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Abstract

Background and objectives

The study of vegetation changes under habitat protection conditions has a significant role in
rangeland management. The studies confirm that permanent changes in rangelands in terms of
plant composition, canopy cover, and forage production are influenced by ecological and
management factors. This research was conducted to investigate and monitor the plant vegetation
indices of semi-steppe rangelands of central Zagros for five years (2016-2020) at the Zayandehrud
watershed management research site (Isfahan province).

Methodology

Vegetation sampling was performed by a systematic random method in each exclosure and grazed
site during 2016-2020. Vegetation characteristics, including the percentage of canopy cover of
species, the percentage of gravel, bare soil, and litter were determined in each plot. For this
purpose, four 100-meter segments were used. Then, ten plots (with 1 x 1-meter dimensions) were
established with the same distance. In total, vegetation cover was measured in 80 plots of one
square meter in exclosure and grazed sites. To calculate rangeland production, ten samples of
each plant species were collected, and their canopy cover percentage was measured. After drying
and weighing the samples, by establishing regression equations between the canopy cover
percentage and the weight of the dried samples, the amount of production of plant species was
determined separately for growth form and palatability class. Rangeland's condition was also
evaluated according to the four-factor method and by scoring the factors of soil, vegetation, plant
composition and age classes, and plant vigor. After collecting the data in Microsoft Excel, the
variance analysis for the vegetation traits was done as a completely random design in a factorial
format. This was done through the GLM (General Linear Model) method. Tukey's test
investigated vegetation traits mean comparison in MINITAB 16 software.

Results
The analysis of variance showed a significant difference between vegetation indices, including
total canopy cover and production, separately for growth form and palatability class. This was in
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the exclosure and grazed sites during the assessment period. The average percentage of canopy
cover in exclosure sites during different years was 26.7%, 13.7%, 25.84%, 33.74%, and 13.33%.
In grazed sites, it was 22.33%, 12.65%, 27.09%, 30.9%, and 11.59%, respectively. Total
production at the exclosure site during different years was 624.26, 349.86, 556.79, 894.54, 664.53
kg/ha. Production at the grazed site was 456.45, 243.85, 455.6, 605.47, and 323.44 kg/ha,
respectively. The highest values of canopy cover and production belonged to 2019, which was a
wet year based on meteorological indices. The lowest canopy cover and production were assigned
to 2017 (a drought year). The highest amount of litter was found at the exclosure site. The highest
percentage of bare soil and annual plant canopy cover was obtained from the grazed site. The
highest percentage of canopy cover and production in the exclosure site belonged to Stipa
hohenackeriana. At the grazed site, Hedysarum criniferum and Stipa hohenackeriana accounted
for the highest canopy cover and production, respectively. According to the four-factor method,
the rangeland condition at the disclosure site was fair in 2016, 2018, and 2019 and poor in 2017
and 2020. At the grazed site, the rangeland condition was fair in 2018 and 2019 and poor in the
rest of the years.

Conclusion

The comparison of vegetation parameters inside and outside the exclosure shows the good
condition of vegetation inside the exclosure. It also shows the effectiveness of the exclosure in
rangeland rehabilitation. Balanced livestock grazing on the vegetation caused no significant
difference between vegetation characteristics, such as canopy cover in the exclosure and grazed
sites. Continuous evaluation and monitoring of rangelands through creating a regular database of
vegetation indicators and investigating their changes under different managements. This
investigation of their relationship with climatic factors can provide the necessary background for
fundamental rangeland planning and management.

Keywords: Monitoring, vegetation cover, grazing conditions, range management.
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Figure 1- The location of the watershed research site of Zayandehroud dam in Isfahan province
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Table 1- Canopy cover and production of plant species in plant composition of Zayandehrud watershed management research site (2016-2020)

