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Distribution characteristics of humus fraction in soil profile for the typical regions

in the Loess Plateau
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Abstract: The Loess Plateau is known as a famous climate-sensitive zone and a fragile ecological environmental belt in
China. A variety of environmental factors, such as soil type, geographic location, climate, etc. , constrain the accumulation
of soil organic matter in this region. Thus, quantifying the spatial distribution of soil organic carbon (SOC) and its fraction
is significant for better understanding on soil carbon cycle across the Loess Plateau region. Soil humus, as the major soil
organic matter component, is a key indicator for the soil quality and fertility. Yet, the distribution characteristics of soil
humus and its fractions across the Loess Plateau have been paid little attention and still remain big uncertainty. In this
study, we characterized the vertical distribution of humus and its fractions including Humic Acid (HA) and Fulvic Acid
(FA) in the 0—200 cm soil profile along south-north gradient in the Loess Plateau. Then, we further explored the

correlations among soil humus, HA, FA, soil total nitrogen, and soil particle composition. An intensive field campaign was
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conducted to collect 132 soil samples in some typical sites from the south to the north of the Loess Plateau. The results show
that the contents of humus, HA and FA, varying among soil types and along soil profiles, are lower than those in other
regions of China reported in previous studies. A decreasing gradient from the south to the north of the Loess Plateau is
observed for the contents of humus and its fractions. Along the soil profile, the contents of humus, HA, and FA decrease
with depth 0—60 cm, slightly decrease with depth 60—120 c¢m, and remain low and stable below 120 c¢m soil layers. The
fractions of soil humus in SOC increase from the south to the north of the Loess Plateau, ranging from 26.6% to 54.7% ,
which is lower than that in other regions across China. However, these observed fractions in the same sites have no
significant difference in the entire profile. The fractions of HA in soil humus are 39. 8% , 49. 0% , and 53. 5%,
respectively, and the HA/FA ratios are 0. 66, 0.96, and 1. 15, for 0—40 c¢m, 40—120 c¢cm and 120—200 cm soil
profiles, respectively, for Emn-Orthic-Anthrosol soil type. The fractions of HA in humus are 26.3% , 33.9% and 42.3% ,
respectively, and the HA/FA ratios are 0. 36, 0. 51, and 0. 73, for 0—40 cm, 40—120 cm and 120—200 cm soil
profiles, respectively, for Los-Orthic-Entisol soil type. The fractions of HA in humus are 13.4% , 37.1% and 45.2% ,
and the HA/FA ratios are 0. 16, 0. 59, and 0. 82, for 0—40 cm, 40—120 cm and 120—200 cm soil profiles,
respectively, for Ust-Sandiic-Entisol soil type. This study indicates that all typical soil types that were observed from the
south to the north of the Loess Plateau are FA-enriched; the humus quality is relatively poor compared to other regions in
China and decreases gradually from the south to the north of the Loess Plateau. Finally, the contents of humus, HA, and
FA are significantly (P< 0.01) correlated with soil total nitrogen content. On the other hand, the contents of SOC,

humus, and HA are significantly (P< 0.01) correlated with soil sand and clay contents.

Key Words; humus; HA; FA; profile distribution; the Loess Plateau
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Table 1 Basic status of sampling site
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The position of sampling site

GPS 7B o B 2

Hb + ek . A HL/ 254 S e
. . GPS location R .
Location Soil type . Cropland/ Grassland Climate condition
and elevation
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Fig.2 The contents of soil humus with soil depth/ (g/kg)
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g/kg, THARD BB A+ 72 DL b £ 2 HA & 54505010 (0. 16 0. 04) g/kg, (0. 13+0. 02) g/kg F1(0. 14+
0.03) g/kg, SMARFE , B v IR Jb 2R H I HA 5K,

®2 AREIEHNEEER S BRG] %
Table 2 The fraction of humus in SOC in different soil layers

