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Abstract. Organic materials (e.qg., furfural residue) are gen-1 Introduction

erally believed to improve the physical and chemical prop-

erties of saline soils with low fertility. Recently, biochar has A large saline soil reserve has been explored in the Yel-
been received more attention as a possible measure to imow River delta. Seasonal accumulation of salt in the surface
prove the carbon balance and improve soil quality in somesoil caused by high soil salinity and water shortage restricts
degraded soils. However, little is known about their different the germination of plants, while poor physical and chemi-
amelioration of a sandy saline soil. In this study, 56 d incu-cal properties of soil are the major obstacles of plant growth.
bation experiment was conducted to evaluate the influence ofew categories and small amount of active substances like
furfural and its biochar on the properties of saline soil. The Soil enzyme and microorganisms are important influencing
results showed that both furfural and biochar greatly reducedactors of circulation of materials and plants’ sustainable uti-
pH, increased soil organic carbon (SOC) content and catiofization of soil resources (Angst and Sohi, 2012). The low
exchange capacity (CEC), and enhanced the available phogroductivity of soil and soil environment deterioration in the
phorus (P) in the soil. Furfural is more efficient than biochar Yellow River delta further aggravate the soil salinity (Bai et
in reducing pH: 5% furfural lowered the soil pH by 0.5-0.8 al., 2005; Wang et al., 2010), thus restricting the growth of
(soil pH: 8.3-8.6), while 5% biochar decreased by 0.25-0.4crops. Amendment with organic materials can improve the
due to the loss of acidity in pyrolysis process. With respect tosoil salinity and increase crop yield significantly (Luo et al.,
available P, furfural addition at a rate of 5% increased avail-2008).

able P content by 4—6 times in comparison to 2-5 times with As a kind of inexpensive acid organic substance with rich
biochar application. In reducing soil exchangeable sodiumresources, furfural is effective in improving the saline soil.
percentage (ESP), biochar is slightly superior to furfural be-Furfural is the corncob after industrial distillation. It is dark
cause soil ESP reduced by 51 % and 43 % with 5% furfuralorown and belongs to strong acid organic materials with
and 5% biochar at the end of incubation. In addition, nopH around 2. Furfural contains N(0.5 %-0.6%), P205(0.2—-
significant differences were observed between furfural andd.15 %), K20(0.15 %), humic acid substances(36%), and the
biochar about their capacity to retain N, P in leaching solu-content of organic materials is above 98% (Yang, 2008;
tion and to increase CEC in soil. These facts may be causebi et al., 2008). Cai et al. (1997) and Li et al. (2008) re-
by the relatively short incubation time. In general, furfural ported that furfural can lower the soil pH and salinity and
and biochar exhibited a different effect depending on theincrease crop yield. In recent years, incorporation of biochar
property: furfural was more effective in decreasing pH andinto low fertility soils has attracted interest because biochar
increasing available P, whereas biochar played a more imapplication increases C sequestration while also increasing

portant role in increasing SOC and reducing ESP of salinesoil water or nutrient availability, thereby improving plant
soil. growth (Lehmann, 2007; Marris, 2006; Renner, 2007; Zhang,

2010). Although there is some research about the influence of
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furfural on alkaline soils (Li, 2008), no comparative researchcarbon (TC), NQ-N and NI—[{—N content. Artificial rainfall

on the impact of furfural on the physicochemical propertieswas given to the incubated soil at 4 d and 38d by using dis-
of saline soil before and after its carbonization has been retilled water of 200 mL. The leachate was used for measuring
ported yet. Therefore, based on the indoor constant tempethe P, NG -N and NI—[{-N content.

ature incubation and leaching test, this paper evaluated the

effect of furfural in improving saline soil according to the 2.3 Measuring method

variation trend of acid-base property, water-soluble salt, ba- ) . . _ _

sic nutrients in soil and cation exchange performance, aiming € Physicochemical properties of the testing materials were

to provide theoretical basis for the application of furfural and measured by SO”_ agricultural chemica} analysis m?thOd
biochar in saline soil improvement. (Lu, 1999). pH (soilwater= 1: 2.5), electrical conductivity

(EC) (wateysoil = 1:5), total carbon (TC) and total nitro-
gen (TN) were measured by Elementar, Vario Micro cube.

