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Effects of Cellulose Aquasorb on Properties of Substrate and
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Abstract: As a new type of water-saving polymer materials, aquasorb can ameliorate soil structure, facilitate formation of
soil aggregate, enhance water holding capacity of soil, adjust plant rhizosphere environment, reduce the loss of soil
nutrients and promote crop growth. In the experiment, microcrystalline cellulose aquasorb and straw residue aquasorb were
synthesized by orthogonal optimization. In the process, acrylic acid was employed as graft monomer, potassium persulfate
(KSP) as initiator, and N, N-methylene bisacrylamide (NMBA) as crosslinking agent. The max water absorbency of two
aquasorbs ( microcrystalline cellulose aquasorb and straw residue aquasorb ) were 401.20 g/g and 382.22 g/g,
respectively. In this paper, the effects of these two kinds of cellulose aquasorbs on the physicochemical properties of the
substrate and growth physiological indexes of cucumber seedlings such as root activity, seedling index and G value ( the
growth rate of the daily average dry mass) etc. were compared. The results indicate that after the addition of two cellulose
aquasorbs in plug seedling, there are significant effects on promoting soil physicochemical properties and the growth of
cucumber seedlings. After 36 days, when the mass fraction of microcrystalline cellulose aquasorb is 0.3% , the G value,
seedling index and root activity of cucumber seedlings samples can reach (0.0154 +£0.0009) g/d, 0.4892 +0. 0762 and
61. 82 pg/(g-h) respectively. When the mass fraction of added straw residue aquasorb is 0.3% , the G value, seedling
index and root activity of cucumber seedlings samples can reach (0.015 6 +0.0004) g/d, 0.508 9 +0.098 5, and

60.90 g/ (g-h) respectively. The research results show that straw residue aquasorb can be used as a new type soil

aquasorb applied in field production.
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0 Introduction

Drought has always been an important factor

" in some areas of

restricting agricultural development''
China. Application of aquasorb provides farming an
effective way to enhance water use efficiency'? .
Aquasorb with high water absorbency belongs to

3-4)\vhich can absorb water tens

macromolecule polymer
or even hundreds of times more than its own mass to
form hydrogel repeatedly”~*. Aquasorb can ameliorate
soil structure, increase the contents of stable aggregate

water!”~

) and adjust water, nutrition, air, heat and
other rhizosphere factors to promote crop growth' .

In order to explore the impacts of aquasorb on both
substrate capacity of holding water and quality of
vegetable seedlings, Jiang Yagin et al. ' selected

egeplant, gourd and other plants treated by aquasorb
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with two kinds of particle size to conduct seedling
experiment. Research results showed that aquasorb can
holding

significantly besides it can provide sustained moisture

enhance  water capacity  of  substrate
to the growth of seedlings. Applying cucumber as the
test crop, Han et al.'? studied the impacts of
aquasorb with different mass fraction on both nursery
block and quality of seedlings, and the results
indicated that excessive amount of aquasorb used in
compressed block of substrate can decline the quality of
cucumber seedlings. In lettuce pot cultivating, Luo et
al. '"*) tested the impacts of three kinds of aquasorb on
nutrient leaching and lettuce growth. The results
indicated that aquasorb can improve soil moisture,
moderate the damage of water stress on tissues of plant

and increase chlorophyll content indirectly.

As a new type of water-saving polymer materials,

Supported by Special Fund for Agro-scientific Research in the Public Interest( Grant Nos. 201303108,201503137)
Corresponding author; Wang Yuxin, Associate Professor. E-mail: meller@ 163. com. Tel: +86 — 13862737993.



2 TRANSACTIONS OF THE CHINESE SOCIETY FOR AGRICULTURAL MACHINERY 2016

three categories aquasorb including starch, cellulose
and the synthetic are widely applied''. Traditional
high absorbency materials such as polyacrylic acid and
polyacrylamide belong to synthetic polymers, and the
degradability of these materials in natural environment
is low. One of disadvantages of starch aquasorb is that
it is inferior to resist mildew'"’. Comparing with starch
aquasorb, absorbency of cellulosic aquasorb is a little
lower, but easiness of pH regulation, well performance
of salt absorption and fine biodegradability in nature
indicate that cellulosic aquasorb is a kind of
environment friendly water-holding material '®'. With
enlarging of cellulose aquasorb study, raw materials
have been shifted from traditional cellulose derivatives
( such as carboxymethyl cellulose, hydroxyethyl
cellulose ) to natural cellulose, in particularly straw,
biogas residue and other rich cellulose agricultural
wastes'!".

