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Left figure is the map of Hebei Province showing the piedmont plain of the Thaihang Mountain with red lines. Right figure shows the

experimental sites within the Piedmont Plain
BT T TR 4 5 0 A A A TR

Fig. 1 Distribution of soil nutrient monitoring sites in the Piedmont Plain of the Tathang Mountain

1.2 SHMHELNEZ-EERNFEHN EMRE

T RN S HT KAT L T i3 304F 1] 4 4
IR AR BB P B RO 1S, 3 A R
T 1996—19994F F12010—20 1 24F I i B i H [a]
REREE AR5, AR 7R AR F1 AR Ak X 9 7= i )
AU

I . AR XK E ST, 7 F KA7 1
INEE VIR X, 38°00'N, 114°50'E, BB 2K 151
KB RAME, 10 afFHH 2 711 h, <R
12.5°C, [%/K1#E494 mm, ZX K1 589 mm, JCFH

#1190 d.

B 1. WA+

1996— 19994 A Ak 5 A7 12X 56 % i FH 8 47 1 A+
WA, HIEAPLF10.99 ¢ kg™ . 2% 1.00 g kg™
HRW15.90 mg kg™, HEHMTS5.10 mg kg
2010—20 1247 B M BH A M PR, 1A PLR
16.88 g kg'. 2% 1.02 g kg™, ARHE27.22 mg kg™
HACEI102.2 mg kg ',

I A A 50 A B A ], R
BEEME R AR (F£1) , Hed, k1. 4

http: //pedologica. issas. ac. cn



6 XUAEFSAF . RAT LR - 304 [|] - 555 0 S5 LA 68 1 A8 1k 1327
F1 BREMRENERE
Table 1 Fertilization rates in long—term field experiments (kg hm™)
1996—1999 2010—2012

fib N ES S NZE N

Treatments Wheat Maize Wheat Maize
N PO, K0 N PO, K0 N PO, K0 N PO, K0
NPK 270 180 60 330 0 120 270 108 36 300 60 66
-N 0 180 60 0 0 120 0 108 36 0 60 66
-P 270 0 60 330 0 120 270 0 36 300 0 66
-K 270 180 0 330 0 0 270 108 0 300 60 0
1/2N 135 180 60 165 0 120 135 108 36 150 60 66
1/2P 270 90 60 330 0 120 270 54 36 300 30 66
172K 270 180 30 330 0 60 270 108 18 300 60 33

JE (NPK) , kb¥i2. -N (PK) , AF3. -P
(NK) , 2&¥4:. -K (NP) , 435 1/2N
(1/2NPK ) , Ab#E6:. 1/2P (1/2P NK) , 4b¥E7.
1/2K (1/2K NP) , 74408, 33k E&E, FEHLIX
HHEF . abBE2, 3, 45NN, P, K, HAh
FAbELL . AbFES, 6, 7K BRI N, P, K
PR, AR RS, NXE R 1996—
19994F433.35 m*>, 2010—20124F 599 m’,

RERHH : 509 ZUE . 430 1 Bl JIE R4 JES i 5
REE R, 46 Fh AT 0 5 B, TR 1950% F N8 2 5
TE B F R AR WU 9738/ k1 0038 it

HERAVEY AP . 1996—19994F 0] H £ K H .
1996, 1997 4EH{EA19S, 199844 K108; & /N
FFLAZ38, 2010—20124F [0 B £ oK MR H.20, &
INZE R EEA2108,

. BEEKRKMOHI15H—20H, Uik k9
H20H—10H3H, fEMiE37.5 kg hm™, FEAW
60 000Fkhm™, &/NE HI0HSH—8H, K4iE6H
10H—15H Y3k, #&FAiE187.5 kg hm™, FEARW
3607 Hhm ™,

B ETH . 1996—19994EF £k . & /)
¥R /NI A TROR JE I, NERFIR I, K
KAEFFALH . 2010—20124E - £k . & /N
FPETE AR50 m?, 25 m?, /NG R E KA AT
Mo RIS R4 T 45 A & R S A i 2R A, ATk
FREFE A 0 J5 430 FH T332 o0 6 b 0 5
1.3 TEFSMNERZE

