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Galactomannan (gum), a water-soluble polysaccharide, is widely used as a gelling agent in liquids, including in the oil and
gas industry for hydraulic fracturing. The most effective source of this valuable plant material is seeds of guar (Cyamopsis
tetragonoloba (L.) Taub.), a legume crop new for Russia. Although in recent years progress has been made in the selection
of guar varieties adapted to the conditions of the Russian Federation, the question of the most appropriate region for the
cultivation of this crop remains open. The purpose of the study was to investigate how a region and technology of guar
cultivation can affect the main indicators of the final target product: the content and viscosity of guar gum extracted from
the seeds of various guar genotypes. To understand this, ecogeographical tests of 13 guar accessions from the VIR collec-
tion were conducted at the experimental stations of the Vavilov Institute (VIR), where climatic conditions correspond to the
temperature requirements of the crop. To compare the properties of gum extracted from the seeds of various genotypes,
a fast-tracked laboratory method was suggested allowing gum extracts to be obtained for assessing their viscosity. The
method allows fast screening of the breeding material and selecting guar genotypes with beneficial properties of guar
gum which are in demand by the oil industry. Applying the fast laboratory method for assessing the properties of gum
in seeds of 13 guar varieties showed that the content and viscosity of gum of the same variety vary greatly depending
on growing conditions. The same set of 13 guar accessions was grown in 2018 at the Volgograd, Astrakhan, Dagestan
and Kuban VIR experimental stations. As a result, the maximum viscosity values were obtained for the seeds reproduced
at the Astrakhan region, where the guar was grown on irrigated lands. On the other hand, the maximum gum content in
the seeds of all accessions was recorded when they were grown in the Volgograd region. The results showed that the guar
gum extracted from seeds of guar plants grown in the Russian Federation can be used as a gelling agent in the processes
of intensification of oil production by the method of hydraulic fracturing. This experience is new to the Russian Federation.
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ecological testing; regions of propagation.
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[anakTomaHHaH (Kamefb) — pacTBOPVMbIA B BOAE MOMMCaxapua, NCNonb3yeTca B KauecTBe reneobpasylollero areHTa B
