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Abstract. Atriplex species could be utilized for range improvement in arid, semiarid and saline lands.
These could be browsed nearly the year around. This study was aimed at evaluating the nutritive-value
parameters of seven Atriplex species around the year in the field conditions.

The species studied were Atriplex halimus, A. nummularia, A. undulata, A. canescens, A. lentiforms,
A. polycarpa and A. leucoclada. Samples were defoliated every two months through two years. Nutritive-
value parameters estimated were the percentages of dry matter, carbohydrate, protein and fiber.

Results showed that highest percentages were for dry matter in October, carbohydrate in August,
protein in April and fiber in December. The lowest percentages were in December for dry matter, car-
bohydrae and protein, and in June for fiber.

A. halimus had the highest dry matter and fiber, A. nummularia had the highest carbohydrate, while,
A. polycarpa had the highest protein.

Introduction

Shrub species are major components of arid and semiarid rangelands through out the
world and are important sources of forage (browse) for domestic and wild herbivores
[1]. In most Arab countries, research is being directed towards both native and intro-
duced species that have evolved and adapted to the harsh semiarid and arid environ-
ments [2], where inadequate water supplies limit agricultural development. On these
dry sites, introduced species could be established without affecting current food and
fiber production [3]. Browse, however, is considered important in low rainfall areas
as a reserve feed in times of drought [4]. The traditional land management scheme
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could be improved by maintaining or increasing dry season forage production, con-
trolling re-growth of undesirable species, and maintaining or enhancing environmen-
tal stability [5].

Forage production varies within and among species, with age of the plant, sea-
son of the year, among years, and with site [6]. It was suggested that managers should
consider grazing Lehman love grass in late spring and summer because live biomass,
crude protein, phosphorus, and organic matter digestibility peak in those seasons [7-
9.

The chemical composition and harvestable yields of plant materials are strongly
associated with the phenological stages of the plants. Kelsey ez al., [3] broke down
the yearly cycle of sagebrush into four periods, the primary growth of spring, secon-
dary grwoth and differentiation in the summer, reproduction in the fall and a winter
quiescence. The monthly timing of these stages may vary depending on species and
sub-species, environmental, and climatic conditions [10-12].

Hickman [13] and Kelsey [3] found that crude protein and total non-structural
carbohydrates in the sagebrush foliage were high in the June samples, decreased dur-
ing the summer and rose again in December as the plants entered their winter dor-
mancy.

The objective of the present study was to determine the nutritive quality of
seven species of Atriplex around the year in the central region of Saudi Arabia.

Materials and Methods

This study was carried out in El Muzahimya Research Station of the Centre for
Desert Studies, King Saud University, 50 km. west of Riyadh. The climate is sub-
tropical hyper-arid type. Annual precipitation average totals about 100 mm. The soil
was defined as a Torripsamment soil with a deep profile and a sandy loam texture,
calcareous; very low in organic matter content, alkaline in reaction with electrical
conductivity ranging from 0.8 to 3.8 m. mohs, and a gypsum content ranging from 2.6
to 3.5% [2].

The species evaluated in this study were Atriplex halimus L., A. nummularia
Lindley, A. canescens James, A. undulata Dieter., A. lentiformis (Torr.) S. Wats, A.
polycarpa S. Wats, and A. leucoclada Boiss. A. halimus and A. leucoclada are local
endangered shrubs, while the other five species are exotic.

Six month old seedlings of different species were transplanted in the last week of
March 1989. Plants were spaced 2 m apart and were irrigated with artesian water (sa-
linity about 5000 ppm) monthly in summer and every two months in winter. After the
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establishment of plants, three shrubs from each species were randomly selected for
sampling. Foliage samples were defoliated bi-monthly from February 1991 till
December 1992. The experimental design was split plot design with three replicates
for each year. The species were assigned to the main plots, whereas the time of defoli-
ation was assigned to the sub plots.

