter Average
21/6/94 21/9/94 21/12/94 | 21/3/95 21/6/95 21/9/95 21/12/95 | 21/3/96
A. Annual Grazing (Pruning)
_ +91.7%* +78.8* +266.5* +355.9
25% 110.2 142.5 91.2 300 160.9 236.8 540.1 621.7 826.5 556.3
50% 109.1 236.1 520.7 872.1 434.5 491.6 805.9 863/9 19243 10214
75% 545.8 4474 3228 1164.6 620.1 457.5 1120.3 1123.2 2923.3 1291.7
+52.9** +153.8*%*
Mean (Season) 25502 | 2753 | 3115 | 7789 | 3953 | 8221 | 869.6 [18914 |
Mean (Year) +405.2 +148.8*% +994.5
B. Seasonal Grazing (Pruning)
+48.8 +25.8% +52.5 +42.4
25% 477 58.7 60.4 99.3 66.4 218.7 1153 101.1 119.9 138.8
50% 253.9 204.4 118.7 2074 196.1 184.4 68.1 823 55.8 89.4
75% 236.2 69.4 125.7 120.8 138.1 121.9 65.7 794 41.9 76.8
+28.2 +474
Mean (Season) 1792 | 1109 | 1016 [ 1425 [ 1749 | 830 | 876 | 725 |
Mean (Year) +1335 +27.7 +104.5

*and ** : Significant at P< 0.05 and P< 0.01, respectively.
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Table 5: Effect of grazing (pruning) and season on culm dry weight (CDW) (g) under
three grazing intensities.

Grazing intensity First year J Second year
Date of grazing (prunin
Spring Summer | Fall Winter Average | Spring Summer | Fall Winter Average
21/6/94 | 21/9/94 | 21/12/94 | 21/3/95 21/6/95 21/9/95 | 21/12/95 | 21/3/96
A. Annual Grazing (Pruning)

+47.5*% +34.9*% +194.3 +210.6
25% 29.3 274 259 104.9 46.9 1556.3 179.2 226.5 315.8 2193
50% 29.1 100.4 189.1 361.8 172.6 289.2 291.7 323.8 1234.7 534.8
75% 229.9 1824 121.1 559.4 273.2 173.5 5133 473.9 1408.00 644.7

+27.4%* +112.2%*
Mean (Season) 995 [ 1034 | 1122 | 342.02 | 2097 | 3281 | 3414 [9864 [986.2
Mean (Year) +164,2 +87.2* +466.3
B. Seasonal Grazing (Pruning)
+18.8** +11.6 +176 +14.6
25% 12.8 19.8 14.7 26.7 28.6 80.8 33.9 43.5 35.1 46.1
50% 91.9 87.3 415 81.2 75.5 68.2 20.1 32.6 323 30.4
75% 46.7 31.8 45.00 50.6 435 45.1 23.5 38.1 32.1 34.7
+10.8% +17.1
Mean (Season) 50.5 463 | 337 | 528 | 647 | 258 [ 351 | 335 |
Mean (Year) +45.83 +103 +39.8

*and ** : Significant at P< 0.05 and P< 0.01, respectively.
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Table 6: Effect of grazing (pruning) and season on leaf dry weight (LDW) (g) under
three grazing intensities.

Grazing intensity First year Second year
Date of grazing (prunin
Spring Summer | Fall Winter Average | Spring Summer | Fall Winter Average
21/6/94 21/9/94 | 21/12/94 | 21/3/95 21/6/95 21/9/95 | 21/12/95 | 21/3/96
A. Annual Grazing (Pruning)

+50.5** +49.6* +161.9 +152.7
25% 80.8 115.1 65.2 216.9 119.5 94.7 360.9 395.2 510.7 3404
50% 69.9 135.7 313.6 568.9 272.1 2024 514.2 540.2 7129 492.4
75% 3159 265 201.6 693.5 369 114.1 606.7 649.3 1515.3 721.4

+29.2%* +93.5**

Mean (Season) 1556 | 1719 [ 1935 | 4931 [ 137.1 [ 4939 | 5282 [9129 [
Mean (Year) +253.5 +65.6% +518.1
B. Seasonal Grazing (Pruning)

+29.5 +16.6 +37.3 +29.2
25% 34.6 38.6 45.6 72.6 479 137.8 814 66.6 84.9 92.7
50% 161.6 117.03 772 124.5 120.1 116.2 48.1 49.7 21.9 58.9
75% 151.9 379 80.9 70.2 85.2 76.8 40.3 41.6 9.8 42.1

+17.1 +31.4
Mean (Season) 116.2 645 | 679 [ 891 ] 1103 | 567 [ 526 [ 389 |
Mean (Year) +84.4 +18.0 +64.6

*and ** : Significant at P< 0.05 and P< 0.01, respectively.
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Table 7: Effect of grazing (pruning) and season on total leaf area (TLA) (cm2) under
three grazing intensities.

