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Options for Optimizing Dairy Feed Rations with Foliage of Trees Grown in the Irrigated
Drylands of Central Asia
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Abstract: Livestock development in Central Asia (CA) is hampered by a lack of quality feed. The revegetation of degraded agricultural land with trees could generate the needed feed with suitable crude
protein (CP) and metabolizable energy (ME) contents. An experiment with Elaeagnus angustifolia L.,
Robinia pseudoacacia L., and Gleditsia triacanthos L. assessed the suitability of the tree leaves as feed
and the optimum time for harvesting the foliage so as to complement the diet of dairy cows. Leaf CP
contents as determined with the SPAD-502, varied between 226 g CP kg -1 for E. angustifolia and 177 g
CP kg -1 for G. triacanthos and were superior to those of commonly used livestock feeds. Simulations with
a specially elaborated least-cost-ratio model showed substantially lower dependence on common feedstuff
when adding tree foliage with an increase in farmers’ profits of 53% at the season-onset, 38% at midseason and 34% at the end of the season. Converting marginal lands into tree plantations has substantial
prospects for improving livestock nutrition, protecting the environment and boosting farmers’ income in
CA.
Key words: Aral Sea Basin, Uzbekistan, fodder trees, crude protein, SPAD-502 chlorophyll meter, feed
mix
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), or straw of maize (CP:ME=9.4 g MJ -1 ) or sorghum
(CP:ME=6.6 g MJ -1 ) with CP-rich feeds such as
cottonseed cake (CP:ME=29.9 g M J -1 ), when affordable
and available [9 ]. But in the absence of the expensive
cottonseed cake, the notoriously low quality of the
cheap grain bran and fibrous roughages is one cause
for the poor livestock productivity of e.g. 6-7 litres per
day per cow [9 ].

INTRODUCTION
Ample evidence underlines the benefits of
supplementing ruminant diets with tree foliage to
complement feed particularly low in nitrogen (N) and
crude protein (CP) contents [7 ,1 8 ,3 9 ]. Such practices
however have not been introduced in the dryland areas
of Central Asia (CA) owing to an unawareness of, and
knowledge about such benefits of perennial vegetation.
Yet, following independence from the former Soviet
Union (SU) in 1991, livestock has grown tremendously
in importance and has become vital for livelihood
security of the rural population of the five CA
co untries, K azakhstan, K yrgyzstan, T ajikista n,
Turkmenistan, and Uzbekistan [1 9 ]. In the aftermath of
independence, a drastic decline in the number of
livestock has occurred, although the present stock is
again estimated at 17 million (mi) cattle, 44 mi. sheep,
and 7 mi. goats [1 9 ].
Although animal husbandry has become central to
the livelihood in rural Uzbekistan [2 0 ,3 1 ], feedstuff
demand is outstripping its production. Animal keepers
in the K horezm region of Uzbekistan for instance mix
CP-deficit and relatively rich metabolizable energy
(ME) feedstuff such as wheat bran (CP:M E=9.7 g M J Corresponding Author:

