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FEE . 3t 1984 FESTAKBIRABE, 48 T 2005 F/EFR FFS R K LIRS T, ERERY, RIEHLR ™
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Effects of long-term fertilization on nutrient variety of soil
and plant systems in dry-land of Loess Plateau
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Abstract: Based on 20 years of long-term experiment of applying fertilizer on continuous wheat in dry-land of Loess
Plateau . Wheat yield, nutrient uptake and soil nutrient were analyzed in year 2005. The results showed that yield was in-
creased by 25.6% and 48.1% with single application of P and N fertilizer, respectively. The N and P uptake was in-
creased too, but the harvest index was decreased. The combination of N and P could increase yield by 101.3% -
302.8% and nutrient uptake significantly. Soil nutrient content in surface soil (0 — 20 cm) and the distribution of nutri-
ent in soil layer varied. The combination of N and P was an effective ways to soil fertility management. Total P and avail-
able P in soil increased by 8.3% - 45.2% and 54.8% —917.8% , respectively. The relation between total P accumu-
lation and the amount of P fertilizer applied was y = 0.002x — 0.112, and the relation between available P and the
amount of P fertilizer applied was y = 9.6537 In(x) —35.371. The difference was not that significant in subsoil layer.
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B EFIEANRSE; WERESRE, ki
RERLH THREESRENEZEYG I, Hitth
B RLA) 3 L AE X 1 38 BB g R B R B A0 B i 32
T EREOPIRER . SRR RS
B, A TR AR

AR B 5 20 KBTS, 447 it FH 1k BE X
NEFR FRTRE K L ER SRR, BN R -
VRGHFTEA T4, FREFMERE L HE
T BRAERR, VBN E + X 2 ab A 2 AR L 5% B8 ik
T RAER 2K IR
1 AR

1984 FEWKBIENEMRBNTFELE
FHEMMNBES KR A+ BN R, Rk
R 1200 m, ¥ FE W 578.5 mm, > 10C B
3020°C,EWSIE 9.1C, BEH 1714, B B IR # 2
BEAMBMERNSE, RRENHARLK, +5
HEEHRBY L BRI L EER MR
AHLE 10.5 g/kg, & A 0.57 g/kg, Wi & 37.0
mg/kg, 2B 0.659 g/kg, B BB 2.3 mg/kg, B H
129.3 mg/kg,pH 8.3, AHH +EFH /&8 HHE
EERTBRWEXE -EREE. ARBEKY
FEA MR AR E T 2004 ik BH PN E EE M
AERY 10 NM4EF: 1) CK.2)N,P,.3)N,P,.4)N,P,.5)
N,P;.6)N,P,.7) NyP,.8) N,P,.9)N;P,. 10) N, P, 47
ot HPREAHEN N 45.90.135,180 kg/hm?,
BEAE N P 26.4 .52.8.79.2.105.6 kg/hm?, 43 B N, .
N2Ns N, #1 P P, P, P, "R, MEMBFAKR
134,F 9 A 12 H#%#,2005 4 6 A 21 B W3, /b
F W IRAT R £ 0—200 cm ) L 5EFE 5L, 45 20 em Fy—
B, tBEEMZAARNT, 7@ 1 mm F0.25
mm i , Bt T . BB PR A E AR IR 0 41
s, 2ARANKERE, 2BRARE—4
S, WMARARARGY B, E8BRA
0.5 mol/LBk BR & 4 12 48 —4H 86 ¥ b & vk W 1107,
YRS 4 H,80,—H,0, HEE N RAFKREA
P PRAMAZIHAER; KRAABEERNE,
MEERHURTEER,

2 ZERE54H

2.1 =B

2005 FRWEER (R DANRYA, BENETF
BB RRY 25.6%~302.8%, KA EERE
Fo. M P 52.8 kg/hm® ¥ =B E 25.6%, i N 90

kg/hm 3 7= 48.1% ,NP FCjti 3 7= 8.3 , Hi§ 101.3%
—~302.8%

F1EBFEN,F—lE#KENEBHEREH
BEMmEmM(P<0.01), 5 CK 4L HMEL, N 45
ke/hm?/NEHE = 15.7% ,N 90 kg/hm? B 7= 169.5%,
N 135 kg/hm® P= B I 202.7% ,N 180 kg/hm® 3 ;=
220.8% . R NE W 3G 7= 80 BL 2 OB R R, A A
Mitscherlish 777 (ZI$U 5 #2) , i N BER/DNE =B K
KEANy = 2676.1Ln(x) -9599 (R*= 0.9319), &
—HEAEKT, SAEEREE (P<0.05),i PpEM
NEFRBIFXENy = 1616.4Ln(x) — 5407.9(R?
= 0.9821),