XKMAKOCTAX, B TOM uncne B HedTe- 1 razofobbiBatoLLeil MPOMBbILLIEHHOCTY AA M’MAPaBANYecKkoro paspbiea nnacta. CambiM
3 dEKTUBHBIM UCTOYHNKOM 3TOTO LIEHHOTO PacTUTENIbHOTO CbipbA (ryapoBoW Kameu) ABNATCA cemeHa ryapa (Cyamopsis
tetragonoloba (L.) Taub.), HoBow ana Poccuitckon Oefepaunm CeibCKOX03ANCTBEHHOW KyNbTypbl. XOTs 3a NocnefHme roapl
6bIIN AOCTUIHYTHI OMpefeneHHble yCrexy B Cenlekummn CopToB ryapa, afanTMpoBaHHbIX K ycioBuam PO, Bonpoc o Haw-
6onee NoAxofALLEM PervoHe BO3AeNblBaHNA 3TOW KyNbTypbl OCTAETCA OTKPbITbIM. Llenb npoBeAeHHbIX CCnefoBaHNiA 3a-
K/toyanacb B TOM, YTOObl YCTaHOBUTDb, B KAKOW CTEMEHWN PErVOH 1 TEXHOMOIMA BbipallMBaHMA ryapa MOryT BIMATb Ha OC-
HOBHble MoKa3aTenn KOHEYHOTO LieNIeBOro NpoAyKTa — CofepKaHme 1 BA3KOCTb Kamey B CeMeHaX PasfnyHbIX FeHOTUMOB
ryapa. nsa pewenus storo Bonpoca B 2017-2018 rr. 66111 NPOBEAEHbI 3KONOro-reorpaduyeckre ncnbitaHs obpasuos
ryapa konnekunm BUP Ha onbITHbIX CTaHLMAX UHCTUTYTa, KNIMMaTUYeCKMe YCI0BMA KOTOPbIX OTBEYAIOT KpUTEPUAM Ternso-
obecneyeHHOCTV 3TOW KynbTypbl. INA CpaBHUTENbHOIO M3yUYeHNA CBONCTB KaMeau B ceMeHax PassfiIMyHbIX reHOTUMOB ryapa
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BrepBble NPeAJIOKEH YCKOPEHHbI 1a60PaTOPHBIN METOZ MOJTyUYeHWs BbITSXKEK Kameau A1t BUCKO3MMETPUYECKOI OLIEHKM.
Pa3paboTaHHbI METOA MO3BOMAET NPOBOANTD YCKOPEHHbIN CKPUHUHT MCXOAHOMO MaTepurana Afls ceniekummn cCopToB ryapa,
NepCcrneKTUBHbIX C TOYKM 3PEHNA NCMOMNb30BaHNA Kamem U3 nx ceMsaH B HedTeA0O6bIBaIOLLEN NPOMBbILNIEHHOCTH. B pe3ynb-
TaTe labopaTOPHOII OLIEHKM COAePKaHNA U BA3KOCTV KaMeau, Cofepalleiics B cemeHax 13 06pasLioB ryapa, obHapyxe-
HO, YTO BbIXOA 1 CBONCTBA KameAn OAHOIO 1 TOTFO e COpTa CUTbHO BapbMpPYIOT B 3aBMCUMOCTY OT YCIOBUI NPOU3PacTaHuA.
SkcneprmeHT 2018 T. No BbipalyMBaHUIO OQHOTO 1 TOro e Habopa 13 obpa3uos Ha Bonrorpagckow, AcTpaxaHckoi, are-
cTaHcKkom 1 KybaHcKol onbITHbIX cTaHUmAxX BUP nokasan, uto MakcuMasibHble noKasaTenu yAenbHOWM BA3KOCTY MOJTyYeHbl
ana ceman penpogykummn ActpaxaHckon OC BUP, rae ryap Bbipaweanca Ha nonuse. C Apyron CTOPOHbI, MakCMMalibHoe
NPOLEHTHOE CoflepKaHNe Kamem B CEMeHaXx y BCex 06pa3LoB ryapa 6b110 3adUKCMpoBaHO NP KX BblpalyMBaHum B yCIO-
Busx Bonrorpapckon OC BUP Ha KanenbHOM opoLueHum. Pe3ynbTaTbl JOMOIHUTENIbHOTO TECTUPOBAHUA 06pa3LioB NOPOLL-
KoBol GopMbl ryapoBoli Kamefu, MOJTlyYeHHOW U3 CEMAH COPTOB OTEYECTBEHHOW CenleKLn, MO3BONAIOT CAeNnaTh BbIBOA O
NPUrofHOCTY NPOAYKTa ANA UCMNONb30BaHUA B KauecTBe reneobpasoBaTens B npoLeccax MHTeHcudrKauum obblum Hedr
MeTOLOM rApaBMYecKoro paspbia nnacta. [laHHbI ONbIT ABNAETCA YHUKaNbHbIM Ana Poccun.