Samples were washed with distilled water, air dried at 65°C, ground in a Wiley
mill through a 1 mm. mesh screen, and stored in sealed jars for analyses. Plant sam-
ples were analyzed to determine the percentage of dry matter (DM), total carbohyd-
rate, crude protein (CP), and acid detergent fiber. DM % was calculated from fresh
sub-samples of approximately 100 gr dried at 65°C, and weighed. Total carbohydrate
was determined by the iodometric method of shaffer and Hartmann modified by
Noakell and El Gawadi [14]. Crude protein (N X 6.25) was determined by the AOAC
method [15]. Fiber % was determined according to the procedure described by Van
Soest et al., [16].

Analyses of variance were performed using the SAS statistical package [17, pp.
119-138] and means were compared with Duncan’s multiple range test at 1 % level
[18, pp. 377-400], for each year and the two years average.

Results and Discussion

The influence of Atriplex species and defoliation date on nutritive value
parameters for both years and their averages are concluded in Table 1. All sources of
variance for all nutritive parameters, either in the first or the second year, were highly
significant, except the interaction between species and date of defoliation in the first
year, which was significant only at the 5% level. For the two years’ averages, there
was highly significant variance between the first and the second year in DM % and
fiber %, while the differences were not significant for carbohydrate % and protein
% . It can be noticed that any interaction with years was not significant for all nutritive
parameters, while the other interactions were highly significant.

Percent dry matter (DM)

The effect of date of defoliation on DM for seven Atriplex species in each year
and the two years average are presented in Table 2. DM % of the second year (39.6)
was significantly higher than that for the first year (38.4). There were significant dif-
ferences between species for both years and the two years average. For the two years
average, A. halimus had the highest DM % (46.4) followed by A. leucoclada (40), A.
nummularia and A. undulata (39.2), A. polycarpa (38.2), A. canescens (36.1) and A.
lentiformis (34). The same trend was obtained for both years. It was noticed that the
local species, A. halimus and A. leucoclada, had higher DM % than the exotic

species.
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Table 1. Nutritive value parameters as influenced by Atriplex spp. and date of defoliation.

First year
Source D.f. D.M.% Carbohy. Protein Fibers
Species 6 ¥k * %k * % *k
Date 5 ¥ ¥ ** *k
Spp. X date 11 4 ¥ L f
Second year
Species 6 ** * X ** *%
Date 5 ** * ¥ **x *%
Spp. X date 11 = ** £ **
Two years average
Species 6 ** ** ** **
‘Date 5 *% ** *% **
Spp.xda[e 30 ** ** x* * ¥
Year 1 X N.S. N.S. ik
Spp. X year 6 N.S. N.S. N.S. N.S.
Date X year 5 N.S. N.S. N.S. N.S.
Spp. X date 30 N.S. N.S. N.S. N.S.
Xyear
D.F. = Degree of freedom D.M.% = Dry matter percentage

Carboh % = Total carbohydrate percentage
N.S. = not significant.

* = Significant at 0.05 level.

** = Significant at 0.01 level.

There were highly significant differences for DM % between dates of defolia-
tion. It increased gradually from February till October then dropped in December.
For the two years’ average, the highest DM % was found in October (46.9) and the
lowest value in December (31.4). This drop may be due to the low DM % in the small
new leaves- after the first rainfall. The harvestable yields of plant materials are
strongly associated with the phenological stages of the plants [3].

The interaction between species and defoliation dates was highly significant.
The highest DM % for all studied species were in October, While the lowest in
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Table 2. Dry mater % as affected by Atriplex spp. and date of defoliation.

First year

Spp. A. A. A. A. A. A. A. Mean*
Month halimus numm. undulata casnc. lentifor. polyca. leococ.