2 Materials and method Total organic carbon (TOC) was measured by potassium
. dichromate oxidation/colorimetric method. Exchangeable
2.1 Materials K*/C&* /Nat /Mg?* was measured by an ammonium-

) i acetate—flame atomic-absorption spectrophotometer. Cation
In October 2012, the testing soil samples were collected at O_exchange capacity (CEC) was measured by sodium acetate—
. : i ,
10 cm depth of saline soil at Yellow River delta (#ES0N- fame atomic absorption spectrophotometer. Total phospho-
1185924 E), which is located in the northeast of Shandong,, ¢ (TP) and available phosphorus (AP) were measured by
province of China. The sampling site has a warm Conti”e”tahﬁolybdenum antimony colorimetric method. NN and

monsoon Cl'm.ate V\{'th dlst!nct|ve seasons and.a rainy Sum'NH}-N were measured by continuous flow analyzer (Seal,
mer. The soil is typical saline alluvial soil (Fluvisols, FAO) AutoAnalyzer I1l)

developed on loess material of the Quaternary period, which

was carried by water from the Loess Plateau. The collectet 4 pata analysis

soil samples were air-dried under room temperature and then

sieved in a mesh to 2mm. The proportion of clay, silt, andESP is a key parameter of saline soil evaluation. £8P

sand was 8.4 %, 6.2 %, and 85.4 %, respectively. The physicis the critical value of soil structural deterioration (So and

ochemical properties of testing soils are shown in Table 1.Aylmore, 1993).

The soil showed a pH of 8.3 and an ESP as high as 27 %, N

known as strong alkaline soil (Lu, 1999). ESP(%) = Ni x 100, 1)
The involved furfural is the corncob after industrial distil- CEC

lation. It is in dark brown. The furfural biochar (hereinafter

referred to as biochar) is made from furfural through 4h

carbonization under 30 under the completely or partly Excel 2010 and SPSS 13.0 were used for data statistical

anoxic condition. Biochar in association with porous char- ; oo . .
. . : analysis. The significant differences among different groups
acteristics and high surface area is favorable to accumulat-

. . . ) . ) : used the one-way ANOVA. The significance level was 0.05.
ing soil moisture, increasing the porosity and reducing bulk

density (Wu et al., 2014). The physicochemical properties of
furfural and its biochar are listed in Table 1. 3 Results and discussion

where Na is the content of exchange sodium (cmotiy
and CEC is the cation exchange capacity (cmoijg

2.2 Incubation method 3.1 Impact of furfural and biochar on the

- . ) i . physicochemical properties of soil
A soil incubation test was conducted to investigate the sim-

ilarities and differences of furfural and biochar in influenc- 3.1.1  pH

ing the physicochemical properties of saline soil. The test

involved five test treatments: (1) CK, soil without furfural According to Fig. 1, furfural and biochar added into soil can
and biochar; (2)1, added with 2.5 % furfural; (3) Cadded  lower the soil pH, and the more furfural and biochar added
with 2.5 % biochar; (4)»>, added with 5% furfural; and (5) into sail, the lower soil pH. This is mainly caused by the far
C,, added with 5% biochar. Each group was repeated foutower pH of furfural and biochar compared with the soil pH.
times. In the test, each soil incubation container was filledCompared with same dosage of biochar, furfural can lower
with 500 g saline soil from the Yellow River delta with a the soil pH more significantly, which is mainly caused by
maximum water content of 30 % (evaporated water was redits stronger acidity. More evenly, 2.5 % furfural lowered the
plenished every day by weighing method). Soil samples weresoil pH more than 5 % biochar. During the incubation period,
incubated under constant 26. We took soil samples at 1d, 5% furfural lowered the soil pH by 0.5-0.8 (soil pH: 8.3—
3d, 7d, 14d, 21d, 28d, 42d and 56 d of the incubation, re-8.6), while 5% biochar only lowered the soil pH by 0.3-0.4.
spectively, for measuring pH, conductivity, available P, total Lower soil pH is beneficial for the dissolution and activation