KnioueBble cnoBa: ryap; Kamefb; cofepaHune 1 BA3KOCTb; MeTOAMKA OLIeHKNM; COPTa; KOOrnyecKkmne NCnblTaHnsA; PermoHbl

BblpalWBaHUA.

Introduction

Seeds of guar (Cyamopsis tetragonoloba (L.) Taub.), the new
agriculture legume crop of the Russian Federation, serve as a
source of a valuable vegetable product — guar gum. The latter
mainly consists of the polysaccharides galactomannans which
are able to increase the viscosity of the solution, even at low
concentrations. Galactomannans, along with cellulose, starch,
xyloglucan, xanthan gum and dextran, are the most economi-
cally demanded polysaccharides. Galactomannan is found in
the seed endosperm of many plants. While several species
are considered as a possible source of this substance, mainly
three legume species — Cyamopsis tetragonoloba (L.) Taub.,
Ceratoniasiliqua L. and Caesalpinia spinosa (Molina) Kuntze
are used for the industrial production of plant gum (Thombare
et al., 2016). With that, guar gum is extracted by the easiest
and cheapest way, stimulating increased interest in guar, as
an agricultural crop (McArdle et al., 2011).

Guar belongs to a rare group of legume species whose seeds
contain a developed endosperm instead of large cotyledons,
which are common for most legumes (Hanson, 2015). In the
cell walls of the guar endosperm, as well as within the cells of
this storage tissue, galactomannan inclusions are concentrated
to provide energy to the developing plant during germination.
All components of the guar seed are used in industry, and the
raw materials obtained from them have a specific name: the
hull (churi) covers two endosperm halves (splits) in the cells
of which galactomannan is stored. The endosperm in turn
surrounds two cotyledons including the embryo (korma).

The technology for producing powdered gum from guar
seeds is the know-how of many commercial companies. The
general scheme of the process usually includes several main
stages: seeds are divided into two halves (split) which are dried
at high temperature. As a result, the cotyledons with the em-
bryo are easily separated from the endosperm. The separated
endosperm halves are heated, the seed hull is softened, and
then separated from the endosperm using various devices, such
as mechanical grinders, attrition and roller mills. As soon as
the endosperm is separated from other tissues of the seed, it is
ground into a powder, from which galactomannan is extracted
by the precipitation with ethanol, then dried. The final product
is a homogeneous white powder, similar in texture to wheat
flour. The most important criteria of the quality of the product

are mesh size and viscosity of the aqueous solution, which is
measured under standard conditions, often using a Brookfield
viscometer (Abidi et al., 2015). The amount and molecular
weight of the galactomannan found in the endosperm extract
can vary significantly, depending on the source of the seed
and the growing conditions (Ellis et al., 2001). Thus, for the
successful introduction guar in the Russian Federation, the
correct choice of regions and environmental conditions for
the cultivation of this crop is just as important as breeding
of new varieties.

In all areas of the Russian Federation, the main limiting
factor for guar cultivation is the sum of effective temperatures
during the growing season. From the analysis of temperature
and humidity parameters of the agro-climatic zones of the
Russian Federation it follows that a number of regions of the
Crimea, Dagestan, Krasnodar, Stavropol and Rostov as well
as the southern Volga, are suitable for guar cultivation since in
those regions the sum of effective temperatures above 10 °C
exceeds 3400-3500 °C (Lebed et al., 2017).

Although guar breeding in Russia started just recently, by
2018 the State Register of Breeding Achievements had re-
gistered five new guar varieties allowed for cultivation in the
Russian Federation. Nevertheless, the question of the most
suitable region for the crop cultivation still remains open, in
particular, due to the lack of information on the quality of guar
gum obtained from seeds that were produced in different eco-
geographical regions. To solve this problem, in 2017-2018 the
Vavilov All-Russian Institute of Plant Genetic resources (VIR)
carried out ecological testing of its guar germplasm collection
at the VIR experimental stations where climatic conditions
corresponded to the temperature requirements of the crop.
The purpose of the tests was primarily to establish to what
extent the region and a growing technology can affect the
main quality indicators of the final target product — the content
and viscosity of the gum extracted from the seeds of different
guar genotypes.

To date, there is no generally accepted standard or any arbi-
tration method for assessing the capability of seeds of various
guar genotypes to serve as a good raw material the production
of gum of a certain viscosity. In the published reports two
independent processes are usually described: 1) the isolation
and purification of gum from seeds to estimate the gum yield,
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and 2) the preparation of a solution from the obtained guar
gum followed by a measurement of its viscosity (Cerqueira et
al., 2009; Eldirany et al., 2015). These techniques are usually
executed by different performers and are separated in time.
Here, for the first time, we propose a method for assessing
the quality of guar seeds for the both indicators — gum yield
and viscosity — in one step, which opens up the possibility for
extensive screening of various guar genotypes using compact
and affordable means.

Material and methods

13 accessions promising in their agrobiological characteris-
tics according to the results of their preliminary evaluation
in 2017 at the Kuban branch of the VIR (Krasnodar region)
were included in the ecological tests (Table 1). In 2018, the
same set of seed accessions of a single reproduction of the
Kuban branch was distributed across all geographical locations
where ecological trials were planned. The amount of seeds in
each location was enough to conduct field trials on an area of
10 m?2 for each accession.

