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Effect of long-term fertilization on crop yields and nutrition accumulative
recovery rates in Loessial soils region

E Sheng—zhel’z, YANG Zhi—qi3 , LUO Zhao-xia>, YUAN Jin-hua!, CHE Zong-xianl ,
WANG Ya-nan’, ZENG Xi-bai’, GUO Yong-jie!
(1. Institute of Soil and Fertilizer and Save water Agricultural, Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China;

2. Institute of Enviroment and Sustainable Development in Agriculture , Chinese Academy of Agricultural Science , Beijing 100081, China;
3. Tianshui Academy of Agricultural Sciences, Tianshui, Gansu 741000, China)

Abstract: Long-term fertilization experiment that established on Loessial soils lasted nearly for 30 years in Tianshui
city of Gansu province was conducted to study the effects of long-term fertilization on crop yields and accumulative nutri-
ent recovery rates. The results showed that long-term application of chemical fertilizers and manure significantly increased
wheat, canola, flax grain yields and wheat yields stability between years, combined applying chemical fertilizers and or-
ganic manure applying combined with chemical fertilizer resulted in higher and stable yield performance. The yields in-
creased by nitrogen (N), nitrogen and phosphorus (NP), nitrogen, phosphorus and potassium (NPK) gradually in-
creased with time, moreover, there were notable positive correlation between yields and times in NP, NPK, MNP and
MNPK treatments. The mean wheat yields increased by N, NP and NPK were 745, 1 413 kg*hm™? and 1 474
kg*hm ™2, manure application meanly increased wheat grain yield by 984 kghm™2. In all treatments the highest accu-
mulative nitrogen and phosphorus recovery rates appeared in NP and NPK treatments, being 44.35% , 44.55% and

15.11%, 15.35% , respectively. Manure application significantly reduced accumulative nitrogen and phosphorus recov-
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ery rates, MNP and MNPK treatments nitrogen and phosphorus accumulative recovery rates were 30.41% , 32.07% and

9.95% and 9.70% , respectively. The highest potassium accumulative recovery rate of 14.25% appeared in NPK treat-

ment, manure application also significantly reduced potassium recovery rate.

Keywords: long-term fertilization; Loessial soils; crop yield; nutrient recovery rate
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1.1 R

WG T 1981 4F il o7 T H o KoK i %
I DX K T AR B2 A 53 T Hh 2 X 0l X s i 3
Hi (34°05'N, 104°5'E) , 4K 1 650 mo I KRt
i, 1981—2010 P-4l 11.5°C, e il 35°C,
FRAIR - 19°C, =0 CHURE 4 134°C, = 10°CIN4FH
BB 3 513°C AFRF3 H MRS ECH 2 099 h, 473
KPHGE 5 5 468 MJ - m=2, 4F - 34 A= BREE 5 2 679
MJem™2, H i AR BUR = 5C A #5681 862
MJ-m™2, = 10°CAFEEEF - 1 602 MJ-m~2, TR
185 d,1981—2010 4~ B Fi 5 500 mm (321 ~ 831
mm) ,60% RN 5> 7 T 7—9 H o P2 k5
1493 mm, {50+ HERA A4+, Wk (2 ~0.05
mm) (005 ~ 0.002 mm) FAEHRL( < 0.002) & 5T
di AT 3R 7.65% (68.50% F1 23.85% . i I 4 Hif
(1981 47 )BFZ (0 ~ 20 em) HIEILAFRIL PR UL 1,
1.2 RIEit