Solid Earth, 5, 665671, 2014 www.solid-earth.net/5/665/2014/



Y. Wu et al.: Furfural and its biochar improve the general properties 667

Table 1. The physical and chemical properties of materials in this study.

pH EC TC TN  Ash CEC ESP Fixed Volatile TP AP NG;-N NHI—N Exchange cations (mg k¢)
(mscntl) (cmolg™1) carbon matter
(gkg™) (%) (mgkg™?) K+ Nt Mg?t cat
Soil 8.3 0.5 16.9 1.0 ND* 7.2 26.9 ND ND 550 5 52.2 15.4 120 446 557 3007
Furfural 2.9 3.9 3949 0938 112.7 37.4 13.8 ND 34.8 903 196 1.4 44.4 1132 759.5 1252 4373
Biochar 4.5 2.7 506.4 115 2879 418 12.4 51.6 19.6 1222 139 0.8 1.7 11616 1190 1377 9156

ND*, not determined.
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Figure 1. Effects of the added furfural and biochar on soil .#. ! : 7 " " 2

incubation time (d)

CK; # C1: soil added with 2.5 % biocha™¥ T1: soil added with
2.5 % furfural;ll C2: soil added with 5 % biocha=+ T2: soiladded  Figure 3. Effects of the added furfural and biochar on soil organic
with 5% furfural. The vertical lines are means=£ 3) + standard matter contents # CK; # C1: soil added with 2.5 % biocha™™
error; different letters represent significant differences (Tukey postT1: soil added with 2.5% furfurall C2: soil added with 5%
hoc test,p < 0.05). biochar;=+ T2: soil added with 5% furfural. The vertical lines are
means f = 3) + standard error; different letters represent signifi-
cant differences (Tukey post hoc tegt< 0.05).
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CE of the leaching liquid. In Fig. 2, EC of all five treatments
decreased firstly and then increased, and it finally showed a
downtrend. This reflected the great impact of artificial rain-
fall on the EC. Leaching carried away abundant soluble salt
in soil. After the first artificial rainfall, EC of all five groups
decreased. Subsequently, soil EC increased with the addition
of furfural and biochar. This is possibly because soil organic
» ” " = matter (SOM) losses or gains in a short time are difficult to be
incubation time () measured directly because of (1) the large amount of organic
Figure 2. Effects of the added furfural and biochar on soil EZ£. matter in soils and (2) .the low magmtut;le of chgnges com-
CK: # C1: soil added with 2.5 % biochaN T1: soil added with pared to the total organic carbon stored in the soils (Glaser et
2.5 % furfural;ll C2: soil added with 5 % biocha=+ T2: soiladded &, 2002).
with 5% furfural. The vertical lines are means=£ 3) + standard

error; different letters represent significant differences (Tukey post3.1.3  Variation of TOC
hoc testp < 0.05).
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No significant difference of TOC change with time was dis-
covered among all five treatment8 & 0.05) in Fig. 3. This
of some difficult soluble elements, thus increasing the ionicmay be related to the lower organic content in soil and or-
concentration of soil solution (Yuan and Xu, 2011; Nelson, ganic losses during the leaching (Deenik et al., 2010; Keith

etal, 2011). etal., 2011). Both furfural and biochar can increase the TOC
content in soil significantly, especially the biochar. Treat-
3.1.2 Variation of EC ments with biochar showed a TOC content increase up to 8

times compared to CK, which is mainly caused by the higher
Soluble salts in the soil are proportional to the electrical con-organic content of biochar. The TOC content of biochar is
ductivity, so the variation of soluble salt can be shown by the89 times that of soil, and the TOC content of furfural is 67

www.solid-earth.net/5/665/2014/ Solid Earth, 5, 66%71, 2014



668 Y. Wu et al.: Furfural and its biochar improve the general properties

CEC(cmol/kg)