A screening of potentially suitable multipurpose
tree species for afforesting degraded marginal lands in
the Khorezm region demonstrated the benefits of
various non-timber products including the nutritive
value of the tree foliage of various species [2 3 ]. At the
end of the growing season the tree foliage of different
species ranged within 90-150 g CP kg per dry matter
(DM ), but during the season CP values of 250 g CP
kg -1 DM had been monitored and hence it was
concluded that the foliage of these tree species could
supplement the N–deficit diet for dairy cattle [2 3 ]. The
tree leaves could thus increase the quality of the feed
whereas the usual fibrous roughages (wheat, rice and
sorghum residues) could complement the quantity of
the feed particularly during feed deficit periods
(November-May).
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Although little is known about the role of the
foliage from woody species grown in the irrigated
croplands of CA, there is much evidence on its
importance in co m p le m enting feed die ts
worldwide [e.g.4 ,1 2 ]. But most studies have focused on
analysing the use of tree foliage per se or compared
the suitability of different tree species [e.g.1 ,2 ,4 0 ], analysed
the chemical structure of tree foliage [1,2 ,1 2 ] or looked at
the benefits of tree foliage for different types of
livestock [3 ,4 ]. Yet, information about the optimal timing
for collecting tree leaves as to complement dairy diets,
whilst considering both nutritive and financial aspects,
has received little attention particularly in the irrigated
drylands of CA. This demands knowledge about the
seasonal dynamics of N and CP contents in tree and
bush foliage. Labri et al. [2 2 ], for instance, summarized
the nutritive value of seven perennial species native to
Uzbekistan, but the foliage material was only collected
once during the season. The analyses by Lamers and
Khamzina [2 3 ] on the dynamics of the nutritive value of
tree foliage during the eight-month growing season was
based on measurements taken only three times. But
even though the quality profile and the dynamics of the
chemical composition of the tree foliage in this case
was monitored throughout the season [e.g.2 3 ], the methods
used for the determination of the N and CP contents of
the tree leaves were expensive and time-consuming.
The latter hampers that the laboratory results become
rapidly and timely available. This leaves the animal
holders uncertain about the best time to feed tree
leaves. A rapid, easy-to-use, cheap and practical
method to monitor the tree leaf N/CP contents
throughout the growing season would therefore allow
to determine the best timing from both a nutritive and
financial perspective. The SPAD (Soil Plant Analyses
Development)-502 chlorophyll meter (Minolta) [2 9 ]
compels a non-destructive means to determine total leaf
chlorophyll, which is highly correlated with the leaf N
content[see1 6 ,3 7 ]. However, since this relationship depends
on crops, species, cultivars and even hybrids [3 5 ], the
relationships between the SPAD readings and the N/CP
content has to be determined first, in particular since
they vary between simple linear to curvilinear for
annual and perennial vegetation [1 1 ,1 3 ,3 0 ].
The present paper focuses on the introduction of
tree foliage into farm management practices to improve
nutrient composition of the dairy feed rations and
sustain farm income. A mathematical programming
model can be a tool, in this case, to formulate an
optimal ration for feeding dairy cows [1 7 ]. A linear
programming (LP) approach, which is based on
mathematical programming, has been used extensively
in farm management to formulate least-cost dairy
rations [3 2 ,4 2 ,4 5 ] . The application of LP models allows

evaluating if the introduction of tree foliage into the
dairy ration is both economically and technically
feasible given the nutritive requirements of the diet of
dairy cows, the forage nutrient composition and
regional prices of feeds available in the study region
Khorezm, located in Northwest Uzbekistan.
The objectives of the present study were therefore
threefold: (i) to analyze the suitability of the SPAD-502
meter for monitoring the N and CP content in the
leaves of the fodder species Elaeagnus angustifolia L.,
Gleditsia triacanthos L. and Robinia pseudoacacia L.,
(ii) to detect thus the best harvesting time and the
effect of including CP-rich tree leaves into feed rations
of dairy cows and (iii) if so, what admixture would
bring about the optimal feeding ration for dairy cows
at the lowest cost using the LP approach.
Description of the Study Region: Large parts of CA
belong to the non-tropical drylands with a continental
climate, characterized by short, cold and moist winter
periods lasting between November and M arch, and
long, hot and dry summers spanning from April till
October. Typical for this dryland area of 392,670
million ha (M ha) are the smaller areas of irrigated
landscapes amounting to less than 3% (about 8-11
Mha), but which are vital for the welfare and
livelihood of the population [3 6 ].
W ith a size of 650.000 ha, of which only about
270.000 ha can be irrigated, the study region Khorezm
is typical for the irrigated lowlands within CA [3 6 ]. The
Khorezm region is located between 60.05 and 61.39 N
and 41.13 and 42.02 E of the Greenwich meridian, and
thus, at about 250 km south from the present Aral Sea
shores. The region has borders with the Karakum and
Kyzylkum deserts, the Amu Darya River, the
A utonomous Republic of K arakalpakstan, and
Turkmenistan. The mean annual air temperature is
13°C, but daily maxima can be as high as +45°C and
minima as low as -28°C. The long-term mean annual
precipitation of about 100 mm, which falls mostly
outside the growing season, is much lower than the
annual evaporation of 1200 mm, which makes
agriculture possible with irrigation only. The agroclimatic conditions are suitable for the cultivation of
crops adapted to higher summer temperatures such as
cotton, tobacco, and sunflower but also maize and
sorghum. Based on a bonitet of <40, (the bonitet is
“the comparative assessment of the land quality and
productivity with a representative level of agricultural
activity” [1 4 ] , which is rated on a 100-point scale [3 8 ])
about 20% of the irrigated area (about 37,000 ha) of
the Khorezm region has become unsuitable for
cropping mainly owing to soil degradation caused by
ill-managed irrigation and production practices [2 7 ].
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nine leaves per tree) were measured between the
midrib and the leaf margin. The measurements started
in April when leaves began flushing and ended in
October before the complete harvest of these trees.