KRR K B, 32 A0 B it A AT HLAE (M)
FUAS it FH A HLAE (M) Ab B, &I 4b Bk AS it £k e
(CK) Bt 218 (N) VB HE BE 4 A (NP) AR B 2
HERC A it A (NPK)4 SAb B, BEHLIX 4L HES , NX K
8.33 m, 9E 4.00 m, /NXTE A 33.32 m?, R 3 W,
1981—1992 4 4 4F Jifi N 90 kg + hm~2, P,0s 45
kg*hm =21 K,0 45 kg+hm ™2, 7E LI 0], 4l Az 7= 5k
BALNE B 2B 2 v Tl g iy =, 1993 4F J 35
TACAE R FH . 1993—2010 4F Ak I8 it FH & 4 , 4F it
N 150 kg*hm =2 ,P,05 75 kg*hm =2 .K,0 75 kg*hm ™2,
RUE R FH R 2R sl il 1 e, ol R P 5 3 Ao o 1 5
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TR — e, B ISR FH R PR B0, A HLIE S e K 13
1981 4EJiti A HLIE 60 t-hm~2, /NAZ & A= T 814K, 1983
G T AP R 19831984 4FFI1 1985 4
JEAHUAE 15 t-hm ™2, (H3 = HORA B, Wi —25
P A HLUIE G , 1985—2010 445 4F Jiti A HLAE 30

t-hm ™2, 1981—2010 4F [H] I % 4 & 19 35 7 & i 10
W HA VR 2R e85 w7058
20.10.3.01.1.16 g-kg™"FI 11.10 g- kg™ ' ; Bl fift & 3k
RO FNHL R 5 543 ) 274.43.189.26 mg-kg ™!
11190.09 mg-kg™ '

F 11981 SFIXIIBMAET 0 ~ 20 om THEE AP IR
Table 1 Soil physico-chemical properties of 0 ~ 20 cm before sowing in 1981

BR 2k 2 BB 2

A

AL A BT

Total N Total P Total K Available N Available P Available K Organic matter pH / LI]E:(l: N
/(gkg™") /(gkg™") Agkg™')  /(mgkg™)  /(mgkg™')  /(mgrkgh) /(g kg™") e
0.82 0.66 16.60 73.00 105.60 15.40 8.54 11.08

1.3 HiEEE

1981—2010 4F/NZZ il S A R 127 R TN T
VG, ATHE 15 em, FPA 5% B 5 20 M AR 7 S B AH
il o SRUTE Tl AL TS A L TES A 35 RS 2% i — Wit
ARG ERE . R X —4F — 2 I B AR
KNy 3, HilveHE S A A 1
i X AR R A AT, 29 4FH 1987.2000
AR 2003 4F = AR AEEAEY) A, 1991 4F R,
HARAFRIEI RN . B2 N TR . VED L
WA/ AR, 3R 75 5 B < 10 em, FF L FIRE FF
J R AR At Rk 55 A B i Y Rk AR
7SR AR ]
1.4 HBRESLE

FEVEVICAM , B/ NX BRI 20 AR AR /N X AE
Py AERRGL IR IR , FE AR RS , A 2R B 20 5 W7 1
W AFRLARS AT 20 B T A YR E 28 kL H 2R
FEOE T KT, 22T 105°C 24375 30 min, SR 5 7E 65°C
T PR RS A AR S PR S, B O O
(0.5 mm), FHF AR MBS AP R BRI S0 R
HIIHTINE o J3/INKCERAT B, FFRE K 2 B AR
FHOE NI T, FRE 1™,
1.5 MEmMBRFE
1.5.1 HWHEREGRAETEE  WEFRBUEFE
i (2 0.5 mm) 0.5000 g A 100 ml FFEIFCHS,
e H,80, 8.0 ml, #5], &I . TRV LAk
TR, 7 HyS0, & VIR PR T =il B,
BB FR R AR, FYR E N 10 % Hy000 FFANFA
I, &2 7 ~ 10 min, FH )5 EE N H,0,, TH
B HEEROR . BREINE H0, N Z#R >, 1 &
B ETOEIES , NI 10 min, B 2R R 1
H,0,0 RHG B IHZ R HEFE A 100 ml 25 5
T, B o T T R W B R E
TS A, IS IE R iR 25 . AR FELIRE A