A\ %

1 14 a2 1 14 42
incubation time (d) incubation time (d)

Figure 4. Effects of the added furfural and biochar on soil C#Z.  Figure 5. Effects of the added furfural and biochar on soil exchange
CK; # C1: soil added with 2.5 % biocha™ T1: soil added with ~ ESP.# CK; # C1: soil added with 2.5 % bioche™ T1: soil added

2.5 % furfural;ll C2: soil added with 5 % biocha= T2: soiladded  with 2.5% furfural: ll C2: soil added with 5% biocha=+ T2:

with 5% furfural. The vertical lines are means= 3) + standard  soil added with 5% furfural. The vertical lines are meains=(3)
error; different letters represent significant differences (Tukey postt standard error; different letters represent significant differences
hoc test,p < 0.05). (Tukey post hoc tesp < 0.05).

30.00

times that of soil. Chan et al. (2011) and Uzoma et al. (2012) T 4

25.00

also reported a significance increase of TOC in soil by adding ] ] c
biochar, which is important for soil quality improvement. ]

20.00 -

3.1.4 Variation of CEC and ESP

15.00 -

AP(mg/kg)

In Fig. 4, biochar (compared with furfural) failed to increase 1000 -
the soil CEC significantly as the incubation time went on, F
which may be related to the short incubation period (Liang s -
et al., 2006). As the incubation time went on, surface groups :
of biochar were oxidized, which increased the surface charge °© ™™ § b B, . ;
density and thereby increased the CEC significantly (Cheng incubation timefd)

et al., 2008). Both furfural and biochar can increase the soll

CEC (P < 0.05) and 5% biochar increased the soil CEC by P contents # CK; #¢ C1: soil added with 2.5 % bioche™ T1: soil

15 %, indicating the involvement of furfural and biochar can added with 2.5% furfuralll C2: soil added with 5 % biocha=
increase the buffer performance of soil (Liang et al., 2006)jT2: soil added with 5 % furfural. The vertical lines are means=(

This is because the large specific surface area of organig)  standard error, different letters represent significant differences
matter and negatively charged functional groups increasegrukey post hoc tesp < 0.05).

the exchange point of soil colloids, thus increasing the CEC
(Lehmann, 2009).

In Fig. 5, ESP decreased more significantly when adding3.1.5 Variation of AP
biochar compared with the furfural as the incubation time
went on. But at the beginning of the experiment, ESP is in-A significant increase of AP content in alkaline soil was ob-
creased. At the end of the test, ESHpaind G decreasedto  served by adding furfural and biochar (Fig. 6). On one hand,
51 % and 43 % of their initial ESP, respectively. On one hand,both furfural and biochar can lower the soil acidity due to
biochar has a high concentration of exchangé'@aig?t their lower pH value, which is accompanied by a significant
to replace N& for soil colloidal absorption (Hu and Wang, increase of AP (Devau et al., 2011). On the other hand, fur-
1987; Lashari et al., 2013), thus decreasing the exchang#iral and biochar have higher AP content. The AP content
Na' in the soil. Table 1 represents that biochar contains 3in furfural is about 40 times that in soil (Table 1). There-
times higher exchange €& than soil. On the other hand, fore, the application of furfural can increase the AP content
biochar with loose and porous texture can increase the toin soil directly. The AP content was increased by 2-5 times
tal porosity of soil (Lehmann and Joseph, 2009), thus losingoy adding 5 % biochar and 4—6 times by adding 5 % furfural.
more exchange Naduring rainfall and reducing the ESP.  This indicated the better performance of furfural compared