M ATERIALS AND M ETHODS
In March 2006, a three year tree experiment was
set up as a randomized complete block design with
four replications on a 0.5 ha marginal site in the
Yangibazar research station (41°65N N latitude, 60°62N
E longitude, altitude 102 m asl) in the Khorezm region.
Next to the tree species E. angustifolia, G. triacanthos
and R. pseudoacacia, the treatments included 3 levels
of phosphorus application. These fertilizer treatments
will not be discussed here but are presented
elsewhere [1 0 ]. Each experimental plot consisted of one
row of eleven trees, transplanted as 1-year-old saplings
from the tree nursery into the experimental plots at 1
m distance inside the row and 1.75 m between the
rows. Given the young age of the trees, they did not
interfere with each other during the entire three-year
study period. W atering was ensured via drip irrigation
at 80 mm per year, which was ceased after two years
as the roots started tapping the groundwater. The
emitters were installed at about 10 cm from the tree
basis. During the growing season the groundwater
fluctuated between – 1.2 and 1.6 m in 2006, 1.5 and
1.7 m in 2007, and 1.5 – 1.8 m in 2008. Soil texture
at the research site was previously identified as
Salids [4 4 ], or salic Fluvisols [1 5 ], despite the absence of
periodical waterlogging.

Sampling of Leaves for SPAD-502 Calibration: For
the calibration of the SPAD-502 values and the N/CP
contents, leaf material was collected in the middle of
the season (July) from three trees per species. First the
SPAD-502 readings were taken between the midrib and
the leaf margin of 18 leaves of each the three species
and repeated three times to obtain a leaf average.
Following these measurements, the same 54 leaves
were handpicked from the trees between 8:00-9:00 am,
petioles were detached, and leaves were placed in
polyethylene bags and transported to the laboratory
within a refrigerated box. In the laboratory the bags
with fresh leaf samples were kept in a stationary
freezer at -10C° until analysis for total N using the
Kjeldahl method and for chlorophyll a and b according
to Lichtenthaler [2 4 ].
Dry M atter Production of Leaves: Three trees of
each tree species were completely defoliated at the
beginning (May), middle (July) and end (September) of
the season for leaf dry matter determination.
Immediately after harvest, leaf sub-samples were
weighed with a digital scale to the nearest mg, and
transported in a refrigerated box to the laboratory. The
sub-samples were then placed into paper bags and
oven-dried at 103° ± 2 0 C for 72 hours to constant
weight in a forced air convection oven [2 5 ].

Feed Quality Estimates of Tree Leaves: Since
detailed information on the quality of feedstuff in
Uzbekistan included the qualitative indicators ME and
CP, crude lipids (CL), crude fibers (CF), crude ash
(CA), and N-free extractives (NFE), for the sake of
comparison these indicators were required also for the
tree leaves. G as production (Gb), used to estimate the
ME content, was measured in the presence and absence
of polyethylengglycol (PEG), following the in vitro
Hohenheim gas technique [28 ] . The rumen fluid was
taken from a sheep (Ovis aries) as the donor animal
that were fed 600 g grass hay and 600 g mixed
concentrates, divided into two equal meals a day. The
difference between the Gb with and without PEG
indicates the presence of tannins [2 6 ]. Leaf N content was
measured according to Kjeldahl, whilst the CP content
was computed as the leaf N content times 6.25 [5 ]. Leaf
ME contents were computed using the multi-regression
equation developed for roughages, which considers Gb,
as well as CP, and CL contents [2 8 ]. The in vitro organic
matter digestibility (dO) was subsequently derived from
the multiple regression of dO on Gb, CP and CA [2 8 ].