Determination of the content and viscosity of gum
extracted from guar seeds. Mass screening was carried
out according to the newly developed method of labora-
tory assessment of the content and viscosity of gum in guar
seeds. The average seed sample taken in an amount of 2.0 g
(exact weight) was placed in a wide laboratory beaker with
a capacity of 150 cm?3. Seeds in the beaker were poured into
15 cm? of distilled water and placed in an autoclave. Boiling
of the soaked seeds was carried out by holding for 30 min at
a temperature of 121 °C.

Then, after removing the water, the boiled seeds were
placed in a beaker with 50 cm3 of distilled water and stirred
on a magnetic stirrer for 2 hours at room temperature. The
obtained extract was separated by centrifugation at 7000 min—t
for 15 min. The separated precipitate was re-extracted into
50 cm? of distilled water on a magnetic stirrer for 1 hour at
room temperature. The centrifugation and extraction pro-
cedure was repeated one more time, and clarified solutions
after centrifugation were combined to obtain a final extract
volume of 140-160 cm?3. Using the measuring cylinder, the
resulting final volume of the gum extract was estimated with
an accuracy of +1 ml.

The dynamic viscosity of the resulting clarified solution was
measured at room temperature on a Brookfield rotational vis-
cometer (spindle L2, rotation speed 100 min-1). The viscosity
was recorded for 40 min, scoring the initial and final value. In
the solution after measuring the viscosity, the concentration
of “raw gum” was determined as the solids content accord-
ing to standards (GOST 33977-2016, http://protect.gost.ru/).

The final viscosity estimation result was taken at the end
of the measurement. The estimated relative viscosity values
were calculated from the measured values of viscosity and
gum concentration as follows:

_MN—Mg
Mer = ¢
where: 1 — the measured value of the gum solution viscosity,

mPa-s; n, — viscosity of solvent (for water n, = 1 mPa-s);
¢ —“raw gum” concentration in the extract, %.
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Table 1. List of guar accessions from the VIR collection
involved in ecological trials in 2018

No. No.in Where from Variety
VIR the seed material
Catalogue was obtained
1 52568 Argentina Unknown
2 52569 Pakistan Unknown
3 52571 Crimea Unknown

Krasnodar region

Kra

The gum content (GC) in the seeds (in %) was calculated
as the ratio of the amount of extracted gum in the solution to
the initial seed weight:

c-p-V

GC=a,

where: p — the density of the gum extract (at a concentra-
tion of gum less than 0.6 % should be taken p = 1 g/cm?);
V — measured final volume of gum extract, cm®; a — seed
sample taken for extraction, g.

The properties of dry powder guar gum samples, includ-
ing stability and operating parameters as a gelling agent for
hydraulic fracturing fluid, were analyzed in the laboratory of
NIKA PetroTech company. Acommon oil industry method for
measuring the viscosity of a 0.48 % guar solution was used.
This solution would be commonly called a “40 Ib gel” since
contains 40 Ib of guar mixed into 1000 gal of water and at
511 s1 gives a viscosity of 30—45 centipoise (cP), depending
on the quality of the guar gum (Abidi et al., 2015).

Statistical data analysis was carried out using the Sta-
tistica 12.

Results

Ecological trials of guar accessions
at VIR experimental stations
Growing experiments with the set of 13 guar accessions (see
Table 1) were carried out in 2018 at four branches of VIR:
Kuban (Gulkevichsky District, Krasnodar region), Astrakhan
(Astrakhan), Volgograd (Volgograd), Dagestan (Derbent,
Daghestan). Peculiarities of agro-climatic conditions in four
geographical points where the tests were carried out are given
below.

Kuban branch. Seeds were sown in the last decade of
May. Irrigation was not applied. During germination period
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and further from May 28th to July 26th, abnormally high air
temperatures ranging from 30 to 37.6 °C were recorded, with
no any precipitation and strong dry winds, which led to the
drying out of the soil horizon to a depth of 20-25 cm. The
soil temperature at a depth of 20 cm in the first ten days of
June was 21.8 °C, in the second — 23.8 °C, causing cracking
of the soil arable horizon with wide crevices up to 2-5 cm to
a depth of 50-60 cm. Such climatic indicators deviate from
long-term averages, they occur with a frequency of once every
15-20 years and are stressful for the guar culture.