Growth form Qg]ﬁs Eclosure / Canopy cover(%) Production (kg/ha)
Plant species (Grass, Shrub, o 1397 1399 1400 1397 1399 1400
Forb) é?gr?r?izll') Grazing site 1396wet Drought 1398wet wet Drought 1396wet Drought 1398wet wet Drought
Astragalus oveloohvilus Forb oremial | EXClosure 1.13 0.29 187 175 077 5942  10.73 6467 13409  27.89
galus cyclopny Grazing 2.68 0.61 154 182 110 16045 2294 4516 11521 3721
. Exclosure 2.16 0.64 217 197 091 6416 2748 6136 7698  21.40
Astragalus effusus Forb Prennial "1 azing 0.72 0.24 105 03 029 2205 1679 2803 626  6.71
. . Exclosure 0.10 0.07 127 212 047 4.28 1.62 3995 7870 2857
Hedysarum criniferum Forb Prennial -~ -7ing 2.7 0.29 3.6 57 041 5947 879 11782 20926  17.23
. . Exclosure 0.22 0.21 1.29 1.15 0.40 3.42 - - 33.35 10.23
Silen arbuscula Forb Prennial 5 2zing 142 0.01 037 222 047 2188 - - 6597  13.07
. Exclosure 0.67 - 0.5 217 26.46 - - 97.70 -
Astragalus caragana Forb Prennial Grazing ) 0.02 025 ) ) ) ) 11.62 ) )
. . . Exclosure 1.24 0.17 102 229 027 3249 1245 1214 17697  9.72
Onobrychis melanotrica Forb Prennial -~ -7ing 0.22 0.19 077 012 017 460 1378 863 637 632
. . . Exclosure 10.05 3.35 3.95 35 4.7 346.12 28856  311.09 209 512
Stipa hohenackeriana Grass Prennial " 2zing 3.2 2,02 262 242 222 13772 17161 18021 15478 22025
. Exclosure 1.43 0 456 357 012 61.41 5376  57.18 8.26
Poa bulbosa Grass Prennial 1 azing 0.68 004 310 177 0 3535 274 4520  38.38
Seariola orientalis Forb bremial | EXclosure 0.10 0.07 026 047 045 5.55 3.05 890 2242 3073
Grazing 0.24 0.05 027 012  0.20 11.62 0.99 1433 585 12.22
. Exclosure 0.03 0.12 007 0.12  0.10 1.78 7.94 3.65 5.23 571
Noaea mucronata Forb Prennial & ozing 0.07 0.15 005 007  0.20 3.08 6.21 231 3.28 8.51
. Exclosure 15 - 005 007 032 19.15 - 1.27 2.92 10.02
Peterocephalus canus Forb Prennial Grazing : ] 007 0.05 ) ) 598 N 191
Astragalus verus Shrub Prennial  EXclosure 0.17 3.2 0.61 3.12 0.5 ) ) ) ) )
g Grazing 0 2.67 020 075 015 - - - - -
: . Exclosure 0.97 4.1 037 222 122 - - - - -
Astragalus rhodosemius Shrub Prennial Grazing 067 010 0 022 0.02 ) ) ) ) )
. . Exclosure 0.87 0 0.27 0 0.65 - - - - -
Acanthophyllum microcephalum Shrub Prennial Grazing 070 3.87 347 435 16 ] ] ) ) )
Exclosure 0.62 0.67 3.31 1.34 0.17 - - - - -
Annual forb Forb Annual e azing 1.27 0.77 359 192  0.36 - - - - -
Exclosure 0.45 0.15 117 2.75 0.14 - - - - -
Annual grass Grass Annual

Grazing 3.65 0.57 2.06 3.6 0.39 - - - - -
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Table 2- Scores of rangeland condition factors based on four- factor method

Rangeland condition Score (Exclosure)

Score (Grazing)

factor/year 1396 1397 1398 1399 1400 1396 1397 1398 1399 1400
Soil factor 16 16 16 16 16 16 16 15 16
Vegetation factor 4 2 4 2 3 2 4 5 2
Plant composition and 7 2 6 5 5 2 5 5 4

age classes

Plant vigor 5 4 8 4 5 4 8 7 4
32 24 34 33 27 27 24 33 32 26

Total scores (fair) (poor) (fair) (fair) (poor) (poor) (poor) (fair) (fair) (poor)
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Table 3-Analysis of variance for vegetation traits in Exclosure and Grazing sites during 2016-2020