M onitoring CP Contents with the SPAD-502: The
relationship between the SPAD-502 chlorophyll meter
readings and the leaf chlorophyll and N contents were
analyzed. Several functional forms were tested, but the
curvelinear relationship gave the highest coefficient of
determination (r 2 ) for all three species. The general
equation can be described as y = a + bx + cx 2 , where
y is total nitrogen content, a, b and c are linear and
curvilinear coefficients respectively, and x is the
SPAD-502 reading. W hile using the established
coefficients obtained for the midseason (July), the leaf
N status could be derived at any other period following
SPAD-502 measurements. The leaf CP contents were
computed as aforementioned [5 ]. H ere we report the CP
contents at the season-onset (M ay), the mid-season
(July) and end of the growing season (September). The
accuracy of the regressed CP values was validated with
CP values of the same species and in the same month
but as measured in the laboratory. The accuracy is
reflected in the coefficient of variation (CV), root mean
squared error (RM SE) and the relative RM SE
(RRMSE).

SPAD-502 M easurements: Two trees per species were
designated within each plot for measuring fortnightly
the leaf chlorophyll content with a SPAD-502 meter.
Three small, medium and large sized leaves (in total
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Feed Quality Estimates of Feedstuff: The leaf dO
values for the tree species were estimated in vitro.
However, information on the dOs of the commonly
used feedstuff in the study region such as hull, wheat
and rice straw, wheat bran, maize stems, alfalfa, and
maize and sorghum straw as well as cottonseed cake
had not been previously reported [6 ]. T herefore, dO
values of the above mentioned feedstuff was derived
indirectly from available information in a step-wise
procedure. First, the Gb for each feed was calculated
using the multiple regression equation for roughages
with the square of CL [2 8 ]. In a second step, the values
for the estimated Gb, and the measured CP and CA
values were used for calculating the dO, according to
the multiple regression equation as previously derived
by Menke et al. [2 8 ].

attributes (A) relative to the feed quality indicators CP
(g CP kg -1 DM) and M E (MJ kg -1 DM ) contents. The
final, optimal LCFR should meet the required
nutritional constraints (B). Therefore, the model first
sums the values of the decision variables to 1000 g, on
which basis the least expensive feed mix is composed.
Concurrently, the maximum and minimum DM was
considered for different levels of milk production and
body mass of a lactating cow [5 ]. These levels were
imposed for fresh weights and dry weights of the
fodders modeled.
Subject to the model assumptions, a linear
relationship between ME requirements and milk
production was established with the constant structure
of the feed ration as long as the maximum fresh and
dry weight constraints are not violated. According to
previous research [5 ] various constraints were imposed to
obtain a well-balanced diet for milk production: (i) a
CP:ME ratio of at least 13 g MJ -1 and (ii) the dO of
the mix should be not less than 70%. The model was
formulated and solved via the MS Excel Solver.
According to the LP model, the cost of one kg DM of
the feeding ration is minimized as defined by market
prices of fodders (C) in USD kg -1 while changing the
feed composition in fodders (X). The LP model
estimated the least cost combination of various
ingredients in a 1 kg D M feeding ration that would
meet the nutrient requirements for various levels of
daily milk yield and body mass of a cow. During these
estimations it was assumed that a lactating cow with a
weight of 400 kg produced 6 kg of 3.5% fat milk per
day with a zero daily weight gain, which is considered
average in the study region. This would require a daily
diet of 74.7 M J of ME and 845.2 g of CP. In the
financial analysis, a period of 300 lactating days was
assumed, which is the standard lactation period in the
study region.
Since the nutritional value of fodder leaves and
their quantity varied over the growing season (Table 1),
the model considered these empirically observed
dynamics of nutritional quality and quantity of tree
leaves. This allowed identifying both the most suitable
tree species and the best time of the growing season
(here month) for harvesting leaves for dairy feed. The
periods examined included May, July and September
corresponding to the selected field measurements by
the SPAD-502. It was assumed also that the nutritional
quality of crops and crop by-products was constant
over time in the absence of more detailed information.