Daghestan branch. In the soil and climatic conditions of
Dagestan (semi-dry subtropics) guar was grown for the first
time. Irrigation (irrigation furrows) was used. Before the
maturing phase, the plants developed quickly showing vigo-
rous young growth. Then, however, heavy precipitation fell
in mid-August, after which plants in the phase of the matura-
tion of lower beans were affected by Alternaria pathogen.
As the result, epiphytotic injury was recorded by September
(4-5 points of defeat at 5- and point scale). This negatively
affected all indicators of productivity.

Volgograd branch. The climate of the Lower Volga region,
where the experimental station is located, is extremely conti-
nental. Spring is dry with a rapid increase in daytime tempera-
tures and frequent strong winds. Summer is hot and dry with
the scorching heat (air temperature is often above 40 °C, no
precipitation). Throughout the growing season of guar, a drip
irrigation system was used. Guar seeds were sown in mid-May
in awell-heated soil at a depth of 2—3 cm, after the soil furrows
were well moistened with water. Pronounced cooling in late
May — early June negatively affected the development of guar,
the plants turned yellow, some of them died. Nevertheless,
after that, under fairly dry weather, high air temperature and
drip irrigation, guar plants grew quite strong and branched
(up to 123 cm in height). During the growing season of guar,
Aphid and Alternaria lesions were monitored — only a small
injury of individual plants was recorded.

Astrakhan branch. The branch is located in the southern
part of the Astrakhan region in the delta of Volga river. The
Astrakhan region is the most droughty area in Russia, gener-
ally characterized as extremely continental. Seeds were sown
in the first decade of May. Sowing was carried out in irrigation
furrows, the seeds were planted in moist soil manually. In order
to preserve moisture and prevent the appearance of soil crust,
manual row harrowing was carried out 5-6 days after sowing.
Subsequently, the care of the crops consisted of timely manual
weeding, cultivation and drip irrigation.

The rapid laboratory assessment of the content and
viscosity of gum in guar seeds

For mass screening of breeding guar material for the content
and quality of gum, we propose a rapid laboratory method
for producing gum extracts from guar seeds with subsequent
viscometric evaluation, without isolating the gum itself in its
pure form. The developed method is based on the extraction of
gum from boiled guar seeds. The boiling conditions (121 °C,
30 min) were chosen experimentally to ensure sufficient
swelling of the endosperm polysaccharides to perforate the
seed coat, but at the same time to prevent loss of gum when
the seeds are soaked in water. Thus, instead of many hours
of seed soaking process followed by isolation and drying
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of the endosperm halves (Eldirany et al., 2015), the whole
procedure takes 6 hours, including measuring the viscosity
and calculating the solids content.

The viscosity of the obtained extract with a solids concentra-
tion of 0.35-0.55 % is measured using a rotational viscometer.
The measured value is adjusted to the solids concentration of
the extract, obtaining the value of the specific viscosity. Other
water-soluble components of guar seeds do not interfere with
determination.

The generally accepted assessment of the viscosity of guar
gum solutions involves the use of rotational viscosimetry at
gum concentrations of about 0.5 % (see ECFA FAO Mono-
graphs 5, 2008). The amount of seeds (2.0 g) taken for analysis
(considering the content of gum in the seeds from 30 to 50 %
and the final extract volume of 150-200 cm?) allows to ensure
the concentration of gum in the aqueous extract at the level
of the desired 0.5 %.

The availability of endosperm polysaccharides for extrac-
tion is determined by the completeness of their hydration.
Previously, it was reported that hydration seed treatment
requires a long-term soaking of about 16 hours (Eldirany et
al., 2015). During the developing of our method, we experi-
mentally established that the degree of hydration of the seeds
(by their volume and residual hardness of the swollen phase),
corresponding to 16 hours of soaking at room temperature,
can be achieved in 2 hours of boiling at atmospheric pressure
or in 30 min of boiling at 121 °C.