Under this circumstance, microcrystalline cellulose
and straw residue aquasorb were synthesized by
orthogonal experiment in the laboratory. 1In the
process, acrylic acid was employed as graft monomer,
potassium persulfate ( KSP) as initiator, and N, N'-
methylene bisacrylamide ( NMBA ) as crosslinking
agent. Heating on microwave, two kinds of aquasorb

(microcrystalline cellulose aquasorb and straw residue

aquasorb) can be obtained and their maximum water
absorbencies were 401.20 g/g and 382.22 g/g,
respectively.

In this experiment, two kinds of aquasorb are
employed in cucumber plug seedling. The effects of
aquasorbs with different mass fractions on the
physicochemical properties of substrate including bulk
density, pH value, conductivity and growth
physiological indexes of cucumber seedlings such as
roots activity, leaf SPAD, root to shoot ratio( RTR) ,
average daily amount of dry matter increase (G) and
seedling index are tested and compared. The purpose
is to provide reference for the development and

extension of aquasorb in the field production.
1 Materials and methods

1.1 Test materials
Tested vegetable is cucumber which breed is called
“Zhongnong 18 ” cultivated by the Institute of

Vegetables and Flowers, Chinese Academy of
Agricultural Sciences.

Nursery substrate is mixed by peat, vermiculite and
perlite. The volume ratio is 2: 1: 1. Substrate is offered
by Beijing Zhentai Horticultural Facilities Limited
Company. The basic physicochemical properties of

substrate are listed on Tab. 1.

Tab.1 Basic physicochemical properties of substrate

Conductivity/ Test weight /

pH value

N mass ratio / P mass ratio/ K mass ratio/

(mS+em™") (grem™?) (mg-kg™") (mg-kg™") (mg-kg™)
7.01 6.45 0.61 193. 40 7.34 115. 46
Two kinds of aquasorb were synthesized by T2 and T3 and their mass fractions of aquasorb are
orthogonal experiment in Key Laboratory of Agricultural 0.3%, 0.6% and 0.9% , respectively. The groups

China

Agricultural University. Order 1 of testing aquasorb is

Engineering in Structure and Environment,

microcrystalline cellulose aquasorb. Order 2 of testing
aquasorb is straw residue aquasorb.
1.2 Design of experiment

Experiment is to be conducted in the greenhouse at
College of Water Conservancy and Civil Engineering,
China Agricultural University, from March 7, 2015 to
April 15, 2015.

Seven treatments, called CK, T1, T2, T3, T4, T5,
and T6 are arranged in the experiment, and in the
control group CK there is no any aquasorb. The groups

treated by microcrystalline cellulose aquasorb are T1,

treated by straw residue aquasorb are T4, TS and T6
and their mass fractions of aquasorb are 0.3% , 0. 6%
and 0.9% , respectively. Plug tray each with 4 x 8
holes is employed. 50g substrate and 30mL water are
filled in every hole and physicochemical properties of
substrate at the initial state are monitored.

Two cucumber seeds are sowed in every hole of the
plug trays. Before the seedling emerges, every day
there is 300mL of water to irrigate substrate in the plug
tray to ensure germinating of cucumber seeds. After
emergence, only one seedling is retained in each hole
of the plug tray. At the same time, corresponding to

CK, every other treatment is provided equal amount of
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irrigating water. Every day 200 mL of Japanese-style
Garden nutrient solution in each plug tray is applied
after the first true leaf of cucumber seedling come out
(15d after sowing ).
KNO, 810 mg/L. , Ca (NO,), 950 mg/L. , MgSO,
500 mg/ L., KH,PO, 155 mg/L., iron chelate 20 mg/L.
From unfolding of the first true leaf to the stage of

