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Table 1 Influence of different organic manure rates on content of soil humic( % )
#:#agrik+ Soddy podgolic He4% -+ Chernogem
& B - -
g WHS wWmg | BRS
Treatment /B W/ 8
CR | e | BRE L wp | % | R |ER @m
CK 1.83 ' 0.37 1.40 5.30 - 0.56 3.75
NEWEF(W.8.) 1.84 0.5 0.37 1.40 5.31 0.2 0.57 -3.74
3t/ha(C/N 92) ‘
INEFSFF(W.S.) 1.89 3.3 0.43 1.43 5.38 1.5 0.60 3.78
30t/ha
HWEIEFF(P.S.) 1.84 0.5 0.37 1.43 5.31 0.2 0.57 3.73
3t/ha (C/N 30) '
MOFF(P.S.) 1.90 3.8 0.42 1.46 5.39 1.7 0.61 3.80
30t/ha
FIK#(S.C.) 1.83 0 0.37 1.40 5.31 0.2 0.57 3.76
10t/ha(C/N 14)
FAH(S.C.) 1.94 6.0 0.41 1.47 5.40 1.9 0.61 3.79
100t/ha
R (M) 1.84 0.5 0.37 1.42 5.31 0.2 0.57 3.76
10t/ha .
BAE (M. ) 1.97 7.8 0.40 1.52 5.40 1.9 0.59 3.82
100t/ha

Sob 7R 7 B 4 19 A SR AL, 30 T IR 9 40 A R P, 5 % AT b B R AT LI A AL AE 29 5%
BT HRBRAAR. 6D, REEF iR iR L AL AL FEE60~80cm 12
BERLEA /DB, L8 R i 3%, B AT BT I R FR B B9 B R T 0~ 60cm 2 A (D

® 2 KAIMERR LN R FR A A A0 4R (TCXA, 1912~ 1987)
Table 2 Content and reserves of humic in soil with long-term fertilization
BER /i &% Humic content (C%) 0~40cm# &t Reserves(C, t/ha)
BAETR U RIHK %P3 ]
Crop rotation | Treatment -lime + lime FMiA K MR K
-lime + lime
0~20cm 20~40cm 0~20cm 20~40cm
CK 0.59 0.27 - - . 22.08 -
KA PR 3 NPK 0.76 0.33 - - 217.70 -
M 0.89 0.47 - - 35.33 -
CK 0.97 0.37 0.96 0.35 31.67 29.43
EHERE NPK 1.07 0.44 1.04 0.48 36.91 34.59
M 1.56 0.51 1.48 0.53 46.34 46.54
CK 0.77 0.42 0.76 0.40 31.38 29.64
1322 6% NPK 0.95 0.49 0.97 0.44 34.58 35.73
M 1.16 -0.56 1.04 0.57 41.58 38.69

¥E: 1912~ 193845 2 HUMENT. 5kg, P20s15kg, K2022. 5kg, BEAE 18t; 1938~1954 NT. 5kg, P20560kg, K2090kg, /L 20t; 19554 L1

J& ,N50kg, P05 75kg, K2060kg, MEAE10t,

19494 FF i, — H A B HOLFM 1K G IR . 4. 5t/ha,
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Fig.1 Changes of humic content (C %) on 0~100cm soil layers

2. KMIMAE&MF T LEBREFANENL RIXRV, 1 TRBHAETHERBRIFRFAK
B b, BT LAFE AT AL TR, R ) R R B B A 1) B0 SR T F R, (AR AL B T B
BN, X BB T MEME B, HR LSRN R NPK + M (5 R 36 3 #996. 4% ~105% ) >M
(66. 7% ~100% ) >NPK(60. 2% ~80.8% ) >CK(50% ~79.6% ), MBI —ERN FEE 2 68
B, MEARI L3RRS T LIRS B, BT R, RA R SRR E Rk, HiK
B, BB, DIRANRESBR, BHEBR SRS, HRAONFR R (33.3%~
50%) > #yEb e+ (19. 5% ~20. 8%) > WES KR L FOR B £ (5. 3% ~28. 3%) . RBEIBHER
SRR, R R TR RE SR —#. TCXARBWSREL SRS L, EMRRES,
P A BRRT504E B IR M 5 R T R ER , 50~ 604 R IB MR I E M B, 604E 2 S5 FF A BB E 7 5
MR 25 PR s F 4 0 TR iR B S R 7E B 3 L, 204 2 f5 B IR & BN FF 34 B 7+