February 427c¢  34.0cd 393bc  35.0b 28.0c 36.3¢ 30.2d 35.1d
April 44.0c  38.7bc  36.0c 36.7ab  30.3c 34.0c 31.3d 35.9d
June 47.3bc  394bc  37.7c¢ 35.7b 35.0b  36.7bc  41.3c¢ 39.0c
August 52.3ab  44.0ab  41.7b 41.0a  38.3ab  40.7b 48.3b 43.8b
October 55.0a 46.3a 47.0a 35.7b 42.0a 46.7a 53.7a 46.6a
December 31.0d 29.0d 30.4d 28.7¢ 36.7¢ 34.0c 32.3d 30.3e
Mean** 454A 38.6B 387B 355C 334D 38.1B 39.5B 38.4B

Second year

February 43.8¢ 35.4d 389¢ 36.1b  29.3cd 36.6¢ 31.3e 35.9d
April 44.6bc 39.6¢ 37.6c 38.1ab  31.5c 353c¢  33.1de 37.1d
June 48.6b  42.4bc 38.4c 36.6b 36.9b  37.5bc  41.7c 40.3c¢
August 53.3a 44.5ab  42.6b 41.2a 39.5ab 41.6b 49.2b 44.6b
October 55.9a 46.5a 48.1a 37.1b 43.1a 46.4a 52.9a 47.1a
December 38.3d 30.6e 32.7d 30.9c¢ 27.7d 329c 34.9d 32.6e
Mean** 47.4A 39.8BC 39.7BC 367D 347A 384C 40.5B 39.6A

Two years average

February 43.3¢ 34.7¢ 39.1¢ 35.6b  28.6de  36.5¢ 30.8e  35.5d
April 44.3c 39.2b 36.8d 37.4b 30.9d 34.7c¢d 32.2de  36.5d
June 48.0b 409b  38.1cd 36.2Db 36.0c 37l 41.5¢ 39.7¢
August 52.8a 44.3a 42.2b 41.1a 38.9b 41.2b 48.8b 44.2b
October 55.5a 46.4a 47.6a 36.4b 42.6a 46.5a 53.3a 46.9a
December 34.6d 29.8d 31.6e 29.8¢ 27.2e 33.4d 33.6d 314e
Mean** 464A 392BC 39.2BC 36.1D 340E 382C 40.0B 39.0

* Means in e ach column with the same small leter are not significantly different at 0.01 level.
** Means in each row with the same capital leter are not significantly different at 0.01 level.

December, except for A. canescens which had the highest DM % in August (41.4).

Total carbohydrate content

Total carbohydrate % of different Atriplex species and the effect of defoliation
date in two years and the two years average are presented in Table 3. Carbohydrate
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% for the two years’ average reached 25.8%, and there was no significant difference
between the two years’ means.

Table3. Total carbohydrate % as affected by Atriplex spp. and date of defoliation.

First year
Spp. A. A. A. A. A. A. A. Mean*
Month halimus pumm. undulata casnc. lentifor. polyca. leococ.
February 33.1a 29.6ab 28.3a 24.1bc 28.2abc 23.1c 24.0abc 27.2b
April 26.5b 28.2b  22.3bc  23.3bc  259bc  24.2¢c  249ab  25.0c¢
June 25.6b  30.3ab 27.1ab 24.6b 26.1abc  23.5c¢ 20.3¢ 25.4c¢
August 26.7b 32.6a 26.8abc 28.6a 29.8ab  31.2a 27.0a 29.0a
October 26.9b 32.8a 22.7abc 23.8bc 32.1a 28.3b 23.4abc  27.1b
December 17.2¢ 22.7¢ 21.0¢ 209¢ 22.5¢ 23.4c¢  22.7bc  21.5d
Mean** 260BC 294A 247CDE 242DE 274B 256CD 23.7E 25.9