1978, 1993, 20054 =~} B + 3 3% 73 i

E AR, o, e MR RS R A
Eo = 7R N o I S & A S AVR N S &
( Olsen—P) FJH0.5 mol L ~' NaHCO, R #4184t
Pk e (22 tk 8 ) SR AINH,0AcR
) QD32 N
1.4 HIELIE

A T BT 1996—1999 . 2010—2012
A A B B A REUR S A7 X6 A 8 SRl A S
A AR . B WRe . Hob, AR
RRW TR, RBEATIE . EBAKRA . &
PER . WA R, %003 W T 1 4 it
A B HRE R

FWFHr (kg hm™) = (AEAR+RTFENE D
) A B KPR RRS A e

TV (%) = ( OB+ RTEEEYIRS A4 A
i) - CFPRLRIRS AR & ) ) x 100/% H 4t

TR B FRRES (AHXTEE) (%) =
A (B, B ) b3 5 x 100/NPKALFH ™ &

BE R SPSSE A b 7

2 R 55

2.1 1978—2008F B RITWILIEFRLIEFRS T
Wb A A7 T R AT L S T X Bl S A
e . ARE. TG MUBHES . AHF5EBER T £
BADLT . 2R AR A SR bR,
XTI 1978 . 1993 F120084F = AN 4F 48 1y 48 4k L) B
ZIX B 304FE ] SR AR R AL (R2) o 45
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R 304k EHEANLT . 2%, AR R
FEHG I, o P S T 5 B U AR R S S
B, 519784EAH L, 19934EmF HHEAHLT . 4
R AR B N2.24 ¢ kg'L 0.12 g kg
4.36 mg kg™, H19934F L E, 20084F ] + 1A HL
B, &R AR B ENS.43 ¢ kg 0.19

g kg™, 13.41 mg kg™'; S19784EA L, 19934/}
AR 16.45 mg kg™, 519934 L #K,
20084F I - A AL B AN T 13.40 mg kg™'o 45
WERW], X ISR A R B R A FE1993—
20084F |, A HLET . %, AR RS oy
15 304E ] 25 1k s 52 70.8% . 60.0% . 75.5%.

R KITUWLEFRIEFLIEFDEHTEL

Table 2 Dynamics of soil nutrients in the piedmont plain of Taihang mountain during the last 30 years

- AL ey A2 Available P SRR
Tl
nH oM ( g kgil ) Total-N ( g kgi1 ) ( mg kgi1 ) Available K ( mg kgil )
Ttems
1978 1993 2008 1978 1993 2008 1978 1993 2008 1978 1993 2008
Ty
(R \ 9.38 10.88 15.82 0.59 0.64 0.77 6.08 14.96 31.03 98.02 74.81 94.82
ean
Baoding
0 cv
(193) (%) 23.2 23.2 17.2 23.3 19.8 12.2 19.8 54.4 60.8 22.2 28.9 19.8
0
an
ARE Vi 10.94 1345 17.77 0.61 0.81 1.06 7.72 10.53 32.55 101.62 102.18 102.8
ean
Shijiazhuang
cv
(401) (%) 19.2 20.3 12.5 37 60.8 14.7 60.4 54.2 24 36.6 62.3 16.6
o
e AT
T 55 6.1 11.24 19.01 0.7 1.02 1.05 10.89 14.61 17.09 115.82 106.41 113.2
Handan Mean
—Xingtai cv
80.6 52.1 30.2 31.3 21.4 14.4 24.9 24.2 12.2 37.1 40.9 20.4
(257) (%)
\ 16.82 9.15 11.39 0.60 0.72 091 8.3 12.66 26.07 107.18 90.73 104.13
ean

1) FEA E: Number of samples

KT RGBT I 304 8] AT L Ll 7T Dt 4 g
FENE SRR Py s A AR SR A, ARSCLAA R
JE T A /INFE - B R OR AR XY 38 6 I 4T T
EAE (E2) o mE2AAL, 304 A KT
TR AL A B2 R E1978 . 1993 2008
AE3ASEH A AT A e A A, (EA BILTT A9 3
KRB WA 225, flan, 71978, 1993,
20084 HLIT KT 20 g kg ' AYRE 4091 5 BREA
MIEM0.3% ., 3.3% . 33.5%; 10~20 g kg™ 435
H66.7% . 82.6% . 61.2%; /NT10 g kg /344
33.0%. 14.1% . 5.3% T [FL G Z A A4S 5
(FrifETT 22 ) LA20084F i, UL, X+
A LT ) AR S0 B R AR . 52 AL, 30
AEIE] 3 e W A WA T, H 3 A g
R R R & B A, (HAE19934F