Figure 6. Effects of the added furfural and biochar on soil available

Solid Earth, 5, 665671, 2014 www.solid-earth.net/5/665/2014/



Y. Wu et al.: Furfural and its biochar improve the general properties 669

25 35

20

&
N

NO,-N(mg/kg)

MO\

NH,*-N(mg/kg)

.
5]

AN

a
aa, agsaa
~— S

bb.b . i i i i HE \ T
aaaga m 14 2 28 2 56
TSt incubation time (d)

1 3 7 14 21 28 42 56

Incubation:tine {c) Figure 8. Effects of the added furfural and biochar on soil N

Figure 7. Effects of the added furfural and biochar on soil contents # CK; # C1: soil added with 2.5% .biocha.\,.le soil
contents # CK: % C1- soil added with 2.5 % biocha\ T1: soil added with 2.5 % furfurallll C2: soil added with 5% biocha-+

ded b furft >d wi
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3) £ standard error; different letters represent significant dif‘ferences(Tleey post hoc tesp < 0.05).
(Tukey post hoc tesy < 0.05).

crease of furfural and biochar dosages. During the second

N . : . leaching process, no significant difference of NN con-
with biochar in AP growth. According to Table 1, during the centration in all five treatments was observed. With the in-

carbonization of furfural, the AP content decreased aIthoughCrease of leaching processes. the’NN and NO--N con-
TP content increased, indicating the occurrence of phospho- gp T A )

) o . o centrations in leachate from all treatments decreased sig-
rus immobilization during the carbonization of furfural (Par- nificantly. The NG -N concentrations in leachate from C
vage et al., 2013). This corresponds to the significantincreasgecreasﬁOI from %4 85 matk of the first leachin ror(:};ss
of exchange C& during the carbonization. Therefore, the 1 i g gp :
significant increase of exchange®aluring the carboniza- to 0.6(;ng L h Tlhe |L1yolv|ement off_furfural_ an(_j b'OCha; dlldbl
tion leads to the reduction of AP content (Tunesi et al., 1999).nOt reduce the leaching losses o inorganic nltrogen. oluble

salts, such as NDN and NH;-N, will become dissolved

3.1.6 Variation of NO=-N and NH*-N and lost during rainfall or irrigation.
3 4 During the two leaching processes in this test, AP concen-

In Fig. 7, NH;{-N in all five treatments increased firstly and tration in leachate from Cand G increased, which goes on

then decreased. It reached the peak at 14 d and then decrea%ijmnuous’Iy with the enhanced biochar dosage. This may

gradually. At the end of the test I\]{HN decreased to less caused by the poor AP retaining capacity of biochar, thus
’ making AP easy to lose through leaching. However, the AP

than 2 mg kgl' This may_be caused by the gra_dual decreaseconcentration in leachate frof, and 7> decreased with the

of organic nitrogen that is easy to be mineralized (Stanford. T C

and Epstein, 1974: Powers, 1990; Wennman and KitterefCrease of furfural dosage,_ indicating its better retaining ca-

2006), increased ammonia volatilization in soil due to the in—FbaCIty of AP compared to biochar.

creased soil pH value (Dancer et al., 1973; Xu, 2012, 2013)

and NI—[{-N losses caused by leaching. Significant decreasg, cgnclusions

of NO3-N concentration was observed after two artificial

rainfall events (Fig. 8). Particularly, NON concentration A short-term (56 d) incubation experiment was conducted to

of five groups decreased by more than 95 %, indicating thecompare the amendments of furfural and its biochar on the

easy leaching losses of N®I (Delgado, 2002). properties of saline soil. The results showed that both furfural
It can be seen from Figs. 7 and 8 that furfural and biocharand biochar can improve the fertility of studied soil because

did not increase the inorganic nitrogen in sait £ 0.05). the reduced pH, increased soil organic carbon (SOC) con-