Statistical Analyses: One-way analysis of variance
(ANOVA) was used to analyze differences in leaf dry
matter (DM) production as well as CP content of tree
species at the three examined periods of the growing
season. W hen significant (p<0.05) differences were
found, the Tukey posthoc test was used to compare
individual means. Statistical analyses were performed
with SPSS 15.0.
Optimization Procedures: To analyze the optimization
of a feed mix based on the various feeds, a linear
programming (LP) model was elaborated, including the
commonly used livestock feed in the study region [8 ].
The nutritive values of these feeds were taken from
Dalakyan et al. [6 ]. Key elements of the LP are the feed
prices, the CP and ME components of these feeds and
the nutritional requirements to obtain a predefined level
of daily milk production based on the body mass of a
cow. Under the assumption that dairy producers would
use feed at a minimum costs for the dairy feed ration
while striving for a suitable CP:ME ratio, the objective
function of the least cost ration (LCFR) model was:
Minimize
Subject to
and

Z=C`X
AX = or $ B
X>0

where
Z = cost of 1 kg DM of feed mix;
C = price of 1 kg DM of feed;
A = nutrient attributes of 1 kg DM of modelled feeds
in CP, ME, CA, CL, CF, NFE and Gb;
B = required nutritional constraints;
X = share of feeds in 1 kg DM of feed ration
introduced as positive variables.

Feed and M ilk Prices: Feed and milk prices were
obtained from fodder and livestock market surveys in
Urgench city of Khorezm in August 2008. They were
collected in the local currency Uzbek Soum (UZS kg -1 )
but converted to USD using the exchange rate of 1,319

Therefore each feedstuff was defined by its
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UZS USD -1 . Since tree leaves were not sold at the
regional markets, shadow prices were derived via
regression analysis using the information of the May
market prices, CP:M E content and dry matter (DM )
content of nine locally marketed feeds. Next, using the
information on the seasonal dynamics of leaf DM
production (in kg ha -1 ), the prices of tree leaves in July
and September were calculated under assumption that
the total value of leaf DM production (in USD ha -1 )
was constant.

Accuracy of Estimation of CP Contents: The directly
measured (laboratory findings) CP contents matched
well the findings of the indirectly predicted leaf CP
contents (based on the SPAD-502 readings) irrespective
of the tree species as evidenced by the low CVs, and
an RM SE of 25 g kg -1 DM and a RRM SE of 10% for
E. angustifolia, 23 g kg -1 DM and 18% for G.
triacanthos and 20 g kg -1 DM and 9% for R.
pseudoacacia (Table 3).
Evaluation of Feeds: Compared to the CP:ME ratio of
~13 g M J -1 of feedstuff, which is considered a ratio
with a high potential for dairy cattle [5 ], the common
feeds available in Khorezm were of low quality (Figure
2) due to their low CP and relatively high ME
contents. Exceptions are alfalfa and cottonseed cake. In
contrast, the high CP:ME ratio of the tree leaves,
resulting from (very) high contents of CP but relatively
low ME values, demonstrated the potential of these
leaves as a suitable supplement to feedstuff containing
low CP and relatively higher ME contents. This mix
would give a suitable CP:ME ratio and thus potentially
enrich the present dairy feeds.

Sensitivity Analyses: T o determine the LCFR with and
without the inclusion of tree leaves and the best period
of using tree leaves based on the nutritive values, four
scenarios were simulated. In the baseline scenario 1, an
optimal feed mix was estimated while excluding tree
leaves all together. This simulation thus represented an
LCFR mirroring the current conditions of livestock
holders in the study region. The resulting LCFR served
as the benchmark for comparison when allowing feed
admixture with tree leaves in the subsequent three
scenarios. In scenario 2, tree leaves with a feed quality
as monitored in M ay were included in the feed mix,
without altering the other parameters. Scenario 3
included only tree leaves with a feed quality for July,
and in scenario 4, only foliage with the nutritional
values as determined in September.