AR S fe K, X R WATE 1978—19934F 1 18] A [H] f7
SUTE - S IR AR A St T RE RS 8 A — B, T &
111993—2008215 affyEEAEET T, &7 8 Z [ A9 AR
S NTFIREWEN, HIEAFEN S e SRR
B T AR A BeAh, i IX I 4 e R R
P BRIk, BN, AR T30 mg kg™
FIBL RSB 1978 . 1993 F120084F 4351l o5 BAE A it
10.7% . 2.7% . 36.9%; 20 ~30 mg kg "4 5
2.3%., 7.2%. 23.8%, 5 T10~20 mg kg™ Z[A] 4}
W5E23.6% . 38.1% . 27.2%, /NT10 mg kg '35
473.4% . 52.0% . 12.1%., 3/ Wi ja) + 3564 2%
B 11 o A A5 2 B B A O I S A AR
FLBR T AN TR A5 =2 ) ) A8 St 7 28 347 186 i =2 4b
AR v B i SR E 1 It e W o3 A
. LA FE1978FN119934F
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XIHEFE A5 RAT L EEF R 3047 ] 138 57 73 5 AL g

B4k 1329

12 DI S KB 1Y) 5 O A AT S s IS A
fii, 1978, 1993, 200843 HHH A F150 mg kg™
Si7.8% . 4.1% ., 13.1%, 100 ~ 150 mg kg "4
W i43.8% . 31.5%. 30%, 50 ~100 mg kg™ 434l

80

45.2% . 58.7%. 54.2%, /NT50 mg kg 3
3.2%. 5.7%. 2.7%. {H7E20084F, FMik5H 11
BB AR AR SR IR G , BRIV 5 o7 st 1) 4 A,
M T R T IEAS A U, Kt R B s AL

150

200 80

- a OM-1978 d TN-1978 g Olsen-P-1978 ] va.K-1978
L
S 60 150 60
o g 100
%% 40 100 40
3 50
T 20 50 20
il | |
ousitl 0d (1% 0 i
0 20 40 60 1 2 3 4 0 50 100 150 200 "0 100 200 300
80 150 200, 80
3 b OM-1993 e TN-1993 h Olsen-P-1993 k Ava.K-1993
S 60 150
I g f&, 100 60
4% 40 100 40
£35 50
E 20 50 20 h
7 Ll
0 0 ) 0, j &Q&nn
20 40 0 1 2 3 4 0 50 100 150 200 *0 100 200 301
» 2500 . 5000 5 5000,
= P OM-2008 f TN-2008 i Olsen-P-2008 i 1 |Ava.K-2008
1 £2000 4000 4 000] 4000
G
§ g 1500 3000 3000 3000
- i
E 1000 2000 2 000] 2000
500 R 1 00082 1 W 1 00052 ? 9900
0 20 40 60 1 2 3 470 50 100 150 200 0 100 200 300
A HLFiOrganic matter 4% Total nitrogen A2 Olsen-P T Available K
(gkg™) (gke™ (mg kg™") (mgkg™)
MAF RS WML, 07 FIRFII AR, WA RL IR IIE = 1L ShRIEZ AR 5 0
Dash lines indicate Gaussian distribution, “0” the frequency of soil nutrients distribution, solid lines indicate the range of soil

nutrients within * 1.5 standard deviation

E2 AFEN1978, 1993, 20084FE +IEAHLFE . A .

A R S A

Fig. 2 Distribution of soil organic matter, total nitrogen, Olsen—P and available K in Shijiazhuang during1978, 1993, 2008

B2 R) AR Sk — 2D R A IR Bl R 2
2.2 G EX IR RS S RN TR
A7 G b, DX T R AT L L TR P S R Y
INFZ - FOKREEAE X, 7 g A ) A8 Ak e E R i
VAL w575 e PO NN IS s 4 N 0 e B U s
ZHLIX ) 1996—1999F12010—20 1 24 i 4~ i 1 AT
b AL R A [) U B ] T S U P A S
FF-BRDE , LA 75 1L 7 It DX A S 5% 4 T
FXPE AN -3~ I b S5 g 25 PR 2 2 NES R TR N
BLANFR3 PR, v U B A S5 e i T o B e Y
b F 2T A R A E . A5 R E W] 1996—1999
AERNZ AR IR H B KR FE AR A . 2010—2012
AN RN B ORAEFFRIIA L, A B30T A >0 it 4 i
TRZEEREWAAH285.2 kg hmF1236.2 kg hm ™,