To prove this, we estimated the yield of gum polysac-
charides in solution by changing the viscosity of the extract
depending on the duration of extraction (Fig. 1).

The extraction conditions that were established experi-
mentally (3 cycles of 4 hours) provide a gum output of at
least 95 % of those determined by the conventional method
after endosperm halves isolation, and allow the entire analy-
sis procedure to be completed in 6 hours, including boiling
and measuring the viscosity. Gum in a solution purified by
centrifugation makes up at least 90-95 % by weight of the
solids content. That allows, with sufficient accuracy for the
express method, to equate content of gum in the extract to the
total solids content.

The proposed method allows to estimate the content of
gum in guar seeds and its specific viscosity based on only two
measurements — the viscosity of the extract and the dry matter
content in it — with knowing the weight of the seed sample
and the volume of the obtained extract. The specific viscosity
index is dimensionless. For its calculation, the concentration
of solids in the extract is taken into account, the dynamic
viscosity of which is measured by a rotational viscometer
in cP (or mPa-s). This allows the use of a single scale for a
comparative assessment of extracts from various unknown
samples of guar seeds with different concentrations of gum.

To verify the effectiveness of the proposed method, we
estimated the viscosity of the gum samples for two guar
varieties — cv. Kubanskii and Kubanskii Jubileinyi using
the traditional method, after isolation of the endosperm and
preparation of dry guar gum powder. The results coincided
with those obtained according to the method proposed by the
authors within the metrological relative error of £10 %, which
can serve as a good reason for the introduction of the express
method in everyday laboratory practice.
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Fig. 1. Kinetics of viscosity changes in three successive extracts from
boiled guar seeds.

Assessment of gum content and viscosity in the seeds
of guar accessions grown under different
environmental conditions

The developed method for the rapid assessment of the con-
tent and viscosity of gum extracts allowed us to analyze the
seeds of 13 guar accessions grown in 4 geographical points of
ecological testing. The average percentage of gum in the seeds
of 13 test samples varied from 35.4 % (Kuban) to 40.7 % (Vol-
gograd). According to the results of the Student’s t-test (t-test,
dependent samples), guar seeds grown under the conditions of
Volgograd region contained a significantly higher percentage
of gum compared to seeds grown in Astrakhan (p < 0.008),
Dagestan (p < 0.011) and Kuban (p < 0.009) (Fig. 2, a). The
average specific viscosity of gum extracts was maximal for
seeds propagated in the Astrakhan branch (10305), and sig-
nificantly exceeded this indicator compared to seeds obtained
in Volgograd (p < 0.0005), Dagestan (p < 0.003) and Kuban
(p <0.001) (see Fig. 2, b).

When comparing seeds of the same accession grown un-
der different ecological conditions in terms of gum content
and specific viscosity, the correlation turned out to be not
significant (Fig. 3, a, b). Thus, environmental conditions
during cultivation of guar significantly affect the level of ac-
cumulation and properties of gum as a reserve polysaccharide
of guar seeds.

Preparation of dry powder gum samples from seeds
of different guar varieties in laboratory conditions

In addition to the laboratory assessment of the content and
specific viscosity of gum extracts by the express method de-
veloped, we also attempted to produce in laboratory conditions
samples of powder gum from the seeds of 3 out of 13 tested
guar accessions. The accessions selected were the first guar
varieties bred in Russian Federation: Kubanskii, Kubanskii
Jubileinyi and Sinus. The seeds propagated in the Astrakhan
branch of VIR were used.