The nutrient formulation is:

3-leave with a heart leaf, every five days in each
treatment, every treatment there are six repeats of
cucumber seedling to be monitored. Items of
monitoring include seedling height, stem diameter and
SPAD of leaf etc. From the 16" day after emergence of
seedling, every ten days samples are selected to test
basic physicochemical properties of substrate, mass of
fresh shoot, mass of dry shoot, mass of fresh root and
mass of dry root. At 37" day after cucumber seedling
emergence, root activities of all treatments are
measured.
1.3 Measurement items and methods
1.3.1 Physicochemical property of substrate
Measuring items include relative moisture content of
substrate, bulk density, pH value and conductivity
(EC). Testing methods of relative moisture content
and bulk density refer to literature[ 18 ] and other items
of measurement mainly refer to methods from Bao'"’.
1.3.2 Morphology indexes of cucumber seedling
Seedling height; seedling height refers to the length
from the growing point to substrate surface and testing

7357 @l6d m26d m36d
730}

7251
7201
T15F
T10F 1
T.05 1
7.00 HE
695 H{
690 H{
6.85

pH value

Treatments
(a) pH value

tool is ruler.

Stem diameter; diameter of lower end of the seedling
cotyledons and diameter of the stem base are measured
by the electronic digital caliper.

Chlorophyll relative content: measuring 10 selected
positions randomly on the seedling leaf with chlorophyll
relative content testing instrument ( model: SPAD-
502) on selected day between 10:00 to 11 :00.

Mass of dry and fresh matter; removing water on the
surface of washed seedlings, their masses can be
measured by the electronic balance. Drying the sample
of seedlings to the constant, the mass of dry shoot and
the mass of dry root can be measured.

Furthermore , root to shoot ratio (RTR) , growth rate
of daily average dry matter (G) and seedling index
(SI)™ 2" are used to evaluate the quality of
cucumber seedlings.

Root activity: root activity is tested by TTC

( triphenyl tetrazolium) reduction method'?’.
2 Results and discussion

2.1  Effects on physicochemical properties of
substrate
2.1.1 pH value and conductivity ( EC)
Changes of pH value and EC value in each treatment
are listed in Fig. 1. It shows that pH value and EC
values were increased gradually as the days of

cultivation went on.

aléd w@26d m36d

e
]
w04
E

Treatments
(M EC

Fig.1 Comparison of each treatment for pH value and EC value on different cultivation days

Due to the cellulose aquasorb weak alkaline, Fig. 1a
reflects that mass fraction of aquasorb and the pH value
Fig. 1b
shows the effects of two kinds of aquasorb on EC of the

are correlated positively in the treatments.

substrate. At the beginning, EC was increased and
then decreased, EC values in the group CK is the

lowest on the 36" day after seedling emergence.

2.1.2 Bulk density and relative moisture content
Changes of substrate bulk density and relative
moisture content in each treatment are showed in Tab. 2.
On the 16" day after seedling emergence, bulk
densities of the group CK and treatments T1, T4 are
larger than those of other treatments, and there is no

significant difference in the three treatments at the level



4 TRANSACTIONS OF THE CHINESE SOCIETY FOR AGRICULTURAL MACHINERY 2016

Tab.2 Comparison of bulk densities and relative moisture content

16" day 26" day 36" day
Treatment Bulk density/ Relative moisture Bulk density/ Relative moisture Bulk density/ Relative moisture
(grem™) content/ % (grem™?) content/ % (g-em™3) content/ %

CK 0.44 £0.03* 34.25 £2.52" 0.45 £0.01° 28.17 =0. 234 0.70 +0.02° 40.39 £0. 11°
T1 0.45 +0.03™ 36.47 +1.99" 0.43 +0. 02 31.05 +0. 67° 0.58 +0.01" 41.13 £0.71%
T2 0.41 +0.02" 37.93 +2.09 0.45+0.01% 28.48 +0.25¢ 0.48 £0.01°¢ 41.75 £0. 61"
T3 0.41 +0.01" 35.92 +2.97° 0.42 +0. 02" 30.56 1. 38¢ 0.45 +0.01% 43.36 +0. 84"
T4 0.48 +0.03" 42.92 +2. 65° 0.43 £0. 02" 34.63 £0. 85" 0.54 +0.03" 40.53 +0. 36°
T5 0.41 +0.01> 34.03 +1. 140 0.41 +0.02° 39.42 £0. 82° 0.42 +0. 044 41.16 1. 15%
T6 0.43 +0.01% 37.25 +0.45% 0.43 +0. 02" 36.50 +1. 18" 0.45+0.01% 42.42 £0. 1%