A3 A S AEVE Y A (/N RS A IO S
) M b O R B 25.0% F146.3% ) #959.5%
F146.3%; 1128 Z AL R A 5 24 5
910.7%F3.0% . 754 3 1% 20 452 it ol 2 9 WL 21 4%
26.3 kg hmF115.9 kg hm™, 2051 &5 24 2wl o
(/INZZ T R T W SO 43 ) ot 1 08 R A A 1)
24.8%M138.4% ) 1926.2%14.8%, 1/2PN 435 Ky
TH-9.7% M -15.9% , W5 1 A > 15Tt A o 2 U
BA3104.6 kg hmH136.9 kg hm™, 4351 5 24 Z= 44
Wi (/N2 L FORFEFF WS 43 ) o b 5 R g A
HH76.7%M80.3% ) HI37.3%F112.4%, 1/2KI43
BN B5.7%M2.1% ., AT, KAT LR
FUBE A it B R TR AR B M TR R,
M3 T R & W T =
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Table 3 The balance of soil N, P, K in the rotation of winter wheat-summer maize
A i eSS ) W1 eSS )
” N balance P balance K balance
year Ttem
NPK 1/2N -N NPK 12P -pP NPK 1/2K -K
i Alnput Y
) 764.9 427.5 70.4 127.0 83.4 37.6 385.4 295.6 203.4
( kg hm™)
I utput
%/,\ Hj 0 P 2)
) 479.7 386.2 210.8 100.7 92.3 78.8 280.8 255.6 236.7
(kg hm™)
1996— M1 (kg hm™)
285.2 41.3 -140.4 26.3 -8.9 -41.2 104.6 40 -33.3
1999 Apparent balance
BTs (%)
59.5 10.7 -66.6 26.2 -9.7 -52.3 37.3 15.7 -14.1
Percent of surplus
FHIE (%)
49.8 65.0 — 12.2 15.0 — 24.5 11.1 —
Apparent recovery
%ﬁ)\kg hm™
746.2 415.8 110.3 123.1 85.0 42.1 335.5 274.2 213.1
input
i kg hm™
510.0 403.7 341.6 107.2 101.0 88.1 298.6 268.5 247.9
output
2010—  FIFH (kghm™)
236.2 12.1 -231.3 15.9 -16 -46 36.9 5.7 -34.8
2012 Apparent balance
B sl (%)
46.3 3.0 -67.7 14.8 -15.9 -52.2 12.4 2.1 -14.0
Percent of surplus
FIH %
29.5 23.4 — 11.4 15.4 — 49.7 40.4 —

Apparent recovery
HE: D) WMARDSOFEWRET RS, Ko, 1996—19994/NEFATE I, FORFEFT AL, 2010—10124F /N A2 Fll B R FEFF
EH 2) F MRS AR, CPR/NERSFFRA G K, FORFRHAMAL/NEZ . 3) B OH R0 5 A 7 2 Tk

#/~ Notes: 1) Input of NPK includes NPK in crop straw, and in 1996—1999, straw of winter wheat were returned to the fields and

summer maize stalk was not, while in 2010—2012 both were returned to fields. 2 ) Nutrient output includes nutrients in crop residue and

grains harvested. Actually, the nutrients in wheat straw were returned to summer maize fields through incorporation and those in maize

stalk to winter wheat fields. 3) Percent of surplus was indicated with the ratio of Apparent balance to Input

23 IEFSSETUNAMETENLMEMN
W E AR R R S e U B AR
B FEZLIR A, A GEATS LA R 3 7T 4 HERE 3 AN 5] 4 7
A PR AR 7 e X B sk o 1 AR AR ], DA B A
AT L A1 Dt A 49 1T g 3 o X6 AT Ak = 2t 4500 1)
M, 4N, 7E1996—19994F[H], 7E ANt A
JEAAET (=N, A/ T K AR ™ itk
NPKALFEAYS51.4%F154.8% , 11 1/2N kb BR Ay 7= 2 AH
M T NPKAL B 5 1991.0%H185.4% ., 2010—2012
AR TR, —NARFE/INZZ RN KA G 7 R v B A Y T
NPKALFEAY89.3% F172.8% , 1M1 1/2N kb B {4 /N4 Fil
T KA AT U 43 M 96.2% F177.3% ., 51996—