Optimization of Feed Rations: The LCFR simulations
(Table 4) were very sensitive to the introduction of tree
leaves into the dairy feed ration as it allowed achieving
a CP:ME ratio of ~13 g MJ -1 while decreasing at the
same time the cost of the feeding ration. The
introduction of tree leaves into the feed mix
substantially reduced the need for expensive cottonseed
cake whereas low quality maize stover could be
completely removed from the feeding ration (Table 4).
In contrast, the share of grain bran in the feed mix
increased when tree leaves were introduced. The
cheapest feed was a mix of cottonseed husk and wheat
bran complemented with leaves of G. triacanthos in
May and with E. angustifolia leaves in July.
Inclusion of the tree leaves into the feed mix
hardly changed the dry weight of the ration or the ME
content although the fresh weight of the diet decreased
considerably. Consequently, while the cost per kg of
dry matter of the dairy feed ration decreased by less
than 10% when including the tree leaves, the cost per
kg fresh weight of the diet decreased in May by 37%,
in July by 22%, and in September by 19%. The
findings or the LCFR model simulations showed that
mixing tree leaves with the common feedstuff would
increase profits in May by 53% , in July by 38% and
in September by 34% (Table 4).

RESULTS AND DISCUSSION
Calibration of SPAD-502 for Three Tree Species:
Although in all cases a higher SPAD-502 reading
corresponded to higher N (and CP) content, the
relationship between these parameters differed between
the species. W hereas the coefficient of determination
(r 2 ) of G. triacanthos did not vary between the linear
and curvilinear regressions, the r 2 for the other two
species was highest in the case of a curvilinear
relationship with a polynomial regression type
(Table 2).
The high r 2 between N content and SPAD-502
readings for all three species provided confidence that
its leaf N, and consequently CP, content could be
predicted at all times (Figure 1). The SPAD-502
readings were highest for E. angustifolia ranging in
July between 62 and 88, whereas the SPAD-502
readings of the other two species ranged between 27
and 51 over the same period. This confirmed that the
period of July was the optimal period for establishing
the calibration curves. Consequently, the N content of
the randomly selected leaves varied in E. angustifolia
from 32 to 90 g N kg -1 DM and in the other two
species from 10 to 50 g N kg -1 DM, thus indicating
higher CP contents in E. angustifolia leaves.

Discussion: According to Peterson et al. [3 5 ], the SPAD502 readings are crop-specific thus necessitating a
calibration for each crop and species. Although ample
evidence underlined the suitability of the SPAD-502 for
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Table 1: D ry m atter (D M ) production and crude protein content (CP) of three tree species over three periods of the grow ing season 2007.
Species
Elaeagnus angustifolia
-------------------------------------------------------------------------------------------------------------------------M onths
M ay
July
Sept
Param eter
D M (kg ha-1)
567 (±137)b
1696 (±329)b
2223 (±534)b
CP (g kg-1)
250 (±13)b
201(±19)b
227(±11)c
Species
G leditsia triacanthos
D M (kg ha-1)
25 (±2)a
32(±7)a
87 (±34)a
CP (g kg-1)
129 (±6)a
114 (±8)a
109 (±6)a
Species
Robinia pseudoacacia
D M (kg ha-1)
118 (±24)a
487 (±179)a
804 (±64)a
CP (g kg-1)
221 (±19)b
211 (±17)b
201 (±5)b
Values within one colum n followed by the sam e superscript are not significantly different at p<0.05 by the Tukey com parison test; values in
brackets are standard deviations of the m eans
Coefficients of determ ination (r2 ) for linear and curvilinear relationships derived from the regressed SPAD -502
N content of three tree species.
Relationship
Linear
Log.
Expon.
Species
r2
E.angustifolia
0.71
0.67
0.78
G .triacanthos
0.76
0.76
0.76
R.pseudoacasia
0.85
0.84
0.81
Table 2:

Table 3:

Species

readings to the leaf
Poly.
0.87
0.76
0.86

Com parison of m odeled and em pirical crude protein (CP) contents of three tree species in the beginning (M ay), m iddle (July) and
end (Sept) of the 2007 growing season. STD EV = standard deviation (g kg -1 ), CV = coefficient of variation (% ), RM SE = Root
M ean Squared Error (g kg -1 ), RRM SE = Relative R oot M ean Squared Error (% ).
Elaeagnus angustifolia
------------------------------------------------------------------------------------------------------------------------M ay
July
Sept
M ay
July
Sept

M onths
Param eter
CP (g kg-1)
STD EV (g kg-1)
CV (% )
RM SE (g kg-1)
RRM SE (% )
Species
CP (g kg-1)
STD EV (g kg-1)
CV (% )
RM SE (g kg-1)
RRM SE (% )
Species
CP (g kg-1)
STD EV (g kg-1)
CV (% )
RM SE (g kg-1)
RRM SE (% )

250
13
5

201
19
9

129
6
5

114
8
7

221
19
9

211
17
8

227
236
11
20
5
8
*********** 25 *********
********** 10 **********
G leditsia triacanthos
109
168
6
47
6
28
********** 23 *********
********** 18 *********
Robinia pseudoacacia
201
214
5
33
2
15
********** 20 *********
********** 9 **********

agricultural crops [3 4 ,4 3 ,4 6 ], this method has only
sporadically been used for perennial vegetation [e.g.3 0 ].
The calibration of the SPAD-502 for the three
deciduous tree species E. angustifolia, G. triacanthos,
and R. pseudoacacia, resulted in high and positive
coefficients of determination (r 2 ) between the SPAD502 readings and leaf N contents for both linear and
curvilinear relationships. This confirmed the utility of
the SPAD-502 chlorophyll meter for a non-destructive
and rapid field determination of tree foliar N (and
indirectly of leaf CP) for the three tree species tested.
Also, the relationships established could be effectively
used year-round for the prediction of N and CP
contents as long as the SPAD-502 readings remained
within the calibrated range.

182
29
16

190
25
13

123
22
18

103
26
25

186
18
10

178
15
8

Previous studies in the region pointed to the high
feed quality of E. angustifolia as evidenced by its leaf
CP contents of about 217 g CP kg -1 D M [2 1 ]. This
content is very much in line with the estimated CP
values in this study that varied throughout the season
between 200 and 250 g CP kg -1 DM . Reported CP
contents of R. pseudoacacia leaves[4 1 ] amounted to 24%
(240 g CP kg -1 DM), which also matched well with the
range of 201 and 221 g CP kg -1 DM for this species
in this study. In all simulations the assumed minimum
level of dO of ~70% of the feed mix was achieved
which is considered adequate for a medium (15 liters)
to high (>20-30 liters) daily milk production [5 ].
Previously conducted household surveys in
Khorezm [9 ] indicated that most feed for dairy consisted
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Table 4: LCFR model specification and simulation results

Sources: Menke et al., 1979; Dalakyan et al., 1980; Close and Menke, 1986; Model simulations.

Fig. 1: The relationship between the SPAD-502 readings and total N content of three tree species: Elaeagnus
angustifolia (a), Gleditsia triacanthos (b) and Robinia pseudoacacia (c).
of locally produced, protein-deficient feedstuff, with
CP:ME ratios of less than 13 g MJ -1 [5 ]. Furthermore,
these surveys revealed that livestock keepers cannot
reach a suitable CP:ME ratio by mixing available
crops, crop residues and other byproducts. Many
studies have discussed the advantages of including tree
leaves into diary feeds [e.g.7 ,3 9 ] because the leaves of
many tree species turned out to be, as in the present
study, as nutritious as leguminous fodder crops and
thus may offer a cheap source of proteins, although the
results depended on the tree species.
Including tree leaves is one option to reach at least
a nutritive, feeding point of view an adequate CP:M E
ratio and hence enrich the poor diets as demonstrated
by the simulation results. But in their quest to find an
optimal feed diet for dairy cows livestock keepers in
the study region are interested not only in the nutritive