Note; the data format is “average value + standard deviation” and different lowercase letters indicate that the significant difference is less than the level

of 0. 05, the same below.

of 0.05.

content in T4 have the biggest values at this stage.

Both bulk density and relative moisture

On the 26" day after cultivation, relative moisture
content in the group CK is still the least, and the bulk
density in each treatment has no obvious change
comparing with that of the 16" day.

On the 36" day, the value of bulk density in CK is
still the biggest one, and its relative moisture content is
The descending order of bulk
densities in the groups treated by microcrystalline
cellulose aquasorb is T1, T2 and T3. Obviously, the

descending order of bulk densities in the groups treated

the smallest one.

by straw residue squasorb is T4, T6 and T5.

Under the same irrigating condition, mass fraction of
squasorb is negatively correlated with bulk density and
positively related to relative moisture content of
substrate.

2.2 Effects on morphology of cucumber seedling
2.2.1 Seedling emergence rate

Emergence rates of cucumber seedling are checked
7 d after sowing. Fig. 2 shows the comparison of
emergence rates in the group CK and all the other
treatments. It is can be seen that the emergence rates
in the seven groups are all higher than 90% and there
is no significant difference among them. It indicates

kinds

germinating of cucumber seeds.

that these two of aquasorb are safe on
2.2.2 Cucumber seedling height

Changes of cucumber seedling height are shown in
Fig. 3. All the time seedling heights in the control
group ( CK) are higher than that in the rest six
treatments during the 37 d of cultivation. From the 15"
to 30" day, there is no significant difference in

seedling heights between T2 and T4 and their seedling

Seedling emergence rate/%
o
(=]

P e P

CK T1 T2 T3 T4 T5 T6
Treatments

Fig.2 The comparison of emergence rates

of cucumber seedling

heights are all higher than that among the other groups
treated by aquasorb. Furthermore, there is no
significant difference in seedling heights between T1
and T3, the same as treatments TS and T6, but
seedling heights in T5 and T6 are lower than that of
treatments T1 and T3.

From the 35" to 37" day, among treatments T1, T2,
T3 and T4, their seedling heights have no significant
difference, and all of them are higher than that of in
treatments T5 and T6 while T5 has the lowest seedling
height. The descending order of seedling heights in the
groups treated by “Order 1”7 aquasorb is T2, T1 and
T3, while the descending order of seedling heights in
the groups treated by “Order 2”7 is T4,T6 and T5.

Due to strong absorption of aquasorb, increase of
moisture content in cultivating substrate could affect the
permeability of rhizosphere environment and inhibit the
growth of cucumber seedlings at their early stages. On
the contrary, with the growth of the seedlings, they
need more water. Gradually releasing of absorbed water
in aquasorb can promote the growth of cucumber
seedlings.

2.2.3 Stem diameter of seeding
The comparison of cucumber seeding stem diameters

is shown in Fig. 4. On the 15" day, stem diameters of
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Fig.4 Comparison of cucumber seeding stem diameters

seedling have mno significant difference
treatments T1, T3 and T4, but T3 has the tallest
CK, T5 and T6 have no

significant difference in stem diameters and their

among
seedling stem diameter.

seedling diameters are smaller than that of the rest
treatments. With the increment of cultivating days,
stem diameters in treatments T2 and T6 are becoming
larger.

On the 30" day after seedling emergence, the stem
diameters in the group CK and T4 are smaller than that
of the rest treatments. There is no significant difference
in stem diameters among T1, T5 and T6, but they are
lower than that of treatments T2 and T3.