19994E[AIAR L, /NAZ FEXT = i Mg AT i, oK™ o
MAAR % . EAREREAR 4R, 1996—19994F
6], /INZZ R0 T K 7 5t 23 5 S NPK AR B 83.9% F11
83.1%, 2010—20124F-PAbBE/NZ BT P 52
FSEA K, 1 K B AR = R = T 7.4
T AN I A 172K Ak B /N A2 K A AR
AL AR TERRRALN RS b, BR T -KAb
PRAE TR TR AEXT P A T AL, HoAth b 2 AR
X7 AR FEARAS o T UL, RAT Ll TR
X AT R S, EARBTA/NEME |
DK () 77 a0 AR i iz ) H R
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Table 4 Yield response of winter wheat and summer maize to N, P, K fertilizer during different periods (average )

1996—1999 2010—2012
W MRt RUbR RRPeR DR MR AR SRR AR
Treatments  Wheat yield  Relative yield ~ Maize yield  Relative yield Wheat yield Relative Maize yield Relative
(kghm™) (%) (kg hm™) (kghm™)  yield (%)  (kghm™) yield (%)
NPK 7 475a 100.0 9041a 100.0 7 800a 100.0 9 792a 100.0
-N 3 840d 51.4 4 956d 54.8 6 968c 89.3 7 133c¢ 72.8
-P 6 269¢ 83.9 7 515¢ 6 600c 84.6 8 832a 90.2
-K 7 066b 94.5 8221b 90.9 7 534a 96.6 8 434b 86.1
1/2N 6 803b 91.0 7 724c 85.4 7 500b 96.2 7571c 77.3
1/2p 7 098a 95.0 8 463b 93.6 7 651a 98.1 9 383a 95.8
172K 7 182a 96.1 8 837b 97.7 7 600a 97.4 9 214a 94.1
3 i © P05, KOV 204, 120, 102 kg hm™, /&

3.1 TIEMAREE A EBEA AR
AWM, 7E1978—20084E304E ], KAT
I AN -H FORRAE X AL . 4
A AR B ER R, WEE AR A
AR RN 43 -4 416.82 g kg™ . 26.07 mg kg™
100.0 mg kg™, #2012 904X 5 1143 5 14 fn
T75.83 gkg'. 10.17 mg kg™'. 24.9 mg kg™'; H.
4 e bR B I A 1993—20084F , I 1 54F 88 i &
i 304E (8] 25 4k B 60.0% ~ 75.5% . -+ HE A AE
1978— 19934 W [l Z W FEAIL, MIAE 19934F 2 Ji5 Fii
RS FF IR T T S0 4 48 o A A 2 kg e
WE R B . AR . SR Y B 4 g
SRUERRE A E W A L 20 E20124F, &5
1996— 19994 [0] Fh#%, Z X I {0 . o . 47
RE A4 /NERE DT B IN37.9. 0.7, 2040 A 4
L, BRI N8.0, 7.1, 4.8 H4F M,
2T 5 AR R ) A REAR S TR A Rl . PRk
L R B O RO RN R A G
TR E ARG e R AR B
P RE T, WIAESZ A A . BE . SRR SRS A
MR RICE U R T 2012 804EA /N E T+
LR BE S H45% ~ 48% , 19984FE T E T E M A&
TEWAR . . BPAC R 2505 °830% ~ 50% .
15% ~20% . 35% ~50% "', k@i 10 p gk
2001—20054F ] JLF1 R HE X 894~ & /N2 | 824>
HEKRAE A . . FEFHZE, £/0NE LN,