RN, RRENEL, T REE RS BT, TCXARBREFERES,5~8A 4
R ADTE + S B R (O & B R, H0.73% ~1. 38% ; 1 H 4 A %0. 50% ~1. 04% , KA
RE, —ERNEREHFRS RS SEMERX HBESA (0.73% ~1.08% ), NPKAL B X H7H
(0.89% ~ 1. 13%), J&& AE 1 JE JIE + NPKAL B2 4+ 51 H6 A f165 A (0.98% ~1.68% F11. 156% ~
1.19%),
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Table 3 Changes of soil humic with long-term fertilization

I W A 7 [2g 2% 3
o — CK NPK  NPK+Ca  3NPK M MeNPR TR
1912 1.20 1.20 1.20 - 1.20 [12)
XA 1962 0.59 0.89 0.85 - 1.09 1.04 [12]
1972 0.59 0.99 0.90 - 1.10 1.07 (11
(HEL) 1987 0.60 0.97 0.95 - 1.16 1.10
L% 50.0 80.8 79.2 . 96.7 105.8
_ 1934 1.08 1.08 1.08 - 1.08 - (4]
Solikamsk 1968 0.64 0.65 0.69 - 0.81 - (4]
(gﬁﬁi) 1988 0.60 0.65 0.78 - 0.72
LR 55.6 60.2 72.2 - 66.7
Torpk 1963 1.49 - 1.49 - 1.49 1.49 [13]
oy 1975 1.16 - 1.10 - 1.22 1.39 [13]
R 1988 1.18 - 1.20 - 179 1.52
BBRE) w792 - 80.5 . 86.6 102.0
‘ 1955 1.39 1.39 1.39 ; 1.39 1.39 [14]
‘fﬁi’i 1977 0.91 0.85 0.92 . 111 1.15 [14]
R b 1988 1.14 1.00 1.30 ; 1.18 1.34
: Y ERmAmY 82.0 71.9 93.5 - 84.9 96.4
1965 1.13 1.13 1.13 1.13 1.13 [15]
1969 1.06 1.07 1.12 1.16 1.5 [15]
IFAS 1973 0.79 0.89 0.88 0.87 0.94 [16]
T B 1977 0.84 1.05 1.03 1.10 1.10 [16]
1988 0.90 1.07 1.0 1.13 1.13
HRH MY 79.6 94.7 92.9 100 100

H: () R 9K 1, TCXAIR LS 3 M 193945 T 14 I NPK + I E AL H,
(2) WMAEE. TCXAW %2, LT % :N50kg/ha, P:0s60kg/ha, K:060kg/ha, BEAC10t/ha,
(3) BREEFIRIRIOFOR , JLE B DA BFRIE .

3. KM LRGH R TEN RN RIE400% AR 1152 {7 500 0 B k), 420 42
BRAL 0 RS L I RE £ LM B A 4 (BI12) BRI FF A S T~ 104F, I R M 254k
B, 25, B REART BRI BL Fo A&, Bi/h. EEERKE LR
AR St BB ) G B8 e & B AG RE7E HL MG £ & B 20 % Ak T b NPKAL IR 04 + & BIEAK 15 %,
AR S RS B RS b, R H RS B e , 5 B bL R 8A H MR IR15%,
NPKAL B 12%6 , IRACAL TR 5 SR 46 Lo R .

HEERA L R BR BB, SRR BR T SR PE, AR R AR, AR
BT L REHFS B ME(AC ., ELREHESBRNACHRMWFA T, LR
A8, A HLAE S B B A (E3)

ZEVE I SEVE rR I £ 48 AR B, FTOR /D T FLIE R 1 (384D . ER AR B AL £ 1, T
B RABHES SEAE , B4R 5 30 B T4, S MG I WA 24t /ha , T 7E R A RHK B U 58
Yed, R TR AR Tt /ha.,
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Fig.2 Dynamic of soil humic under long-term fertilization condition
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Fig.3 Relationship between application of manure with content of soil humic

REFALIE, R R PR A EEAA. XEHTARERTRERSFEDHN=],
BN T HEA TR R, BOE T R AEYE . ERER S PHEWRBIES, T RIE
WERT) 5 5 10 T-B F Ve 0 G 7, B B , M6 27t /b 5 SSNPKIR A HEF » MRAREHE P I PO
ETt/ha, B RLIESFEAVER] S, A0 B BRI, B VEY B, S0t R P 7T ki
M B IR, L EE V- THUER S M .