On the 35" day, among CK, TI, T4 and TS, there
is no significant difference in stem diameters, and stem
diameters in CK and T4 are smaller than that of the
rest treatments. At this stage there are no significant
difference in stem diameters among T2, T3 and T6,
but treatment T3 has the tallest stem diameter.

On the 37" day, the ascending order of stem

diameters in the groups treated by “Order 1”7 aquasorb

is T1, T2 and T3, and the ascending order of stem
diameters in the groups treated by “Order 2” aquasorb
is T4, TS and T6.

2.2.4 Seeding chlorophyll relative content

The photosynthetic rate is an important indicator to
reflect dry matter accumulation of crop and closely
related to the chlorophyll content of seedling. Fig. 5
shows the comparison of cucumber seeding chlorophyll
relative content( SPAD value)in the group CK and the
other treatments.

At the stage (period of first true leaf) of 15 d after
seedling emergence, SPAD values in all treatments are
higher than 30. There is no significant difference
among groups CK,T1, T2, T3, T4 and TS5, but the
difference between CK and T6 is significant at the level
of 0.05. SPAD value in the group CK is the largest
one and T6 has the smallest SPAD value.

On the 35" day, the SPAD value in treatment T1
declines in some extent and it has significant difference
comparing with that of T2 and T4 at the level of 0. 05.
At 37" day, the SPAD values in all groups treated by
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Fig.5 Comparison of cucumber seeding chlorophyll relative content( SPAD value)

aquasorb are higher than that of the group CK, and the
SPAD values in T2 and T4 are larger than that of the
other treatments as well.

2.2.5 Fresh and dry mass of seedling

The mass of dry and fresh matter are important
indicators to measure growth condition of cucumber
seedlings. Fig. 6 shows the changes of fresh and dry
matter of cucumber seedlings in each group.

On the 16" day, it can be seen from Figs. 6a , 6b
that among T1, T2, T3 and T4 there is no significant
difference in both fresh and dry mass of shoot, and
treatment TS5 has the lowest shoot fresh mass and dry
mass. Figs. 6c¢, 6d show that the group CK has the
smallest root fresh and dry mass. Comparing with other
treatments, T1, T2 and T4 have larger root fresh and
dry mass, but there is significant difference among

them. 26 d later, the difference of seedling mass is
1e

aTs

oCK
6F a

0 aTi
g 5| -
- [ W
< 4T a aT3
" 3
-1 Tabahab
= 3F b aT4
=

aTs

26 36
Days after seedling emergence
(a) Mass of fresh shoot

oCK
Tl
aT2
B8T3
aT4
oTs
aTe6

Mass of fresh root/g

16 26 36
Days after seedling emergence
(¢) Mass of fresh root

becoming clear.

On the 36" day, the group CK has the lowest fresh
seedling mass comparing with that of the rest
treatments. The descending order of seedling mass
values in the groups treated by “Order 1” aquasorb is
T1, T2 and T3. At the same time, the descending
order of dry shoot mass in the groups treated by “Order
27 squasorb is T4, T6 and T5, but the descending
order of root dry mass in the groups treated by “Order
2” squasorb is T4, T5 and T6.

2.2.6 Quality of cucumber seedling

Tab. 3 shows the changes of cucumber seedlings
root/shoot ratio (RTR), average daily amount of dry
matter increase (G) and seedling index (SI) on the
36" day after seedling emergence.

On the 16" day, the root/shoot ratio (RTR) in TS
and T6 are larger than that of the other treatments, and

06 agh A oCK
aTl
a2
873
BT4
oTs
8T6

in

=1
1

Mass of dry shoot/g
o o
(] (V]

0.1
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0.06 .
&0 oCK
o
% 0.05 aTl
__:‘C' 0.04 |2
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Fig.6 The comparison of each treatment on fresh mass of cucumber seeding and dry mass of shoot and root
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Tab.3 Comparison of each treatment on cucumber quality