K6 100 ~ 6 370 kg hm™, &, B, #AE24FH]
R H16.4% . 10.1% . 35.9%, EXK N,
P05, K,OFHHH171, 110, 119 kg hm™, =&
K5 100~ 6 710 kg hm™, &, B, #0555
H26.3% . 12.6% . 32.4%. =% 2" 45112002—
20054F 2 [H 165 H BN 25 R . W E FERE
ER (/NZE . KRR, oK) AL B, BRY 3R
BVI28.7% . 13.1% . 27.3% . HPWIT304EF F A
BETEA/NAE | L EOK B s, AR 4 A1 A
TR TR, 38R A AR AT B8 7 i i
VRS 2. B A g o 1y 2% T 53, 1T A A )
KF o X5 EI A S KT BN B oK
B R 25 AL, a12010—20124F [H] & /N A -
R INPRKAL A # . AFIEA] R 5
WK29.5% . 11.4% . 49.7%, 51996—19994F [}
MR B AT 3R49.8% . 12.2% . 24.5%H 1k, AN
FIH R R R, 5520340 E 408 ok, BRE
FIHRIEAT T B, EHR R A A R 4 v T 254 A
Ay, X FE RN T2010—20124F 3% 5 B 1) B A
PR TR (£1) .
32 SEERAVRTEEEREHEHERT
3R A3 B 2R W A HEAE KT TR 2 S i JIE R
SOV B ER AT A A B e A e S
BAED) i 7= R, BRI R 46 e L R XU
e N R, b HEIE MR TR, B
E A U A it 0 A R e R AR R . 2014l
SOAFAR A1 N Iy A1 87 i 5 A1, 4 vt A g 3
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WS HR BT H AR A 5 I S Ao HE A
BONE PR 2 T A B A Y L ARk, T
TA . B M A R TAEDm e
- e R AR WA R B R S R i, e
TRE B 8 7 N FRARG B R = 0 i £ 11 i R AR
AN, BRBE, FRIECRERIR oR BT B A 28 B e A B
22y LG A P B R s 7 L R X — ) R
Porss R LT A R A A
RO RE, DL RN oA EITT R A it I
H g - me e 5, R H—JT . otk
SIC RO, BRI 34147 g AT IE
RN Y, G A . BRI
FE Rk 72 A7 3k 56 45 SRt BIE 52 T & /N RN KSR
T8 00 A 1 7 o e O 326 TR 55 L 2R B B R R
TR XoF R 7= i R 07 ) 555 Ak 5 ) S H: - B8 3R 43
A, 2010—20124F 3% X I 4 /N4 - oK §
ERNL P,0s. K,OfETE & 53 385.5 ~ 435.0,
27 ~54, 30 ~45 kg hm™>, X [+ AR 7 40 XF 45
KRBT A91996—19994F [A] A HE7E Fl 5450 ~ 500 .
135~ 150, 90 ~ 135 kg hm 454 KU B A 112,
e A B AE W 1 R B RS, R AR RO
HHRBEAABEIE & B Tz XA 904F i —
EACERS AR I, BT AIE R RN £
K FEG A 8 FH 43 43 51 7 H b SR I IR 197 6.7 %
80.3% , [N ITE/INA FE B0 IE i #E 72 F 2 3k
WE B R . 6 T 2010—20 1 24E ANt & ( B .
BE) Ab BRI G T 1996—19994F , FELE
A2 T H AT 58 0 KO8 32w, PR 3
Mo Sy s, M8k, ORI B B N2 R
K AOR — 2, 2 5 e ZURE B N Y T
HE,

4 4 it

PE304EME], RAT I e H AL . A
W W IN45.6% . 214.1%, IT 1SRRI NG 5
304E A 25 Ak M 70.8% . 75.5% ., 1978—19934F +
$9 RSP S B DA B, 1993—20084F 5L % #i b i
kA TN S B A LT . A AR N
AR 25 AR S R A, 304 [ X B+ A
BLT . A A5 RIS A5 Y 25 [A) A S e s, -0
R A A AR B WA /N . AR R T B A 1
Ry S YN MIE , K 1996—19994F 1],

S 52 4
KN bR HEBVAL L B BTREI AN I HIN37.9 .