Second year
February 323a 29.4ab  28.4a  243bc 284ab 23.7c 24.8ab  27.3b
April 25.3b 26.7b  22.8bc  24.1bc  25.3bc  23.5¢ 24.7ab  24.6¢
June 245b  30.0ab 27.4ab  25.1b  253bc  23.6¢ 21.0b 25.3c¢
August 26.1b 32.3a 26.7abc  30.0a 30.0ab 31.6a 279a 29.2a
October 25.6b 326a 21.9¢cd 24.5bc 31.2a 28.4b 23.2b 26.8b
December 18.5¢ 22.1c 20.8d 20.3¢ 23.4c¢ 23.5¢ 22.8b 21.6d
Mean** 254CD 28.8A 247CD 247CD 273B 257C 241D 25.8

Two years average

February 32.7a 29.5bc 28.3a 24.2b 28.3ab 23.4c¢ 24.4b 27.3b
April 259b 27.5¢ 22.6b 23.7b 25.6be 23.9¢ © 24.8ab 24 8¢
June 25.1b 30.1b 27.3a 24.8b 25.7bc 23.5¢ 20.6¢ 25.3¢
August 26.4b 32.5a 26.7a 29.3a 29.9a 31.4a 27.5a 29.1a
Qctober 26.3b 32.7a 22.3b 24.2b 31.7a 28.4b 23.3bc 27.0b
December 17.9c¢ 22.4d 20.9b 20.6¢ 23.0c 23.5¢ 22.8bc  21.6d
Mean** 25.7C 29.1A 24.7CD 245D 27.3B 25.7C 239D 25.8

* Means in each column with the same small leter are not significantly different at 0.01 level.
** Means in each row with the same capital leter are not significantly different at 0.01 level.
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There were highly significant differences for carbohydrate content between dif-
ferent species. With respect to the two years’ average, A. nummularia (29.1) had the
highest carbohydrate % followed by A. lentiformis (27.3), A. halimus and A.
polycarpa (25.7), A. undulata (24.7), A. canescens (24.5) and A. leucoclada (23.9),
respectively. Nearly the same trend was obtained for each year.

Dates of defoliation affect carbohydrate % significantly for all species in each
year and the two years’ average. For the two years average, defoliated samples in
August had the highest carbohydrate while in December had the lowest percentage.
The same trend was observed for each year. Carbohydrate % was low in December
when the new branches and leaves began to grow after the beginning of rainfall sea-
son; then it increased gradually till August. After August, the carbohydrate %
decreased gradually: this might be due to the translocation from terminal leaves and
branches to other parts, before the shrubs start shedding their leaves.

The interaction between species and defoliation date was highly significant.
Most of the species had the highest carbohydrate % in August, and the lowest in
December, except the two local species (A. halimus and A. leucoclada ). A. halimus
had the highest carbohydrate in Feb. (32.7) and A. leucoclada had the lowest car-
bohydrate % inJune (20.6). For different species, the defoliation date trend is nearly
the same in each year and the two years’ average.

Crude protein content

The effect of Atriplex species and defoliation date on crude protein % of the cur-
rent year growth for two years and their average are concluded in Table 4. The two
years’ average of protein % was 14.7 %. There were no significant differences
between the two years means.

There were highly significant differences between different Atriplex species in
their protein %. For the two years’ average, A. polycarpa had the highet protein %
(18.1), followed by A. nummularia (18), A. lentiformis (17.4), A. canescens (16.1),
A. leucoclada (11.8), A. halimus (11.5) and A. undulata (10.4), respectively. The
same trend can be nearly noticed for each year.

Defoliation dates influenced significantly the crude protein % in each year and
the two years’ average. In the two years average, protein % of current year growth
defoliated in April (17.1) was the highest, followed by June (15.9), February (14.9),
August (14.7), October (13.6) and December (12.2), respectively. Nearly, the same
trend was found in each year.

The interaction between Atriplex species and defoliation date was highly signif-
icant. For the two years’ average, all the species had the highest crude protein % in
April, except A. nhummularia (Feb. 20.2) and A. lentiformis (Feb. 20.6). For the last
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Table4. Crude Protein % as affected by Atriplex spp. and date of defoliation.