At the first stage of preparation of powdered gum, after
soaking, the guar seeds were fractionated manually, isolating
the endosperm (split) from the hull and germ (cotyledons with
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Fig. 2. Comparison of average percentages of gum (a) and specific
viscosity of gum extracts (b) in seeds of 13 guar accessions grown at the
Volgograd (1), Astrakhan (2), Dagestan (3) and Kuban (4) branches of VIR.

the embryo). The separated endosperms were then dried at
105 °C for 20 min as suggested by Sabahelkheir et al. (2012)
(Fig. 4, a). Further isolation of the gum from the endosperm
was carried out after 100 g of split were boiled (30 min,
121 °C), and three rounds of extraction at room tempera-
ture (1 hour each) were conducted. Insoluble residues were
removed by centrifugation. After each extraction, the gum
fraction was precipitated with acetone, dried at 105 °C in air
and ground. The resulting dry powdered gum samples obtained
after three successive extraction steps are shown in Fig. 4, b.
The obtained dry powder guar gum samples (accessions No. 5,
7 and 13, see Table 1) were then transferred to the laboratory
of NIKA PetroTech company for the further analysis.

Assessing of the powder guar gum samples
as a gelling agent for hydraulic fracturing fluid

In the oil industry one of the most actual methods for
increasing the efficiency of producing wells is hydraulic
fracturing, which results in increased oil recovery from the oil
reservoir (Silin etal., 2013). Hydraulic fracturing is a process
in which fluid pressure acts directly on the oil-bearing rock
until it collapses and a crack occurs.

To create hydraulic fractures in oil-bearing rock and to
pump proppant there, an aqueous polysaccharide gel is
commonly used. For more than 50 years, guar-based fluids
and guar derivatives have been used as thickeners to create
linear gels. Since the late 1960s and in present the so-called
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Fig. 3. Comparison of the quantity and quality of gum in the seeds of 13 guar accessions grown at different VIR experimental stations in 2018: a, gum
content (%) in the seeds of the accessions; b, specific viscosity of gum extracts from seeds of the accessions.

The numbers on the X-axis correspond to the numbers of the accessions in Table 1.

Fig. 4. Preparation of dry powder gum samples from guar seeds in laboratory conditions. g, fractions of seeds: embryo and
cotyledons (korma), seed coat (churi) and endosperm (split) containing gum; b, dry gum powder obtained from endosperm: from

left to right — after three successive extraction (purification) steps.

“cross-linked” hydraulic fracturing fluids are used — solutions
of polysaccharides that are complexed with multivalent ions
of boron and other metals (cross-linkers). When a linear gel
interacts with a cross-linker, complex bonds form between
polymer chains. This interaction creates a cross-linked sys-
tem, turning a low-viscosity fluid (linear gel) into a highly
viscous structured fluid (cross-linked gel) that can hold and
transport proppants into the oil-bearing formation to increase
conductivity.

In NIKA PetroTech company three samples of powder
gum obtained in the laboratory conditions were tested to
their ability to provide a stable gel cross-linked with boron-
containing agents with high sand-bearing characteristics. An
estimated qualitative characteristic of a cross-linked hydraulic
fracturing fluid is the ability to form a “tongue” (Fig. 5). The
presence of the “tongue” indicates the sufficient viscosity of
the obtained cross-linked gel. The viscosity of a linear gel is
considered to be working at 40-45 mPa-s; while the viscosity
of the cross-linked system should be in the range of more than
300—400 mPa-s, depending on the particular requirements.

As follows from the Table 2, the final viscosity of the gum
powder solution (linear gel) obtained from the seeds of variet-
ies Kubanskii and Kubanskii Jubileinyi reaches the required
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threshold level after 30 min (41.1 and 36.2 cP, respectively).
This indicates the potential possibility of obtaining powder
gum with desired properties from guar seeds produced in the
Russian Federation. By the speed of viscosity increase, which
is determined by the ratio of the viscosity index after 3 min of
hydration to the maximum value of viscosity, the Sinus guar
variety was distinguished.

Figure 6 shows that the obtained cross-linked gel meets the
minimum quality requirements for fracturing fluid. A decrease
in viscosity during the first 35 min is a typical thermal attenu-
ation of the system and is acceptable; from 35 to 60 min, the
average viscosity stabilizes and reach a value of 350 mPa:s.
The standard concentration of dry gel in the hydraulic fluid
is 3.6 kg/m3. A higher concentration of the obtained product
(4.8 kg/m3) indicates that it is necessary to refine the cleaning
process of the dry powder gum, as well as to conduct addi-
tional investigations of the molecular weight distribution of
the resulting polymer.