- TSI L S I AL
Soil Depth Ust-Sandiic-Entisols Los-Orthic-Entisol Eum-Orthic-Anthrosol
o 4 Hil T 4 Hil T4y 4 il T
Cropland Grassland Average Cropland Grassland Average Cropland Grassland Average
0—10 31.1 38.2 34.7 29.8 26.5 28.2 30.2 42.5 36.4
10—20 52.2 58.1 55.2 34.3 33.0 33.7 34.5 28.3 31.4
20—40 68.2 55.5 61.9 35.1 38.3 36.7 38.8 21.5 30.2
40—60 34.3 50.5 42.4 30.3 48.5 39.4 49.5 26.8 38.2
60—80 37.1 67.1 52.1 24.5 36.0 30.3 26.1 33.1 29.6
80—100 63.4 66. 1 64.8 39.8 22.3 31.1 23.2 36.3 29.8
100—120 50.1 21.4 35.8 28.3 32.8 30.6 14.3 33.1 23.7
120—140 48.3 58.1 53.2 29.1 38.1 33.6 46.8 17.3 32.1
140—160 40.5 43.4 42.0 45.1 28.3 36.7 35.4 18.5 27.0
160—180 23.3 47.4 35.4 27.8 36.5 32.2 20.3 23.1 21.7
180—200 41.6 41.7 34.7 31.2 33.0 32.1 29.5 25.8 27.7
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Fig.3 The contents of soil HA with soil depth
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(1.0320.35) g/kg . (0.22 0.13) g/kg FI(0.17+0. 12) g/ke.

1.40 3.00
1.20 2.50 F
— 1.00 | & _
i 2.00
& 2050 B
= B 2150 f 8
4 < 060 ® < y
& 040 = 1.00
0.20 ta 0.50
0 i 0

c o o > © © © o o o o © © © o o o o =)
— o <t [} (=1 o < =] o0 (=1 — o <t Nl oo (=} N < (=}
L LI rrT7T7T 7T 79 O R n
LLLLLEI LI I A N
oo (=} o <t el oo %) (=} N <t el oo
S a9 X =2 =z S

+ 2% Soil layers/cm 1 2% Soil layers/cm

4 TEFASERLIEREMNTW
Fig.4 The contents of soil FA with soil depth/ (g/kg)

iR, RSB, B 3R)2 1A A R - M A H 7 =0 F A2 IR 38 FA & i 22 TR - b A
FJ7 AT FA S8 1520 5% HA 5245 51251,

SR 3 FA 5 &b 2R B R HR HOE R 9, S ARy

y=0.9069¢ " R*=0.8160
A,y M FA & (gkg) 2 NEZRE (ecm)

F B EHE AN TE 0—40 ¢m 40—120 cm Fl 120—200 em + )2 +5E FA (5 878 1R L4523 59 K 60. 2% |
51.0% F146.5% , 8+ 1F % 5 53918 73. 6% 66. 1% F1 57. 7% , TR FH R HAEL E+ 20 FA 5H)E
FETR LA 53 511K 86. 6% 62.9% H154.8% . IAKT  FA XFEHE R S B9 STlk R T80 , D 8% + = Rt
FEEI I A AR B R EAIR
2.4+ HA/FA 7EHB PR B K0T L ) 43 A AL

FE IR TH BT LR SRR Y T AR R A R LR R AR RIS SR (0 A (LR B AR SRR R A
B, RN TR i, RIS W RS A L E (HA/ FA) W RIfE—@ R LR
A HUT AR E T, T3 HA 5 FA FOEMR, 1 98 7 0 R A 3R 5 8 B sy, o i il ™, |15 &
W, v b N R B b F2 B 1 HA/FA B+ 2R B 2 3 g, A& W HA/FA 7£ 0—40 em 1
JENIENIRE R, 40—120 em T J2A — @ MBI A K, 120 em 2L FEAE TRE, TREHA
F 7 0—40 ¢cm 40—120 cm Al 120—200 cm + )2 13 HA/FA 43514 0. 66 .0. 96 Al 1. 15, #& + 1F & Hr i+
HA/FA 53914 0. 36 ,0. 51 F1 0. 73, THE# BH sl - 4E DL B+ 2% HA/FA 43514 0. 16 ,0.59 F10. 82,