Grazing intensity First year | Second year
Date of grazing (pruning
Spring Summer | Fall Winter Average | Spring Summer | Fall Winter Average
21/6/94 | 21/9/94 | 21/12/94 | 21/3/95 21/6/95 21/9/95 | 21/12/95 | 21/3/96
A. Annual Grazing (Pruning)
+302.9 +154.6 +83.6 +41.8
25% 219.1 140.5 237 898.8 3739 304.8 221.7 254.6 4004 2954
50% 230.3 203.7 4248 2200.1 764.7 388.8 264.96 317.5 630.3 400.4
75% 205.3 203.2 634.1 787.8 457.6 310.7 309.3 4254 566.4 403.1
+ 174.9%* +47.24*
Mean (Season) 2182 | 1825 | 4319 [ 12956 | 3348 | 2653 | 3325 [5325 |
Mean (Year) +532.1 +64.9 +366.3
B. Seasonal Grazing (Pruning)
+129.7 +49.7 +79.3 +64.5
25% 161.3 132.5 265.2 718.1 319.3 228.1 126.03 2344 142.00 182.6
50% 251.7 140.3 309.1 1074.6 443.9 408.3 182.00 438.1 116.3 286.2
75% 213.2 141.00 481.3 8103 4114 236.4 166.7 62.00 76.00 135.2
+74.8** +45.8*%
Mean (Season) 2088 | 1379 [ 351.8 | 8677 | 201.00 [ 15822 | 2448 | 1114 ]
Mean (Year) +391.5 +33.2%* +201.3

** : Significant differences at P< 0.01.

UBSSEH 0QY UB|[B1Y PUB UBWSQ “J UIASSNY

[N
\O
~




Table 8: Effect of grazing (pruning) and season on specific leaf area (TLA) (cm?/g)
under three grazing intensities.

Grazing intensity First year l Second year
Date of grazing (pruning)
Spring Summer | Fall Winter Average | Spring Summer | Fall Winter Average
21/6/94 | 21/9/94 | 21/12/94 | 21/3/95 21/6/95 | 21/9/95 | 21/12/95 | 21/3/96
A. Annual Grazing (Pruning)
+6.7 +3.1 +3.5 +1.1
25% 29.2 38.1 37.5 93.2 49.5 303 32.00 37.6 34.6 33.6
50% 33.6 42.8 39.2 64.5 45.1 30.8 27.9 29.3 377 314
75% 27.8 36.4 39.5 89.4 48.3 36.4 32.6 455 28.3 35.7
£3.9%* +2
Mean (Season) 30.2 390 | 381 | 84 | 325 | 308 | 374 ]335
Mean (Year) +47.6 +].4%* +33.6
B. Seasonal Grazing (Pruning)
+84 +1.5% +7.7 +2.6*
25% 29.2 50.2 44.8 74.9 49.8 337 322 33.2 42.5 354
50% 40.00 39.5 542 105.5 59.8 39.6 46.7 49.7 44.5 45.1
75% 30.1 41.6 58.13 86.3 52.6 383 504 233 253 343
+4.8%* +4.5
Mean (Season) 33.1 438 | 504 | 889 | 372 [ 431 [ 354 | 374
Mean (Year) +54.03 +1.2%* +38.3

*and ** : Significant differences at P< 0.05 and P< 0.01, respectively.
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Table 9: Effect of grazing (pruning) and season on N-content (%) of leaves and culms
under three grazing intensities.

Grazing intensity Leaves I Cuims
Date of grazing (pruning
Spring Summer | Fall Winter Average | Spring Summer | Fall Winter Average
21/6/94 | 21/9/94 | 21/12/94 | 21/3/95 21/6/94 | 21/9/94 | 21/12/94 | 21/3/95
A. Annual Grazing (Pruning)

+0.23 +0.11 +0.12 +0.06

25% 2.03 3.25 3.24 2.99 2.88 1.38 2.12 2.61 243 2.14

50% 1.96 3.33 295 3.10 2.83 1.20 1.70 2.60 2.38 2.00

75% 1.79 2.81 2.84 3.00 2.61 1.10 1.63 2.10 2.38 1.80

+0.127** +0.15*
Mean (Season) 1.93 313 | 302 | 303 | 1.22 180 | 242 [240
Mean (Year)
B. Seasonal Grazing (Pruning)
+0.1 +0.06 +0.2 +0.07**

25% 2.13 3.10 3.10 3.12 2.84 1.32 1.86 242 2.60 2.05

50% 2.15 3.10 2.93 324 2.86 1.11 1.72 2.39 2.46 1.92

75% 2.00 3.20 2.73 3.30 3.00 1.11 1.65 1.68 2.40 1.70

+ 0.06** +0.12*
Mean (Season) 2.08 310 | 291 | 322 | 1.81 174 | 274 | 216 | 249
Mean (Year)

*and ** : Significant differences at P<0.05 and P< 0.01, respectively.
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