Source of Cover of class | Cover of class Cover of class . Annual
. Df Total cover Grass cover Forb cover Shrub cover Perennial cover
variance Il 1l cover
Year 4 600.53"" 69.55™ 303.55™ 50.55™ 100.63™ 32.2° 172.25™ 363.00™ 34.24™
Site 1 32.00m™ 42.33" 0.2m 0.16™ 1.75"™ 80.06™ 21.29m 106.28™ 21.65™
Year*site 4 9.07m 3.73m 1.11m 3.24m 2.93m 10.93™ 4.67" 21.07m 3.87™
error 30 10.05 5.97 4.48 5.58 5.08 8.31 8.76 10.13 2.62
Total error 39
¥ Ui asls
Continued table 3
Source of . Grass Forb Production Production of Production of . .
. Df Total production . . Litter Bare soil Gravel
variance production production of class | class Il class 111
Year 4 2078.9" 266.2" 2466.6™ 1971.1* 402.2" 50.45™ 76.28™ 127.84™ 39.78"
Site 1 4041.5™ 2965.7" 83.1m 83.5™ 2571 13.90™ 339.60™ 850.62"" 25.81m
Year*site 4 237.3™ 172.5™ 251.1" 263.4" 208.1™ 2.43" 18.33™ 15.90m 24.94ms
error 30 183.9 101.5 87.4 106.7 111.6 0.93 10.97 26.57 13.71
Total error 39