0.8
&
ﬁ 0.6
18 5
g;‘: 0.4
2=
= 02

c © © o © © o o o =) S o S © © o o o
= &8 F %3 ¢ & & ¥ % © S F 3 S a8 ¥ © »® 3
‘ —_ — —_ = — Q ‘ ‘ —_ R — —_ - Q

N N U O e & & o o o | \ \
= & ¥F % o o o o o o = &8 F % o o o o o o
oo (=) o < el oo 2] (=) o < el oo
S a3 =2 = S 49 X =2 =

2% Soil layers/cm 12 E Soil layers/cm

Es5 +TEHA/FARTERENTH
Fig.5 The changes of HA/ FA ratios with soil depth

http ; //www. ecologica. cn



1826 A E = 32 &

MR EIAE AR oA 2R RZ2 R 5 HA/FA B RFERa s BB YEadr R BRAS 512 Ik L5 4h,
=+ HEE 0—120 cm +JZ HA/FA 2255 5.3 (P<0.05) . AHIA] - HE38 R N4 I 448 HA/FA Bt + 2R E Ak
FIARAS SR B &

3 itig

TR SAPUNE KRR 8, HIREARIEAE — B L JoE 5 A WU i B 5 20 ini
SRR A [ 2 SRR 22 i e B A SRR X A HLRR AR (HA R FA
HeR G R EEFLMIEAX(P<0.01) (£ 3), utE HELA S B IE LT, B3Pk SR |
HA il FA 35 8 350K 85 5 o o ) 0 o438 R 9 45 R 5 0 e g 58 M — 80 5 e B0k 41 45 A WL
FAE—E KRR, LR SRR A 3 & 5 5 R A PR A IR S HA S MM DG (£ 3) 15 FA X
R BRI E S RS HA AHOCHN, 5 H G A 50 B S UIAH DG UL HDRE R 5 80 R 247 35 1 5 i
A PR JETEIR e HA FHRAEZAER, MR A5 HA TR VR, AN [R] 4 80k XA [] + 384 AL
H o sZ AN E] R E 5 AN R - 0 5 G BILB 2 20 I8 B A HL-TCHL A G AR RS E PR TRl A 56 (H X AT 75 i —

IR, ¥ 1 15 I N R B b S 2SS 4 S8 0 1 B L2 43 B e A e I S b 367 6 R0 )2 A S v L i
MR S A A1 53 i R IR AE 12 0—40 em B H)ZTREERDINT A W, h )2 40—120 em 18 FFE, FJ2 120
em DUFHEATE | B+ 2RI ST 8T Rt 4. MR B30 [F)Z IR - S A e 45 41 50 & s 3
EREAL, B R EH O > W IEFEH AR > T Bt AR, VR LR 22 B B B R S L2
S B FR A RS 55 e R A 32 B2 - A HUBR A A LA 2R 01| 3 5 R A A SR R H AR R
G340 KRR S R T 32 B A e i IR R 1 22 A G, IR BE AR A M 25 E e T o HIRER ALY i B
AFNIEE B Ak it A8, B e D DA R B A8 Vi DA 2 3 el > D 10 A= ) v gl > 5 i e XU el O, AR
KA, e TR 2 25 a0 | 7 ok XUl i 8 20 A i, = 98 B AL R B I U R AR, LT RANIR AR T R A2 T
A L4 5 RN, e 2 B0 1 v e IS A R B A 43 1 DA B b 2 R o A A

x3 TEANBRREEES SRR TIEHHEMENEXERE

Table 3 The correlation coefficient (R) among soil humus, HA, FA, total nitrogen and soil particle
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