PAE , BRI b L % 3R T KA G RE
B
1.5.2 3B AIIEERZAMR  THFRHY
N R PR 4592 5 338 pH(ECR FH 2RI /K IR $2 (K
e 1:2.5) ,pH i & 5 T3AHLBCR T EH R IR A
EIEE RS IERE .1, FCRATFRE; &
PRI AR H] NaHCO; 44 filt, 4H 64T b (53 T KM
FRED M 5E o Olsen — PR MR 0.5 mol- L' pH
8.5 [ NaHCO; W= 32, BHEH B Ll 072 ; ok Ak 280 ik ft
PO ; AR 1 mol - L™ AU BE PR EIR 32, KA
JERE I E
1.6 BIETESSHITHH

RO P B A 58 BAE T i i it ke
/U Bt e I T B A IS P Ak B, AN B MR M TR
WEFNA AR P S 800, BB A I R % BE Ry it , T35
AN [l RS AL B A 384 7 3800 o ANt F AT AILAE Ak 3 e )
CKOANHE AT AT RERE) A Xif BE it A5 ML AE b B o DL M
(At A AL ) Ry X B ANt AT ML AL B A A TR] 4k
IS B s 5 P i Ak B )3 77 U0 A : N = N - CK, NP =
NP - CK, NPK = NPK - CK; it A HLAE AL #, AT 4k
JIES B s 5 P45 it FH AL 3L 3 7 R0 R : N = MN = M,
NP = MNP — M, NPK = MNPK — M; /& HLAE A8 18 7= 24 i
S M=M-CK ™,

For AR (%) = [ — s W] 8] P i AE A FRAE 4
o 3 BRI 4 i (kg hm™2) — — @ B[R] YA
I %o} BE AL Py 3 SRR R 405 4 (kg hm ™ ?)
/—E B RFFR A (kgshm™2) ] x 100%

YEYIHL 8 5% 50 15 8 (kg hm™2) = [/EPIE
FEr=a (kgehm™2) x FR40 MR (g-keg™") + MEWIFFRL
Pl x FROPUE (g kg™") 171000

B Ge7rHr R FH SAS8. 0 HEAT R IX 6 )y 25
A3, AL B OR e A ALIE (M) F1A it A HLAE
(M) Zb 38, &) 4b 34330 A A it A6 B ( CKO) L Bt I8
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(N) R T T2 45 it 7 (NP R 40 e 0 A 5 vt
(NPK)o Hl P<0.05 1 LSR {E.(LSRy o5) MR HEH 1T
AL H ] 22 5 B PR G, R H3E ] Excel 2007

2 AR50

2.1 KHEMKEE T EMHEEREEN

i FH A HLIE AL IE (N NP FI NPK) %if /2 Jil
SRR IR = FPVEYIFFRLTE 277 R AR A S 2 el i 2%
FISZI 1 H A HUAE 5 10 A8 ) 52 AR F ik 31 4 3
ol B E K- (F 2) o Uit ZUIE (N) AR B (n = 25) /)N
T KPR35 77 8 B X RGP 26, 43% , BB L A Ak

R2 AEERERLEXMENT=ERNETELTZRY

FH(NP) 20 BRI P2 50 11 % , 80550 e -4 it i Ak 3
(NPK) %%t BE 3 7= 52.25% . it FH A5 HLAE &b B /N %
KPR35 77 8 B AN it A LI Ab B3 7= 18 74%
(1) o IS RS RRFFRL ™ 1 B it AN L R E 5
FR B 49 BC A A B 43 1 B ) B 19, 31%
37.79% .10.75% 1 8.71% .23.39% .22.84% . Jiti
FHA HIUIE Ak FH SR RA AL ™ B 73 AN it A
PLAEALHE 7= 32.81% M1 7.01% (& 1), fLAE 5Lt
(N) FIBC it (NP, NPK) 4 B /N 22 Fp R 7™ f 34 77 i i
B TSR AR R, T S A AILIE e s ik, -
FERLIR)1G 7 M B B S R T /N2 R R

FNE T E S

Table 2 Variance analysis of the effect of fertilization on crop yields and wheat yield variable coefficient

) FAE F value
S s : . : :
Variable source df IN TS = R INFZ PR S R
Wheat yield Canola yield Flax yield Wheat yield variable coefficient