(=) HAMERB T 0% 38R R A0 T

1 WHIRERRARNEN K AAVURRLR, R OURE T LR RS, A
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JEHAE >NPK, SIS &ROMMERSHHERL BB, MERMK. BT ERKLLFNIE
i, B 4% + F K4S R AR A EEH R N EUME A TR, KES L RIS A A YLIEE—ALIE, I3
BEH/PWHHERRE; EKL TR AER,/Fiin, NPKA N T #E; RS £ AL ARG
5,
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Table 4 The effect of fertilizer rates on humic balance in light soddy poazalic soil

RS REFFii i & Humic increment (AC, %)
Rotation system 0.2 0.4 0.6 0.8 1.0
cC RC PG M M+N M M+sN M M+N M M+N M M+N
80 20 0 - 30(60) - 48(100) - . - - -
80 0 20 18 15(30) 20  26(40) 42 31(70) -  50(58) - -
60 20 20 21 12(70) 38 17(70) 47  22(80) -  38(85) -  42(70)
55 22.5 22.5  34° 16(80) -  37(60) -  44(85) -  51(110) - -
50 30 20 - 24(60) - 36(80) -  43(100) -  50(128) - -
4 20 40 - 20 13(70) 33  22(80) 48  30(90) -  46(75) -  50(100)
80 30 40 27 12(80) 47 21(100) -  88(78) -  44(98) -  52(135)
20 40 40 43 10(100) -  34(75) -  39(85) -  46(110) -  52(15)

. CC—RE .MM Cereal crop; RC—HRHHEN Row Crop; PG— B F 4 MM Perennial grass
WA/ 2N Manure rate: t/ha; 5B PANAR. AR/ Alfe N rate (in bracket): kg/ha.

x5 KHREMIWREREANER (SRFLX
Table 5 Influence of long-term fertilization on composition of soil humic (% of dry soil)

s 20 wEEm  EEW  OSEE o
Soil Site Treatment Total C HA FA Humin

CK 1.35 0.40 0.46 0.49 0.86

HEK  TCXA M’ 2.06 0.58 0.59 0.89 0.98

kt R NPK 1.41 0.41 0.49 0.51 0.83

M+ NPK 2.32 0.75 0.57 1.00 1.31

CK 2.4 0.75 0.30 1.38 2.40

Mironov M 2.70 0.78 0.31 1.61 2.50

Bt NPK 2:1:2 2.44 0.76 0.34 1.34 2.20

B NPK 1:1:2 2.51 0.75 0.33 1.43 2.27

1/2M + 1/2NPK 2.62 0.78 0.32 1.52 2.44

. FMER. TCXAR#2, L1 %NI120,P060,K060kg/ha, EAE 10~20t/ha

SRR B R RS AT 2 (RO T B i FE T IR e 1 b, WA HLAE AL AR
RO B T SRR S | & B s BN XTIE 45 % (CH, + CF./CH, + CFy) HI SIS M A 31T
55 (CH, /CH,) 18 i , 445 5] J2 A Ak SE 80 I BE T K s T AR 1 S TR (B7EAEBUR AL
£ ENPK-+FRATE S, X = TEEARABERE T . SRS | M A sma s 11
Bl , P bEE LRk, mTHERES 1 50 B FEAWSE, B TEKPNER, E
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Table 6 - Influence of long-term fertilization on composition of humie acid (% of tol.C)

+2C  gm  (HA) REm(FA)  KAM CH  CHCR  CHo

R BB Towl RE —
Treatment o, ) 1 1. 1la 1 I Residie CF  CHi+CF: CHs
Solikamsk CK 0.60 12.7 2.6 13.2 16.6 ‘59.9> 0.60 11.8 4.9
R M 0.72 13.0 1.5 7.8 21.3 -3 ) 59.3 6.60 22.3 8.7
(WHREH NPK 0.65 12.8 2.5 13.4 19.8 5% 54.4  0.50 13.0 5'.1
*4t) NPK+Ca 0.78 7.6 7.8 6.9 15.6 67.2 0.70 3.0 l.Oh' :
Halle CK 1.33 2.9 27.4 4.4 5.3 9.1 41.8 1.40 0.22 0.11
RO M 1.66 4.1 305 33 656 81 37.4 1.66 025  0.13

(REL) NPK (1.44 2.9 29.8 3.7 5.2 8.8 40.6 1.56 0.21 0.10

2 SWEARABERETNEN EERS B WRSRETRTES 1, EXHEN
Ve B , B ST VR R . T th, FEAE B ALk b A LB CRFE R S
T ATUK LRI, LR 4 UM T 4% ~10. 2% F114. 4% ~50. 9% , HifH L

£ 7T KOKEXENSHKRERAPROER
Table 7 Influence of long-term fertilization on freé and solubie humie matters