Treatments CK Tl ™ T3 T4 T5 T6
RTR/ N 0.13 + 0.18 + 0.16 + 0.16 + 0.18 + 0.23 + 0.22 +
(grg™) 0. 02¢ 0.01" 0.01" 0.01" 0.01" 0.01% 0.02%
B 0.005 3 + 0.007 0 + 0.007 3 = 0.006 9 + 0.007 1 + 0.003 8 = 0.004 3 =
16" day G/(g-d7") | . . i be
0. 000 5" 0. 000 5* 0. 000 7* 0. 000 8* 0. 000 4* 0. 000 2¢ 0. 000 2"
o 0.0477 + 0.0780 + 0.0799 + 0.0819 + 0.0787 + 0.0575 + 0.0555 +
0. 006 7" 0. 007 5° 0. 008 4* 0. 005 2* 0. 005 4* 0. 003 3> 0.001 2>
RTR/ o 0.14 0.12 0.13 0.12 0.12 = 0.18 = 0.15 =
(g g ) 0. 02" 0. 01" 0. 01" 0. 01" 0.02¢ 0.02° 0. 02
B 0.008 7 + 0.009 6 + 0.0105 + 0.008 7 + 0.008 8 + 0.0070 + 0.0079 +
26" day G/(g-d l) be al : be be 1 d
0. 000 7" 0. 000 7% 0. 000 9* 0. 000 4" 0. 000 5" 0. 000 4° 0. 000 8
o 0.1829 + 0.2325 % 0.2483 + 0.2069 + 0.176 1 0.1705 0.2162 +
0.0207" 0.030 9 0.019 42 0.014 7% 0.0262" 0.0153" 0.028 7%
RTR/ ) 0.09 + 0.09 + 0.10 + 0.10 + 0.09 + 0.10 + 0.09 +
(g8 0.01° 0.01° 0.01° 0.01° 0.01° 0. 02° 0. 02¢
26" d 6/ ged-1) 0.0125 + 0.0154 + 0.0154 + 0.0146 = 0.0156 % 0.0125 % 0.0131 %
o Ay g 0. 000 7° 0. 000 9* 0. 001 9* 0.001 5% 0. 000 4° 0. 001 3¢ 0. 000 6"
o 0.3705 + 0.4892 0.490 8 + 0.4572 = 0.5089 =+ 0.4710 = 0.408 0 =
0.0129" 0.076 2% 0. 1002 0. 109 9* 0. 098 5° 0.031 9 0.0371"

the group CK has the smallest RTR value. 36d later,
there is no significant difference on RTR values among
all treatments and all of them are stable at 0.09 ~
0. 10.

On the 16" day, there is no significant difference on
G values among T1 ~T4. Treatment T2 has the biggest
G value (0.007 3 £0.000 7) g/d, and T5 has the
smallest G value (0.0038 +0.0002)g/d. On the 26"
day, G values in T3 and T4 are lower than that in T1
and T2 obviously, and G values in TS and T6 are lower
than that in CK significantly. On the 36" days, G
values in T3 and T4 were increased, T4 has the biggest
one and CK has the smallest one.

T1 and T2 which were treated by “Order 1” aquasorb
have larger G values. The groups treated by “Order 27
aquasorb, their descending order of G values are T4,
T6 and TS.

The values of seedling index in CK, T5 and T6 are
lower than that of in Tl ~ T4 significantly on the 16"
day. On the 36" day, the value of seedling index in
CK is the lowest one, 0.3705 +0.012 9. The values
of seedling index in the groups treated by “Order 17
aquasorb have little difference at the level of 0. 05.
The descending order of seedling index values in the
groups treated by “Order 27 aquasorb is T4, T6 and
T5.

2.2.7 Root activities

Root is an important organ for plant to absorb water

and mineral nutrition, and enzyme activity in root is

TTC ( triphenyl

the key indicator for its activity.

tetrazolium ) reduction of roots can reflect the activity

of succinate dehydrogenase which has higher
correlation with respiration.

After 36 d of seedling emergence, the changes of
root activity in all treatments are shown in Fig. 7. Root
activities in treatments T1 and T4 are higher than that
in the other treatments significantly. Root activities in

“Order 17
descending order are T1, T2 and T3, and the groups

the groups treated by aquasorb on

treated by “Order 2” on descending order are T4, T5
and T6.