HHUE Manure 1 244.39% " 22.50" " 5.79" 66.79° "
{LAE Chemical fertilizer 3 284.36" " 6.28" 12.70%* 128.11""
AHUE x fAE
Manure x Chemical fertil- 3 21.02" " 4.08" 3.66" 21.85""
izer
%2 Error 12
SR Total 23

T Foos(112) =4.79, Fo 0 (112) =9.33, F 05(3 12) =3.49, Fy (3 12) =5.95, *, * *,

Note: F test critical value are Fy os(112) =4.79, Fy.0(112)=9.33, Fy5(312) =3.49 and F;(312) =5.95. %, = x,

nificant at P <0.05, P <0.01 and P <0.001 levels, respectively.
O /N5 Wheat
5000 - B3¢ Canola
B ¥k Flax b a a
4000
3000 |

2000

1000

i 4 7 & Cropyield/(kg * hm™)

Mo

Jiti A Ak B
Fertilization treatment

* * * 3 HIFRLE 0.05.0.01 F10.001 K |

* % % indicate sig-

3%} ) = wn [
=4 (=} [=} =4 (=}
T T T T 1

H e
=2

AN KT R R S AR KU %
=

The coefficient of wheat grain yield

[=}

CK| N ‘ NP‘NPK CK‘ N‘ NP‘NPK

M, M

it HE Ak 2
Fertilization treatment

1 REMEEAEXMEN=ER/NEFELERRYHIZ N
Fig.1 The effect of fertilization on crop yields and wheat yield variable coefficient under different fertilization treatment
1 B RV E AN Rl B R A B R] 22 5738 3] P<0.05 WK T My—ANitiA HUIE , M—i A HLIL, T,

Note: Different letter in same crop are significantly different at P<0.05 level. My—no manure treatment, M—manure treatment. The same below.

LT RIS AN RR B AR B0, 29 AR AT & A LI R RE X /N 22 L 7= o 14 73 S R B3R

3 AR, 1 AEFRE AR, DRS00 BT AN R 47 15
BN RPRL 48 (n = 25) AR S+ R 8. 3k 2 nl L

AR 2, T HAT HUIE A A AE Y 52 AR Al ik
PR K B RS (N) U S U B I 5
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Jiti Fi (NP, NPK) il it JF A5 HILAE 76 386 il /N 22 R 7=
F14) [F) s B S8 B 00 1 A B [ /N 22 F b i 1) B e 1 o
PR ZRUIE (N) L ZUBE I 6 it F (NP) 1l 20 e 5 it
FHAR PR (NPK) /IN22 778 4 8] A5 5 22 5050 391 s ok B
AR T 22.42% .36.12% 1 36.30% . Jiti FHA HLIE AL
HRAF B[] /N2 KL i 1) A8 5 2R s At A HLAE
AEFRRFEAR T 14.96% o
2.2 KHEMHEETEN=ENET

£ [7]— A FEAN [R) AR B ] /N2 AR ™ AT B R 1Y
e H BAASE R , B MNP Fl MNPK 4bFE &b, Ho4x kb
BN AR i I I 2 0 AT B AE 252 1 7% T R
RIE T ROE , AR b FE vl H Yy =190+ a/x P TR

BIPRS00 B 2435 3 4 3 sl B KT (P <
0.055% P <0.01)(53). XH(CK) AR (N) .
FUBERCL i (NP) | 20 8% #7 BC it (NPK) . 587t A HLAE
(M) A HUIE S ZAEECA i (MN) 238 2010 4F /A2
FEoRL 7= 5 43 B A 1982 4F A1 N 7= ) 37. 07% .
65.47% .82.27% .86.15% .51.11% H1 87.38% , X
SECRIERL A HILIE AL 38/ INZZ KA 7™ o R AR i ) J KT
Bt R A HLAE S R AL A AL PR . U AR
AEETC A5 it P AT BT I AR /N 22 K 7™ 8 D 1)
P AL E W (MNP) L & B (MNPK) 5 i
FHAb PN F2 AR I X 6 4 PR ) A28 252 1 B I R
PEAR (R 3) .