0. 1mol /LNaOH: ‘ C
1 A i3 [LNGOBEB poyre ppg ~ KEE
Soil Site Treatment Extract by0. 1mal /L Combined to Ca** - Scluble C pH (KQ)
NaOH(% of tol.C) (mg/kg)
CK 46.7 90 4.2
HERL L Solikamsk M 48.6 103 4.2
SRk NPK 53.8 91. 4.1
NPK + Ca 45.0 106 4.3
. K 39.1 125 5.2
rERAE m;m‘“ (NH4)2504 45.8 201 3.8
_ NPK + Ca 23.2 182 6.2
cK 12.3 31.1 . 203 5.1
Mironov M 11.5 29.2 214 6.0
SRS R NPK 14.3 28.7 220 5.3
1/2M + 1 /2NPK 13.7 28.3 256 5.5

AT, HESHEYRENRREBRKEE ERATHERE, “EEBFRHAXC=0.TD.

HEFINPK , - 30785 1 , 0 5 75 G 400 380 0 s NPK -+ 75 JK AL, MR ARG T L AMRREE , I RS 5 S T 0 JR
AR OKBHBEY TSR, RS L ERGTREFESERY RS R, B
BN, B HUER SRR T ALAE . k™l I, T R A VURE R ALRE , 57T B B Hh iR S K B 1 S



18 MY ERESEHRFER 1%

BRI SR, AT RREY RENEM, £50KK R i T3 EATRIEEY R

() RIAHERR RS - 0% 7 55 7k A RO I M

BHR A PR BB AL T BRAECR A LR — 5 0 K B B - AR K B B~
SRR T4 T BB, B RALBY B . oK AR R IR BT 2 — R BOR i, BT LA, SRk A R L
YREA LR HAEN-TREAKRNEL. EREYNERT, ERGHWIERREY R
HEA MY TR IR . SRR 3K P T AR 4 JL I M B BV JBORS O BE AL T I E

£ 8 WIEXEMEMKSIEHKR
Table 8 Influence of fertilization on soil expansibility

i’.‘ e s aM Kx10? q s A

Soil Site Treatment
CK 57 21.9 0.67 33.4 1.71
-y 3 e TCXA M 65 25.5 0.81 39.8 1.63
memt) NPK 60 23.0 0.76 37.5 1.60
: NPK + Ca 89 24.9 0.92 45.3 1.96
Mironov. . CK 127 13.1 2.18 107.8 1.18
e A HE M 134 11.5 2.22 109.7 1.22
(mEKt) - NPK 150 13.3 1.82 90.0 1.67

¥. QM—MHKA T} Expansion volume, K—MYMe# /¥ ¥4 Constant of expansion velocity,
Q— ik B (g/100gF+.) Water absorption of soil,S—3KH R Surface area (m’/g). A—#3 Constant

HOE W, TIRFHAR, HEKER R EE R BN ETREAEEEREKR. A
BAEBERL S, BRXESSORIE L, BT BGEE ¥ BN, HEEIRS R, TR
DR E AR RIE, BERFRE, RN & TS R MR A —# . NPK+H KL
T % IR AR W Bk, SLUCR AR, SN FINPK M /). ERR L4 EA KM ER K
FHETE, THENAR, LEPKEEAR, BELATERREIRKS L. BEGL P
AEBR LT WEETT BHRESE EABIE, BN THI-TRESE BRETHFK
Y RN 3 BA) , N TR 35 T LB Ak 5 W FIALRE , X 469" W) i i R R B B SR T R R T R 1
RERELH5EE, MR THEYEK, WHEE LR KERERATEYREPNEER
HEEE., B, BAET BT KERAR FAEERKILE.

(P9) < HREAR T AR AR M IR AL SR RO IR

BRBRAER, ERARE LBRTHREMETARDGAN SR, SIHMOIBEAER
B REES, FORE TR R B A8 0 , T B L3908 LR R B ALT2 B AR 4T

SRR AL TR TR (RO, KYIHEIE S8 T R AR R AR KB, |’
BN, H/ CEUBIEIR R . 8 BA KRR 3 b AR AL & s in, BN E 25 T 7 LRI
B FHIM.
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Table 9 . Changes of Physico-chemical properties of humic acids under long-térm fertilization condition

—m’s -
£ % LS| HE —

Soil Site Treatment . HERWEY% &H8CY% Hmy
% of free ash matter % of tol.C ~ . Increase
CK 1.87 0.89 .1.48 100