Discussion

Galactomannan (guar gum), a water-soluble reserve polysac-
charide of guar seeds, is used as a gelling agent in liquids,
including in the oil and gas industry for hydraulic fracturing. In
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Fig. 5. Appearance of a cross-linked gel
obtained from a laboratory sample of powder
gum (cv. Kubanskii).

our study it was found that the different
guar varieties possess distinct values of
the total content and specific viscosity of
gum extracts from seeds, and these indi-
cators can vary significantly depending
on the guar variety and the conditions
of its cultivation.

For a comparative study of proper-
ties of gum contained in the seeds of
various guar genotypes for the first time
we proposed a rapid laboratory method
for obtaining gum extracts for the gum
quantity and viscosity evaluation. The
developed method allows fast screen-
ing of the breeding material for the
selection of guar varieties, promising
from the point of view of using gum
manufactured from their seeds in the oil
and gas industry. The results of applying
of the new method for the laboratory
assessment of the content and viscosity
of gum in the seeds of 13 guar samples

BnmnaHwe ycnosui BbipaluBaHna pasinyHbIX reHOTUMNOB ryapa 2019
(Cyamopsis tetragonoloba (L.) Taub.) Ha cBOCTBa Kameamn ceMAH 3.7
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Fig. 6. Graph of the temperature stability of a cross-linked guar-borate gel obtained at a temperature
of 95 °C from a powdered gum sample prepared from seeds of guar accession No. 5, propagated at
the Astrakhan branch of VIR (upper broken line).

The left ordinate axis represents the viscosity index in cP (Brookfield; Viscosity). Two constant values are
plotted on the right axis: a solid straight horizontal line reflects the constant speed of rotation of the
beaker with the sample (Shear rate, 117.6 rotations per sec); the dashed line represents the temperature
of the system (95 °C).

showed that the yield and properties of the gum of the same variety vary greatly
depending on the growing conditions.

Until now, attempts to grow guar as an industrial crop have been carried out in
the Krasnodar region (Lebed et al., 2017), and in the Crimea, where guar is usually
grown without irrigation (on a dry land). Although some success in obtaining yield
in these regions was achieved, the risks of yield loss in the absence of rainfall du-
ring critical periods of plant development were also revealed. Thus, the idea of the
possibility of guar production in the Lower Volga region using irrigation has now
received support according to our results obtained from environmental tests of guar
genotypes in different regions of the country.

So, the 2018 experiment on growing the same set of 13 guar accessions at four
VIR experimental stations (Volgograd, Astrakhan, Dagestan and Kuban branches)
showed that the maximum specific viscosity of gum was detected for seeds obtained
in the Astrakhan branch, where irrigation is usually applied. Subsequent analysis
of powder gum samples obtained in laboratory conditions from the seeds of three
guar varieties grown at the Astrakhan branch also showed their potential suitability
for industrial use. On the other hand, the maximal gum content among the all guar
accessions tested was recorded for the seeds propagated under the conditions of
the Volgograd branch of VIR with drip irrigation. The results are preliminary, as
they are based on the results of environmental tests of just one year. However, they
indicate that, given the appropriately developed technology for propagation of this
crop under unusual growing conditions, the idea of cultivating guar with irrigation

Table 2. Physical and chemical parameters of the guar gum powder
obtained from the seeds of three guar varieties reproduced in the Astrakhan branch of VIR

Parameter

Kubanskii Temperature, | Kubanskii Temperature, | Sinus Temperature,
°C Jubileinyi °C °C

4.7 20.7 2.3 219 10.2 21.2

411 214 36.2 224 29.2 19.0

7.16 20.7 6.59 22.1 6.65 19.0
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in the Astrakhan and Volgograd regions can be promising and
get support from the agribusiness.

Conclusion

Assessing of the powder guar gum samples prepared from
seeds of guar varieties developed in Russian Federation allow
us to conclude that the product is suitable for use as a gelling
agent for hydraulic fracturing fluid used intensify oil and gas
production. This experience is new to the Russian Federation.
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