Site: Exclosure and Grazing



Table 4-Mean comparison of vegetation traits over 2016 to 2020

Year Total cover(%) Grass cover(%) Forb cover(%)  Shrub cover(%) Cover(g/:)class I Cover ((3;0)0 lass 11 Cover (()(;)(;Iass I Eg\r/eer:?o'/?)l cﬁx?zenrlz;: )
1396 24.46+1.12° 9.73+0.862 13.00+0.75° 1.72+0.83b 5.62+0.79b 8.60+1.02a 10.25+1.05bc 21.47+1.12°  2.99+0.57%
1397 13.18+1.12°¢ 3.18+0.86" 2.92+0.75°¢ 7.07+0.83? 1.39+0.79¢ 3.05£1.02b 8.73+1.05cd 12.09+1.12¢  1.08+0.57*¢
1398 26.47+1.12° 8.82+0.86% 15.12+0.75% 2.52+0.83° 7.39+0.79ab 4.86+1.02ab 14.22+1.05ab 21.43+1.12°  5.04+0.572
1399 32.32+1.122 8.87+0.86% 17.17+0.752 6.27+0.83? 9.93+0.79a 5.89+1.02ab 16.50£1.05a 27.51+1.122 4.81+0.572
1400 12.51+1.12¢ 4.57+0.86° 5.74+0.75°¢ 2.19+0.83P 2.27+0.79c 5.54+1.02ab 4.69+1.05d 11.98+1.12¢ 0.53+0.57°¢
Site
Exclosure 22.68+0.71 8.07+0.55a 10.72+0.47 3.89+0.53 5.53+0.50 7.00+0.642 10.15+0.66 20.53+0.712  2.15+0.36°
Grazing 20.89+0.71 6.00+0.55b 10.860.47 4.02+0.53 5.11+0.50 4.17+0.64° 11.61+0.66 17.27+0.71°  3.63+0.36%
Year*Site
1396  Exclosure 26.70+1.58 11.93+1.22 12.72+1.06 2.05+1.18 5.35+1.13 12.02+1.44 9.33+1.48 25.64+1.59 1.07+0.81
1396 Grazing 22.23+1.58 7.53£1.22 13.29+1.06 1.40+1.18 5.88+1.13 5.18+1.44 11.174£1.48 17.31+1.59 4.92+0.81
1397  Exclosure 13.70£1.58 3.62+1.22 2.67£1.06 7.40£1.18 1.27+£1.13 3.81+1.44 8.62+1.48 12.88+1.59 0.82+0.81
1397 Grazing 12.65+1.58 2.74+1.22 3.16+1.06 6.75+1.18 151+1.13 2.30+1.44 8.84+1.48 11.30£1.59 1.35+0.81
1398  Exclosure 25.84+1.58 9.69+1.22 14.79+1.06 1.36+1.18 7.31£1.13 6.29+1.44 12.24+1.48 21.35+1.59 4.49+0.81
1398 Grazing 27.09+1.58 7.96£1.22 15.46+1.06 3.67£1.18 7.46£1.13 3.42+1.44 16.21+1.48 21.51+1.59 5.59+0.81
1399  Exclosure 33.74+1.58 9.82+1.22 17.74+1.06 6.17+1.18 11.16£1.13 6.42+1.44 16.15+1.48 29.65+1.59 4.09+0.81
1399 Grazing 30.90+1.58 7.92+1.22 16.60+1.06 6.37£1.18 8.70£1.13 5.35%£1.44 16.85+1.48 25.37+1.59 5.52+0.81
1400  Exclosure 13.42+1.58 5.26+1.22 5.69+1.06 2.47+1.18 2.55+1.13 6.47+1.44 4.40+1.48 13.11+£1.59 0.31+0.81
1400 Grazing 26.70£1.58 11.93+£1.22 12.72+1.06 2.05+1.18 5.35+1.13 12.02+1.44 9.33+£1.48 25.64+1.59 1.07+0.81
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Continued table 4
Forb Production of ~ Production of  Production of Litter (%) Bare soil Gravel (%)
Year Total production (kg/ha) Grass production (kg/ha) production class | class I class 111 (%)
(kg/ha) (kg/ha) (kg/ha) (kg/ha)
1396 54.04+4.79° 29.03+3.56 25.00£3.30b  21.67+3.65b  27.53%3.73ab 4.84+0.34a 497+1.17° 61.12+1.82%  9.45+1.31%
1397 29.69+4.79¢ 23.15+3.56 6.54+3.30c 5.73+3.65¢ 23.82+3.73b 0.14+0.34b 10.92+1.17*  65.90+1.82%  10.00+1.31%
1398 50.62+4.79° 29.51+3.56 21.11+3.30b  19.47+3.65bc  26.20+3.73ab 4.95+0.34a 4.90+1.17° 62.01+1.82%  6.62+1.31P
1399 75.00+4.792 22.97+3.56 52.03+3.30a  45.08+3.65a  25.15+3.73b 4.78+0.34a 4.60+1.17° 56.06+1.82°  7.02+1.31%
1400 49.40+4.79° 37.02+3.56 12.3743.30bc ~ 7.75+3.65bc  41.23+3.73a 0.41+0.34b 9.91+1.178  65.56+1.828  12.02+1.312
Site
Exclosure 61.8+3.032 36.95+2.252 24.85+2.09 21.384+2.31 36.80+2.362 3.61+0.212 9.97+0.74°  57.52+1.15° 9.83+0.83
Grazing 41.70+3.03° 19.73+2.25° 21.97+2.09 18.49+2.31 20.77+2.36° 2.43+0.21° 4.15+0.74>  66.74+1.15° 8.22+0.83
Year*Site
Exclosure 62.43+6.78 40.75+5.04 21.67+4.67¢  18.68+5.16 37.6045.28 6.14+0.48a 6.67+1.66 54.37+2.58 12.27+£1.85
Grazing 45.6546.78 17.31+5.04 28.34+4.67¢  24.66+5.16 17.45+5.28 3.53+0.48b 3.27+1.66 67.88+2.58 6.63+1.85
1397 Exclosure 34.9946.78 28.86+5.04 6.13+4.67¢ 5.2345.16° 29.76+5.28 0+0.48¢ 15.65+1.66  60.58+2.58 10.07+1.85
Grazing 24.3946.78 17.44+5.04 6.95+4.67¢ 6.2345.16° 17.88+5.28 0.27+0.48°¢ 6.20+1.66 71.23+2.58 9.92+1.85
1398 Exclosure 55.68+6.78 36.49+5.04 19.19+4.67°¢  17.81+5.16 32.49+45.28 5.38+0.48 6.95+1.66 58.56+2.58 8.65+1.85
Grazing 45.5616.78 22.54+5.04 23.02+4.67¢  21.13+5.16% 19.92+45.28 4.52+0.48% 2.85+1.66 65.46+2.58 4.60+1.85
1399 Exclosure 89.45+6.78 26.62+5.04 62.84+4.672  56.44+5.16a 27.2945.28 5.72+0.48% 6.30+1.66 52.11+2.58 7.85+1.85
Grazing 60.54+6.78 19.32+5.04 41.22+4.67®  33.7145.16%® 23.0045.28 3.84+0.48% 2.90+1.66 60.00+2.58 6.20+1.85
1400 Exclosure 66.45+6.78 52.03+5.04 14.43+4.67°¢ 8.76+5.16° 56.87+5.28 0.82+0.48¢ 14.30+1.66  61.98+2.58 10.30+1.85
Grazing 32.35+6.78 22.02+5.04 10.32+4.67¢ 6.74+5.16° 25.60+5.28 0+0.48° 5.51+1.66 69.15+2.58 13.75+1.85
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