First years
Spp. A. A. A. A. A. A. A. Mean*
Month halimus numm. undulata casoc. lentifor. polyca. leococ.
February 7.5¢ 20.0a 10.4ab 15.3 21.1a 17.6b  124bc  14.9bc
April 14.5a 19.5ab 12.5a 17.5 19.8a 21.6a 14.7a 17.2a
June 13.4a 17.9abc 11.3ab 16.4 17.1b 20.4a 13.2ab 15.7b
August 129a 16.9bc  10.7ab 15.6 16.9b 177b  11.8bc  14.7c
October 10.8b 16.3¢ 9.8b 15.1 15.6bc  16.2bc 10.4¢ 13.5d
December 8.0c 16.7¢ 72c¢ 14.7 14.1¢ 15.0¢ 8.2d 12.0e
Mean** 112DC 179A 103D 15.8B 174A 181A 11.8C 14.6

Second year
February 8.6d 203a  10.8ab 15.8 20.1a 17.8b  11.6bc  15.0b
April 15.0a 19.3ab 11.4ab 17.7 19.9a 21.4a 14.4a 17.0a
June 14.3ab 18.7abc  12.3a 17.0 17.5b 20.3a . 13.6ab  16.2a
August 13.0bc 16.7¢  11.0ab 16.9 16.7b 17.5b  11.6bc  14.8b
October 11.6¢ 16.3¢ 9.5bc 15.6 16.0bc  16.4bc  10.9c¢ 13.8¢
December 8.5d 17.5bc 8.1c 154 13.7¢ 15.1¢ 8.2d 12.4d
Mean** 11.8C 181A 10.5D 16.4B 173A 18.1A 11.7¢ 14.9

Two years average

February 8.0d 20.2a 10.6ab  15.6ab  20.6a 17.7b 12.0b 14.9¢
April 14.8a 19.4ab 11.9a 17.6a 19.9a 21.5a 14.6a 17.1a
June 13.9ab  18.3bc 11.8a 16.7ab  17.3b 20.3a 13.4a 15.9b
August 12.9b 16.8cd 10.9ab 16.2ab  16.8b 17.6b 11.7b 14.7¢
October 11.2¢ 16.3d 9.7b 15.4b 15.8b 16.3bc  10.7b 13.6d
December 8.3d 17.1cd 7.7¢ 15.1b 13.9¢ 15.1¢ 8.2¢ 12.2e
Mean** 11.5D 18.0AB 104E 16.1C 17.4B 18.1A 11.8D 14.7

* Means in each column with the same small leter are not significantly different at 0.01 level.
** Means in each row with the same capital leter are not significantly different at 0.01 level.

two species, there were no significant differences between the protein % in Feb. and
April. The lowest protein content for all species was in December, except that for 4.
halimus (Feb. 8) and A. nummularia (Oct. 16.3).
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Within different species, there were highly significant differences between the
protein content of samples defoliated in different dates, except A. canescens.

Fiber content

Fiber % of seven Atriplex species as affected by defoliation date treatments in
two years and their average are presented in Table 5. Fiber % of the two years aver-
age reached 17.6. The mean of the second year (18.4) was significantly higher than
that of the first (16.9).

TableS. Fiber content as affected by Atriplex spp. and date of defoliation.

First years

Spp. A. A. A, A. A. A. A. Mean*
Month halimus numm. undulata casnc. lentifor. polyca. leococ.