values of the diet components, but also in the costs
involved. Although Devendra [7 ] concluded that the
inclusion of tree leaves as supplementary forage was
financially beneficial in a number of countries, until
today these feed resources have often been ignored also
because livestock keepers are unaware of the best
timing of including tree foliage and about the financial
benefits such a choice may bring. This is true for
Uzbekistan as well, where no up-to-date formulations
of cost effective feeding rations for dairy cows exist.
The results of the developed least-cost formulation LP
model can be used to close this gap as the outcomes
indicated the potential and scope of mixing the present
dairy cow diets with tree foliage as to enrich these
diets at the lowest cost, and whilst at least maintaining
the present level of milk production. The foliage of G.
triacanthos showed for example the highest financial
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Fig. 2: Crude protein (CP) and metabolizable energy (ME) contents of commonly used feedstuff in Khorezm (dark
spots) compared to the values of the examined tree leaves (open dots) and as compared to the CP:ME
ration of 13 g M J -1 .
potential for complementing the feed mix in May while
concurrently reducing costs compared to the present
feeding practices, whereas E. angustifolia leaves had
the highest potential later in the growing season (July
and September).
The elaborated model is thus used as an aid to
demonstrate that the afforestation of marginal lands
offers various benefits including the potential of adding
tree leaves into the dairy feeding ration and at lower
costs, which can be substantiated in the irrigated areas
of Central Asia. For instance, when referring to about
37,000 ha share of marginal land in the Khorezm
region [2 7 ] and when assuming that this land could be
converted to small tree plantations, due to the low
foliage production in May and July the total amount
would be too limited for feeding all cows (about
235,100 as of 2006) in the region during spring and
summer. However, during this period of the growing
season, livestock keepers have access to sufficient
feedstuff [8 ]. The main bottleneck for satisfying the feed
demand occurs in autumn, characterized by a deficit in
green fodder and hence a supplement of the dairy feed
rations with the tree leaves becomes most promising at
that time. Assuming that the present marginal areas of
ca. 37,000 ha would be planted equally to the three
tree species examined, in September a total production
of 27,721 ton DM of E. angustifolia, 765 ton DM of
R. pseudoacacia and 9,900 ton DM of G. triacanthos
can be expected for dairy cow feeding. W ith ca.
235,100 cows in the region [3 3 ], and when assuming a

daily need of 74.7 MJ of ME and 845.2 g of CP for
the production of 6 kg of 3.5% fat milk per day with
a zero daily weight gain, a total of 350 ha of E.
angustifolia would be needed to satisfy the monthly
requirements of a least cost dairy feed ration in
September taking into account the nutritive value of the
foliage in this period. Thus, to satisfy the dairy feed
needs during the feed deficit period (from November
till May) assuming perfect storage conditions, the area
necessary under afforestation should be at least 2,800
ha. Finally, the simulation findings indicated that
livestock holders may rely more on cheaper wheat
byproducts such as bran and less on cotton byproducts
such as cottonseed cake, when dairy feed rations are
supplemented with tree leaves.
At present the optimization model includes in
particular information on CP, ME and the CP:ME ratio.
However, in case additional information on the
nutritive values of fodder would become available, a
livestock keeper could include additional attributes of
a feeding ration, e.g. CA, CF, CL and NFE, RFV or
dO. Furthermore, the present findings are based on in
vitro results, which still need to be confirmed by in
vivo analyses. In particular the palatability of tree
leaves is decisive. However, the analyses of the Gb
with and without PEG did not indicate the presence of
antinutritional factors in E. angustifolia and G.
triacanthos such as tannins, which are known to limit
the use of leaves as feed [2 6 ]. In contrast, R.
pseudoacacia leaves may contain tannins which would
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render this species less suitable as dairy feed, despite
the high CP contents, as is indicated also by the low
dO values (45-56%) of this species (Table 4). But,
although
Devendra [7 ] argued that the presence of
tannins in feed does present a major barrier for
utilization by cattle unless when used as supplementary
feed (about 30% on a dry basis), in vivo analyses
maybe needed to clarify this.
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