Solikamsk M .1.89 1.54 T 2.13 173

R b NPK 1.93 1.42 2.19 . 160

ERERAL NPK + Ca 1.86 "1.30 1.67. 146

— Tk T T.04 % N T00

Skierniewice NPK 2.11 -2.10 4.38 202

B NPK + Ca 1.90 2.05 3.66 197

M(60t/ha) 3.06 4.30 _2.40 413

, cK 0.92 0.37 100

Mironov M 1.4 '0.55 132

B NPK 1.3 0.56 107
oL : K 1.38 1. 45 ~;>16'l T 100—\

Halle M 1.57 2.58 1.72 177

bt NPK 1.53 1.88 1.88° | 126

EXWANRAGLIRD AR ESRER, FERESRUORRBL, WHASLEER
. ROEE W, ERRAL T HEE TR AL S R M, RS PerT 6 B i ks
Boh. ERBFHAR, HBURERTR, EEERLLE, APUEBORMIE, LK 2 T R4S
T ERPESRIERERN, ER %8+ R0 - 0 R R, $ﬁ£ﬁ!m7§£
. EEERKLL L, %ﬁk@%%ﬂ%ﬁﬁ%@ﬁiﬂﬁam&f#a%ﬁ*!mﬁ ZIRE LR
¥ REREMARLZBEHBE L PP RLESRRIKE. Eﬂ&?)ﬁm’mﬁﬂ%ﬁ:sﬁvﬁi
BRAERR, M/EERTRRGHAENS L. REREBEL, A BiIRR S 105 S8 R4
EMN SRS ERRALEGE (1.61% ~1.72%), 7 862 % £ M BT & B BLE (0.9% ~
L5%)H&kEk.

=5 B

1. 55 % B A bb A S I 32 5 T A AILAE AL AR e - S B R B S B SR HE R SO
REERFF0~60cmt/2,60cmiA T + 2 MM EFRH S,

2. EXRRERM LR, EAAVUEFLIE, 00 B R8T RREREES EH 1),
KL TR T R R A T B L A I, 0 T SRR B0 3k P A K KA B +
AMER R T BE. KT HEBHEANPK, 5Ca' B FESHWPSBEAS I S BEE, 7
BAKETAR, FTRMMK AR, ERTABEBR RSB, EELRES, FFUE
M.
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8. FERSVE, HOANBCEL A b (R AR G TR B o T i O 3R 5 vt A P L B 3R
ETHED =R, LT A CRRER, NFTEH T LRGN R TE. AL
MEBER T AR A0 A (1B T

2 % x i

[1] ToTmaneny A.51.,1969: Brusguue ATHTEIBHOTO CHCTOMATEYECXOr0 NPHMEHEHHS
yao6peHd#t Ha MPHPOAY H HEKOTOPHE CBOACTRA 'YMHHOBHX KHCIOT MOILHOIO
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DYNAMIC AND BALANCE OF SOIL NUTRIENTS
UNDER LONG-TERM FERTILIZATION CONDITIONS
Effects of fertilization on accumulation

of soil humus and its qualities

Zhang Fudao
(Soil and Fertilizer Inst. CAAS. 100081) -

Summary

Long-term trials of the effects of manure and chemical fertilizers on the
accumulation of soil and its qualities were conducted in 1986~1991 in Russia and other
places. The main results are as follow: , .

L. Applicatipn of manure has a better effect than NPK fertilizers on accumulation of
soil humus. With the exception,of sandy soil, the increase of soil humus was mainly in
0~60cm, and litter effect in lower layer. ‘

2. Long-term application of manure and NPK fertilizers 1ncreased the content of
component I of humus acid (free form and active R;0s combined form) and the relative
transport velocity, however, the content of component I of humus acid which combined
with Ca® was decreased. The combination between component I of humus acid and
Ca” declined, the dissolution of humus in water increased and the humus leached easily
in the case of heavy rain or irrigation. : ‘ ‘ ’

3. Application of manure and NPK fertilizers !ncreased the content of ' soluble
humus, and the adverse effect caused by high salinity on the crops under dry
conditions could be reduced. ,

4. Long-term fertilization increased the hydrophilicity of soil, and the expansion
volume, constant of expansion velgcity, water absorbing capacity and the surface area
-of soil were also improved to a certain degree. The effects were less in the sandy loam
soil than in silt loam and clay loam soil.

5. The content of methyl functional group of humus is an important index to
evaluate the humification of soil. The experimental results showed that the content of
methoxyl ‘increased by 46%~300% in the acid soil with low fertility and by 17%~32% in
the non-acid soil with high fertility under long-term fertilization condition.

Key Words Long-term fertilization, Accumulation of humus, Qualities of humus