February 28.2b 12.3b 8.1c 9.0c 11.8d 5.6¢ 16.0e 13.0e
April 29.0b 13.5ab 9.0bc 93¢ 12.5cd 6.2¢c 19.6de 14.2¢
June 34.0a 13.8ab 10.2b 10.6¢ 14.3bc 12.7b 20.0cd 16.5d
August 342a 14.6ab 11.8ab 10.7bc  15.5ab 15.1a 23.6bc 17.9¢
October 34.6a 15.5ab  12.5ab  13.6ab 16.5ab 15.6a 25.9ab 19.2b
December 36.6a 16.7a 14.7a 15.0a 17.5a 16.4a 28.6a 20.8a
Mean** 32.8A 144C 11.1D 11.4D 14.7C 11.9D 22.3B 16.9B

Second year
February 30.2b 14.0b 10.0b 10.1d 13.7d 7.8¢ 17.6d 14.6d
April 30.1b 14.9ab 11.7b 10.0d 13.3d 8.2¢ 19.7cd 15.4d
June 349a 15.9ab 11.4b 11.8¢cd 15.7¢ 14.3b 21.5¢ 17.9¢
August 35.7a 16.3ab  13.3ab  129bc 16.7bc 16.8a 24.98b 19.5b
October 35.5a 17.5ab 13.4ab 14.8ab 17.8ab 16.8a 28.0a 20.5b
December 38.1a 18.4a 15.5a 16.6a 18.7a 17.9a 30.2a 22.2a
Mean** 34.1A 16.2C 12.5D 12.7D 15.8C 13.6D 23.7B 184 A
Two years average

February 29.2¢ 13.2¢ 9.1d 9.6¢c 12.3d 6.7c 16.8¢ 13.8f
April 29.6¢ 142bc  10.4cd 9.7¢ 12.9d 7.2¢ 19.7d 14.8¢
June 34.4b 149bc 10.8bcd 11.2bc 15.0¢ 13.5b 20.8d 17.2d
August 35.0ab 15.5abc 12.5bc 11.8b 16.1bc 16.0a 24.3c 18.7¢
October 35.0ab 16.5ab  13.0ab 14.2a 17.1ab 16.2a 27.0b 19.9b
December 374a 17.6a 15.1a 15.8a 18.1a 17.2a 29.4a 21.5a
Mean** 334A 153C 11.8E 120DE 15.3C 12.8D 22.8B 17.6

* Means in each column with the same small leter are not significantly different at 0.01 level.
** Means in each row with the same capital leter are not significantly different at 0.01 level.
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The local species (A. halimus and A. leucoclada) had higher fiber content than
the exotic species. In the two years’ average, the highest fiber % was found in A.
halimus (33.4) followed by A. leucoclada (22.8), A. nhummularia and A. lentiformis
(15.3), A. polycarpa (12.8), A. canescens (12) and A. undulata (11.8), respectively.
For each year the trend was nearly the same as that of the two years’ average.

Defoliation date treatments affected fiber % significantly in each year and the
two years average. Fiber % increased gradually from February (13.8) till December
(27.5), for tghe two years’ average. The same trend was found for each year. The
interactions between Atriplex species and defoliation date treatments on fiber %
were highly significant in the second year and the two years’ average, while it was sig-
nificant only at the 0.05% level in the first year.

From Tables 2-5, it could be concluded that, the local species (A. halimus and A.
leucoclada ) had the highest DM % and fiber %, but low in carbohydrate and crude
protein. A. nummularia which gave nearly the highest fresh yield [2], had also the
highest carbohydrate % and high crude protein content. These characters in addition
to its high adaptation to most of Arab countries give it a high periority for range
improvement and soil conservation.

A. polycarpa which had the highest crude protein % had also high percentage of
DM, carbohydrate and was low in fibers, but it gave relatively low yield. For grazing,
it is preferable to establish different species, taking the nutritive contents and the
period of grazing in consideration.

The suitability of the dates of defoliation or browsing depends on many factors
especially the range condition [2]. From the results of this study, most of these species
could be grazed from April to October as the highest DM was in October, the highest
carbohydrate content was in August; protein content was high in June, while fibers
could be considered low all over this period. In December the plants showed the low-
est percentage of dry matter, protein and carbohydrate and the highest percentage of
fiber all of which limit the defoliation at that time.
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