R3 MEFETUER

Table 3 Wheat grain yield changing trend with time under different fertilization treatments

s LAt/ (kg hm™2)

PR S / (kg hm™2)

Treatments Initial yield Yield change trend K F

CK 5365 y = 1689 + 4448/ x 0.58" "~ <0.001

Rt HLAE N 5465 y =2579 + 3589/ x 0.50" "~ <0.001
No manure NP 5510 y =3678 + 2610/ 0.25"" <0.01
NPK 5610 y =3795 + 2524/ x 0.23° <0.05

M 4805 y =2828 + 33678/ x 0.40" "~ <0.001
EE HLIE MN 4730 y = 3670 + 2546/ x 0.19" <0.05
Manure MNP 4685 y =4196 + 1519/x 0.08 >0.05
MNPK 4950 y =4142 + 2004/ x 0.14 >0.05

T, x % Fllx % x S RIFRIR/NE 7 it AL @G BRI L5 7K 35 P<0.05, P<0.01 Fl P<0.001 &Ko x FIXIFaE4EmR .

Note: * , * %,

the experiment continuous time.

R T T PR R A R SRR A DR RGN AT R
P AR RZ I, SR FH AN ] i A Ack B4 F 338 77 35k by (S [l
JEL A B35 = 0N = A [) it A Ak B A 7 i — X B
) RAIF 5T A [] i A Ak B /)N 2 A7 7= 8 ) 5 1) 5
AR, E 2 ATE A AR R I, TG
R TENE FHA HUIE AL, 38 S FEAN i FHA HLAE AL B
FI B it I8 (N | 0B T it (NP B S0l 4 T it
(NPK ) 4b 1 114 334 7= 250 o7 #1012t 38 7 344 n e 4, iy L
FUBEBCTHE (NP) B U4 B Ak 35 (NPKO) Fe 38 77 8500
SR04 PR (A] S AR 2 Bl 2 IE A OGO R . AR
Jiti (NP) S B4 0t (NPKO) A 33 4 189 72500 107 ik 36
AR 4 W B o KT Bt U8 (N AL B, et A
MU FUA it F A5 AILAIE 79 =5 Ak 2 b 5t 208 () L
BTt (NP) B U4 Pt (NPKO) Fr) P S48 77 500z 4
ISR 7451 413 kg-hm™2F1 1 474 kg-hm ™%, A5k
LRAF (1981 4F ) t A HLIE G FH 42 K (60 t-hm™2),
S0t A BIUIE A BN PR 0l , A AR 4y i T A
HURE A PRI 77 35007 bR, -3 A it A HLAE
AL HHE = 983 ke hm =2 (1] 3)

* % * indicate the significant level of yield change trend fit the model at P<0.05, P<0.01 and P<0.001, respectively. The x as

2.3 KHIEAMMEE T &BHEHER ik

ANt A HLIE AL 3, 1981—2010 4F 29 4F Bt
RIE(N) , ZUBE LA it I (NP) F1 B 81 (NPK) it 5
Tt AL FE Y R 3R BRI A RN 3 690.00 kg* hm™2,
1A AL AL B (M) A 2R BRI A RN 2 565.00
kg hm =2, 1A HLAE -5 1L AE (MN . MNP 1 MNPK) fic &
JitE AL BRR R R B AR R 6 255.00 kg hm™2,
JE AL AR AL (N NP FI NPK) A9 1.70 15 (& 4)
Jiti FH 76 HLAE AL AE (N NP F11 NPK) X %80 0 21 110 485 H
A R E R i A PR 5 AR 4 58 B AR R IRk
B EKT-(3R 3) o I AL AL BRI (CK) .35
e T AR BEUE &, Hd MNPK fil MNP (R &R
P2 i , HOO NPK ORI NP AR, DL CK AbFE
XFHE, AR RA SR, N NP, NPK, M, MN,
MNP #l MNPK 4b 3 /) 20 R 52 B 1m0 0 2 43 531
20.86% . 44. 35% . 44. 55% . 26. 75% . 26. 05% .
30.41%F132.07% , B AT WL, 5 5t ZAE AR L, 1k
NE LT & P i T AR W R AR it A LA
AR T NP 11 NPK AbHE R BRI IR
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Fig.2  The change of increased grain yield by different chemical fertilizer treatments
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Note: *, * %, % % % indicate the significant level of yield change trend increased by fertilization fit the model at P<0.05, P<0.01 and P<0.001

level, respectively. The x is the experiment continuous time.
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Fig.3 The change of increased grain yield by manure