Singh (2010) also reported similar results which may betent and cation exchange capacity (CEC), and enhanced the

caused by lower inorganic nitrogen content in biochar. available phosphorus (AP) will increase plant growth in this
soil. Compared with biochar, furfural was more pronounced
3.2 Impact of furfural and biochar on soil leachate in decreasing soil pH and improving phosphorus availabil-

ity; 5% biochar can increase the AP content by 2-5 times,
It can be known from Table 2 that, during the first leach- while 5 % furfural can increase the AP content by 4—6 times.
ing process, leachate from groups with biochar and furfuralThis is possibly related to the lower pH value of furfural.
showed an obvious increase of JHN concentration. The  In addition, biochar increases more SOC content and greatly
NHj{—N concentration in the leachate increased with the in-decreases exchangeable sodium percentage (ESP) of the soil.

www.solid-earth.net/5/665/2014/ Solid Earth, 5, 66%71, 2014
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Table 2. Change of inorganic N and available P in leaching solution. CK (control); C1 (soil added with 2.5 % bidah@il added with
2.5% furfural); C2 (soil added with 5 % biochafl (soil added with 5 % furfural).

Treatment Leaching first incubation for 3 d Leaching second incubation for 38d

NHS-N(mgL™1) NO;-N(mgL™!) AP(ugL™l) NHI-N(mgL™1) NO;-N(mgL™1) AP (ugL™})

CK 0.41+0.15a 28.93 5.05a 65.2%:6.21a 0.18:0.07a 2.22£1.92a 27.6210.5a
C1 2.68+ 0.96bc 14.85%3.75b 73.45k 3.59a 0.49:0.17b 0.6£0.37a 36.06:11.06a
Tl 1.02+0.01a 61.13t3.69c 61.98:5.11a 0.26:0.09a 0.15:0.02a 25.58 7.66a
Cc2 2.94+0.28c 40.9'4-6.88d 88.447.51b 0.18+ 0.003a 0.54:0.57a 64.53 8.66b
T2 1.97+0.31b 80.349.08e 59.24-6.89a 0.2:0.09a 0.4A0.31a 18.66:3.71a

This is possibly related to the porous structure of biochar and effect of furfural on controlling the alkali soil and increasing pro-
its higher exchange €& content. In general, furfural and duction effect, Res. Agr. Modern., 4, 49-52, 1997 (in Chinese
biochar exhibited a different effect depending on the prop- With English abstract).

erty: furfural was more effective in decreasing pH and in- Chan, K.Y, Van, Z. L., Meszaros, A. |, Downie, A., and Joseph, S.:
creasing available P, whereas biochar played a more impor- Agronomic values of greenwaste biochar as a soil amendment,

L . . . : Soil Res., 45, 629-634, 2008.
tant role in increasing SOC and reducing ESP of saline SO”'Cheng, C. H.. Lehmann. J.. and Engelhard, M. H.: Natural oxidation

of black carbon in soils: changes in molecular form and surface

Nomenclature. charge along a climosequence, Geochim. Cosmochim. Ac., 72,

EC: electrical conductivity 1508-1610, 2008.

TC: total C?rbon Dancer, W. S., Peterson, L. A., and Chesters, G.: Ammonification
TN:  total nitrogen and nitrification of N as influenced by soil pH and previous N

TP: total phosphorus treatments, Soil Sci. Soc. Am. J., 37, 67—69, 1973.

AP: available phosphorus Deenik, J. L., McClellan, T., Uehara, G., Anta, M. J., and Camp-
SOC: soil organic carbon bell, S.: Charcoal volatile matter content influences plant growth
CEC: cation exchange capacity and soil nitrogen transformations, Soil Sci. Soc. Am. J., 74,
ESP: exchangeable sodium percentage 1259-1270, 2010.

Delgado, J. A.: Quantifying the loss mechanisms of nitrogen, J. Soil
Water Conserv., 57, 389-398, 2002.
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