0.7. 24 E M, HEKREEBME . #6ET5r
BIHEIN18.0. T4 EH 435, HLBRRE S BEAR4 .84 H
Gy ie EURTIZ DX 3 A 195 43 B R0 o0 45 RS
AN SR
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CHANGES OF SOIL NUTRIENTS AND SUPPLY CAPACITIES IN THE PIEDMONT
PLAIN OF TATHANG MOUNTAIN DURING THE PERIOD OF 1978—2008

Liu JianlingI Jia Ke"" ? Liao Wenhua' Gao Zhiling2 Lu Yinghua3 Jia Wenzhu®
(1 College of Resources and Environmental Sciences, Agricultural University of Hebei, Baoding, Hebei 071000, China )
(2 Sino-Arab Chemical Fertilizers Company Limited, Qinhuangdao, Hebei 066003, China )

(3 Hebei Provincial Department of Agriculture Soil and Fertilizer Station, Shijiazhuang 050021, China )

Abstract With the termination of national soil test and recommendation initiated in 2005, it is
indicated that soil fertility has been improved in different magnitude, especially in the soil phosphorus.
Therefore, how to determine reasonable fertilization rates under different soil fertility conditions has become
an important issue to maintain or increase yield yet reduce the respective environmental risks. In this study,
to examine the current soil fertility, total sampling sites of 851, across 17 counties in the piedmont plain
around Taihang Mountain during 2005—2008 ( national soil test and recommendation ) , were determined,
where 193 sites were located in Baoding, 401 sites in Shijiazhuang and 257 sites in Handan-Xingtai area. To
examine the dynamic changes of soil nutrients of winter wheat-summer maize rotations in the piedmont plain of
Taihang Mountain in Hebei Province, historical parameters of soil organic matter ( OM ) , soil total nitrogen

(TN ) , Olsen-P and soil available K in the databases established in 1978 ( the second nation soil survey )
and 1993 ( Changes and control of the arable land top layer in Hebei Province ) were extracted. Although
the research target of above databases in different period diversified, but large number of investigated sites
had same global coordinates, which represented 50% of the total counties within this region. Therefore, the
historical correlation between soil nutrient elements and soil fertility can be evaluated. In addition, in order to
evaluate the impacts of the changes of soil nutrients on the yield responses of winter wheat and summer maize
to the N, P and K fertilization rates, two field experiments during 1996—1999 and 2010—2012 located in
the Gaocheng, Shijiazhuang ( 38°00’'N, 114°50’E ) , a typical winter wheat and summer maize area in the
piedmont plain, were selected. of these two experiments, seven treatments including NPK, -N (PK) , -P

(NK) , -K (NP) , 1/2N (1/2NPK) , 1/2P (1/2P NK) and 1/2K (1/2K NP ) were carried out,
where the =N, —P and -K indicated no respective N, P and K fertilizer applied, and 1/2N, 1/2P and 1/2K
indicated the application rate of N, P and K were 50% of the respective amount in NPK treatment.

Results show that, from 1978 to 2008, the soil organic matter (OM ) , total nitrogen (TN ) and
Olsen—P were increased by 7.67 g kg™', 0.31 g kg™ and 17.77 mg kg™', respectively, where the changes
during the period of 1993—2008 accounted for 70.8%, 60.0% and 75.5% of their respective totals in 1978—
2008. However, soil available K declined by 16.45 mg kg™' during 1978—1993 but was characterized with an
increase of 13.40 mg kg™ during 1993—2008. Meanwhile, spatial variability of OM, Olsen—P and readily
available K increased but decreased for TN. In addition, the relative yield productions of =N treatment
for winter wheat and summer maize during 1996—1999 were 51.4% and 54.8% of the NPK treatments,

respectively, and the relative yields of 1/2N treatments were 91.0% and 85.4% of the NPK treatments,
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respectively. After about 10—year excessive N application, the relative yields of —N treatments were increased
to 89.3% and 72.8% for winter wheat and summer maize, and the relative yields of 1/2N treatments were
also increased to 96.2% and 77.3%. For P treatments, the relative yields of winter wheat and summer maize
in =P and 1/2P during 1996—1999 were similar to the respective treatment in second experiment. For K
treatments however, only the yield reduction was found in the —K treatment hetween two experimental periods.
In conclusion, excessive fertilization in combination with the return of crop residuals during the last three
decades has increased the supply capacities of N, P and K in this region, and as a consequence, crop
yield response to the N, P and K fertilization is getting less significant and the fertilizer use efficiencies are
declining.
Key words The piedmont plain; Winter wheat-summer maize rotation; Soil nutrient supply capacity;

Dynamic change of soil nutrients; Yield response

(RfE%RiE: EME)
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