60.90a

56,76b

5411b 53 89h 54.90b

@ oan

: : pa
CK Tl T2 T3 T4 TS5 T6
Treatments

Fig.7 The comparison of root activities 36 d

after seedling emergence

3 Conclusions

(1) The two kinds of aquasorb can affect the
physicochemical properties of substrate, ameliorate soil
structure and enhance its water holding capacity. The
tests show that cellulose aquasorb with weak alkaline
can improve pH value of nursery substrate and also can
cause fluctuation of conductivity (EC). Application of

aquasorb can help to enhance substrate adsorbing on
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nutrients, reduce their leaching losses and improve
using efficiency of fertilizer.

(2) Aquasorb has the advantage of improving
cucumber seedling index and root activity in plug
seedling. Experimental results show that aquasorb with
appropriate mass fraction is safe to cucumber seed
36 d

fraction of

germinating and seedling emergence. after

seedling emergence, when the mass
microcrystalline cellulose aquasorb is 0.3% , the G
value, seedling index and root activity of cucumber
seedlings can reach (0.015 4 + 0.000 9) g/d,
0.4892+ 0.076 2 and 61.82 pg/(g - h),
respectively. When the mass fraction of straw residue
aquasorb is 0. 3% , G value, seedling index and root
activity of cucumber seedlings can reach (0.015 6 +
0.0004) g/d, 0.5089 +0.098 5, 60.90 ng/(g-h),
respectively.

(3) Due to higher water absorption ratio, excessive
application of aquasorb will affect permeability of
substrate and inhibit growth of seedlings. By orthogonal
experiment, microcrystalline cellulose and  straw
residue aquasorb are synthesized in the laboratory, and
their maximum water absorption ratios can reach
401. 20 g/¢ and 382.22 g/¢, respectively.

(4) The absorbency of microcrystalline cellulose
aquasorb is higher than that of straw residue aquasorb),
but the cost of microcrystalline cellulose aquasorb also
is higher. As fermentation material in large biogas
project, the accumulation of straw residue will pollute
the surrounding environment. Transforming straw
residue into aquasorb is one of effective ways to use

waste resources.
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Effects of Cellulose Aquasorb on Properties of Substrate and Growth
of Cucumber Seedling

Wang Yue Wang Yuxin Shi Guangying
(College of Water Conservancy and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract; As a new type of water-saving polymer materials, aquasorb can ameliorate soil structure,
facilitate formation of soil aggregate, enhance water holding capacity of soil, adjust plant rhizosphere
environment, reduce the loss of soil nutrients and promote crop growth. In the experiment,
microcrystalline cellulose aquasorb and straw residue aquasorb were synthesized using by orthogonal
optimization. In the process, acrylic acid was employed as graft monomer, potassium persulfate ( KSP)
as initiator, and N, N'-methylene bisacrylamide ( NMBA ) as crosslinking agent. The the max water
absorbency of two aquasorbs ( microcrystalline cellulose aquasorb and straw residue aquasorb) were
401.20 g/g and 382.22 g/g, respectively. In this paper, the effects of these two kinds of cellulose
aquasorbs on the physicochemical properties of the substrate and growth physiological indexes of cucumber
seedlings such as roots activity, seedling index and G value (the growth rate of the daily average dry
mass) etc. were compared. The results indicate that after the addition of two cellulose aquasorbs in plug
seedling, there are significant effects on promoting soil physicochemical properties and the growth of
cucumber seedlings. After 36 days, when the mass fraction of microcrystalline cellulose aquasorb is
0.3% , the G value, seedling index and root activity of cucumber seedlings samples can reach (0.0154 +
0.0009)g/d, 0.4892 +0.076 2 and 61. 82 wg/(g-h), respectively. When the mass fraction of added
straw residue aquasorb is 0.3% , the G value, seedling index and root activity of cucumber seedlings
samples can reach (0.0156 £0.0004) g/d, 0.5089 +0.098 5, 60.90 pwg/(g-h), respectively. The
research results show that straw residue aquasorb can be used as a new type soil aquasorb applied in field
production.