AU (NP) F AR (NPK) Bt s 25 2R A
1A 802. 15 kg hm ™2, {iti A HLAL AL 2 (M) By 85 2
BEAR ] 1081.80 kg hm =2, 14 HLAE 5 &8 (MNP)
5 ZBEET (MNPK) i A it F AL B B R A =
1 883.95 kg~ hm ™2 ([&] 4), A5 Jiti A Ak B4 1) 5 26 455
B AR T X B (CK) W 3 . A HLIE 5 Ak
(MNP) B2 A HLAE 55 0B 0 e 45t Ak 340 1 1l R B4
WK, B T A AL FE, 2 R R R Rk
RS, LA U AL FE (N Sy ) R 35 S
[ K, NP, NPK,M,MN, MNP 1 MNPK #b P it



5 13 R &5 I 7 T A X 35 40 - DXA 7 8 S 7 0 [l B 52 ) 61

R BCRAT AN 15.11% 15.35% .6.69% .9.38% .
9.95%19.70% . R W (NP) FIZE B (NPK) Fid 15 Jiti
FHALBRAF-385 2 I% Ty 15.23% o Jiti 1A HLAE
SRR T W [USCR it A ALAE AL R (M, MN
MNP H1 MNPK)F- 28 2% [l %4893 % .

7000 Ot A & Input

@45 i = Uptake o
6000

5000
4000 a
3000

2000

d

1000 %
0

K

C

RPN 2 L4 i/ (kg « hm™)

The amount of nitrogen inpunt and uptake

N NP NPK M MN MNPMNPK
it JE Ak

Fertilization treatment

2000

o
= O A & Input _
S 1800 m@#;ili & Uptake
L
£ £ 1600
-
e 1400
&5 8 1200
=2 1000 1 T
=%
E2 800
]
< B 600
=l a a
@g 400 b 1D |l |b
£ e d
S 200 E E
SR
CK N NP NPK M MN MNPMNPK

it AT A 2

Fertilization treatment

12000
o O A & Input
% 11000 o i & Uptake M
~ 10000
~z _
EE 9000
%‘)é 8000
Er 7000
=2 6000
= 3
£ 5000
=a
tH <" 4000
<O
=5 3000 b |2
&z ¢ &k g
E 20000y f @
2 1000t m K :3:

CK N NP NPK M MN MNPMNPK
it A Ak 2

Fertilization treatment
B4 mBSARANESELUE
Fig.4 The total input and uptake of nitrogen,

phosphorus and potassium from 1981 to 2010
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Note: Different letter are significantly different at P<0.05 level.
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Table 4 Variance analysis of the effect of fertilization on uptake of nitrogen, phosphorus and potassium
FAH F value
5 R 1 14 2 ‘
Variable source df FREC ik WA ih B
Nitrogen uptake Phosphorus uptake Potassium uptake

AHHUL Manure 1 428.157 " 115.01" " 178.03" "~
ALAE Chemical fertilizer 3 1492.49" * * 164.91" " * 181.53" "~
A HUAL x ALAL Manure x chemical fertilizer 3 17.38" 3.51° 4.74"
PR2E Frror 12
BARSE Total 23

TE Note: Foo5(112) =4.79, Fy(112) =9.33, Fy5(3 12) =3.49, Fy1(3 12) =5.95 F test critical value are Fy 5(1 12) =4.79, Fy (1 12)
=9.33, Fy5(312)=3.49 and F ¢ (312)=5.95. %, % %, % % % 43 BIFEFELE0.05.0.01 #10.001 KT Fi2E », %, » % * indicate signifi-

cant at P<0.05, P<0.01 and P<0.001 level, respectively.
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