Key words: cucumber seedling; cellulose aquasorb; straw residue; substrate
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Tab.1 Basic physicochemical property of soil substrate

pHfi HMSR/(mS-em™") K/ (grem ™)

AR R/ (mgekg ™) AT/ (mg-kg™") B FR L/ (mg-kg ')

7.01 6. 45 0.61

193. 40 7.34

115. 46

PR PR K 2 Fof B K G 3y AR PR 4 A
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Al 2T 4 AR KGR <2 5 DR OK R - RS AT IR i R K
o
-2 Wit
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TH DR 2K R 5 2 BB R 0.3% (T4) ,0.6% (T5) |
0.9% (T6) , A AT AT £ 7K 57 oy X B4 (CK) o 2R
4 x8 WYX AL H B, A A TR T TS0 g, AR K

il
1

5T R A Y5 A 30 mL 57K, I 40 1 R 2
TR PRACPE T, AR 2 RLARN -, T,
FERINA 300 mL 7K, LR UE NP F 85 & . G,
B R — R4, FLG BE AL D K i, PR 7K 5
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Fig.1 Comparison of each treatment for pH value and EC value on different cultivation days
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Tab.2 Comparison of each treatment on substrate unit weight and relative water content

b %16 K 526 K %536 K
T/ (grem ™) MR £k R/ % KE/(grem ™) HIAF 5K 3R/ % S/ (grem ™) X 85 KR/ %
CK 0.44 £0.03® 34.25 +2.52° 0.45 £0.01° 28.17 0. 23¢ 0.70 £0.02° 40.39 +0.11°
Tl 0.45 +0.03™ 36.47 £1.99" 0.43 0. 02" 31.05 £0.67° 0.58 +0.01" 41.13 £0.71"™
v 0.41 0. 02" 37.93 £2.09* 0.45+0.01* 28.48 0. 25" 0.48 +0.01° 41.75 0. 61"
T3 0.41 +0.01" 35.92 +2.97° 0.42 +0. 02" 30.56 + 1. 38° 0.45+0.01* 43.36 +0. 84"
T4 0.48 +0.03" 42.92 +2.65" 0.43 £0. 02" 34.63 0. 85" 0.54 +0.03" 40.53 +0.36°
T5 0.41 +0.01" 34.03 £1.14" 0.41 £0.02° 39.42 +0. 82° 0.42 0. 04" 41.16 =1. 15"
T6 0.43 £0.01* 37.25 £0. 45% 0.43 £0. 02" 36.50 +1. 18" 0.45 +0.01% 42.42 £0. 11"
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Fig.2 Comparison of each treatment on emergence

rate of cucumber seedlings
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Fig.3 Comparison of each treatment on cucumber seeding height
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Tab.3 Comparison of each treatment on cucumber qualities
KE/d ey CK Tl iyl T3 T4 T5 T6
M5 0.13 £0.02° 0.18 £0.01"  0.16+0.01> 0.16+0.01> 0.18+0.01"  0.23 +0.01*  0.22 +0.02°
6/(gd") 0.0053 + 0.007 0 + 0.007 3 + 0.0069 = 0.007 1 + 0.003 8 + 0.004 3
16 g 0.0005" 0.000 5" 0. 000 7° 0. 000 8* 0. 000 4* 0.0002°¢ 0. 000 2"
T 0.047 7 + 0.078 0 + 0.0799 0.0819 0.078 7 + 0.0575 + 0.0555
-HE 0.006 7" 0.007 5° 0.008 4° 0. 005 2° 0.005 4° 0.003 3" 0.001 2"
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o/(gd1) 0.0125 + 0.0154 + 0.0154 + 0.014 6 + 0.0156 0.0125 0.0131
36 LA 0.0007°¢ 0. 000 9° 0.0019* 0.001 5% 0. 000 4° 0.001 3¢ 0. 000 6"
— 0.3705 0.4892 0.490 8 + 0.4572 0.5089 = 0.4710 = 0.408 0 =
H 35 0.0129" 0.076 2 0.1002* 0.109 9* 0.098 5° 0.0319* 0.037 1"
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