®1 HEXNMEFEHEIT
Table 1 Effect of applying different fertilizers on wheat yield

PUiE: 7= & (kg/hm?) ¥z 7= & (kg/hm?)
Treatment Yield Treatment Yield
CK 1420.8 eD CK 1420.8 ¢E
NP, 5723.3 aA N,P, 4994.8 aA
N;P, 5399.3 bA N, P 4806.8 aAB
N,P, 4806.8 cB N,P, 3872.7 bBC
N, P, 2064.3 dC N, P, 2860.3 ¢CD
NoP, 1783.9 dC N,P, 2104.3 dD

H(Note) : BFITHFFEARFEERR P<0.05 KFERS
# Values in each column followed by different letters are significantly differ-
ent at P <0.05. '

2.2 HERRX/ANEFR S BRI R
2.2.1 NEHREAER MIEEZERBT FREA.

BRI M, B CK BRI E T 38.7%~346.5% (FE

2)o F—HEAEUKY, b B R B AR T P KBk, 1
PE > 52.8 kg/hm’ ,/NERART M, F—Hiskk
S, W 2R B R A R G I 4, 5 R i 8 AR A
Et , ECjfE N 45 kg/hm?® 3841 11.4% , 5 N 90 kg/hm® 3
T 194.8% , JE N 135 kg/hm® 34111 228.7% , J# N 180
kg/hn? 4 fIll 258.6%

5 CK # b, B /A /N 3 7 7 % &/ 2 5 i

218.0% A BEHEIE N 63.1% ., AR EERE
NP, Hm 4.6% , AR B, T 2 F R 4 2
N, P« NPy NoPyu NbPys NoP,u NGB, RS AR 8 0 T
106.1% ~ 296.0% .
2.2.2 NEWEBE EUBHRAHREMK, BB
BEMEE AP, FRFE 5.4 kg/hm® ~ 20.8
kg/hm® FEFF7E 1.5 kg/hm® —4.6 kg/hm® J [, Fbi
BB E M A R WAL, RS RERES
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Table 2 Effect of long-term fertilizer application on wheat N and P uptake
i 7] — i 2K ¥ (N 90 kg/hmn) 7] — H 8%k - (P 52.8 ke/hm?)
B o .
Same N fertilizer level Same P fertilizer level
Items CK
N, P N,P, N,P, N,P; N,P, NoP, N;P, N,P, N;P, N,P,
FRF U (kg/hm?) N 31.8  50.5 115.7 116.8 64.9 87.9 39.6 4.1 116.8 130.2 142.0
Seed uptake P 5.4 7.2 15.5 15.5 10.2 13.6 7.6 8.0 15.5 20.8 18.4
FEFF R (kg/hm*) N 13.1  41.7 38.3 37.0 27.0 33.0 21.4 13.7 37.0 48.7 51.9
Straw uptake P 1.5 3.0 2.3 3.0 2.2 3.2 4.1 1.7 3.0 4.6 4.8
W R+ 81 N 0.709 0.548 0.751 0.759 0.706  0.727  0.650 0.763 0.759  0.728 0.732
Harvest index P 0.788 0.707 0.871 0.825 0.809 0.651 0.828 0.837 0.819 0.792

0.837

40.7% ,HE AR E T 88.6%~285.9%, [ —if
RKI, HEE B B B3 0 EL 8 g B>, 5 B
RACAEEG 300 41.4%—115.1%

) — HE B K, BE AR A B3N, /N E A AT IR
BEMMIEERK: 5 NP, t, NP, . N,P, . N;P,,
NP3 5.7% \103.7% \174.2% 141.7% , [al—Ji
RKFE, BB, BT RBEE R N,P,WN,P;
AT /> T 23.6% F1 28.0% , N,P, 2L A XK,
NP, HMT 6.6%. HHERAE—EMELT,
B0 E A 2 X B M IR BB/, T B
—ER,EMAERARBEHFIED T BHERTHR
q&[ll]o
2.2.3 A BEFSVORIBH FoOBKBEEET
B IRy BREM LR ERBME, B
R B b ) WOIR T8 838 /0 F X R (0.709) , BE T A
BERYALPRCIR AR B I B . B — M AUKF, Bl

BB BRI B B E I (B E R BRI N ( > 52.8
kg/h?) B KM MIBEF TREE X 5-EB4R
—3, F—MAFMT &40 3R B 0Bk 18 B
ERBE N ME EF S, X UL E PSR K
FRBT, EYMEMBEESESHN/NETFRF
Wiz, EEAKET, A B ARERERD T
TARS2AE R, HRETMEEE I MAR
BAARE , NEARIEBFAER, BEREWFH HFE
o B 5 & A o
2.3 HEEXNITEFSBTNE

MLt HEF S EBRAEABE N, EPEHE
B, F—mia sk w e, B il SR /e B,
J2(0—20.20—40 cm) T HEFEBRE , HEER
WENETREESE(E3), BAESH 0—200 cm £
BRI SR, TR BEEXN ARTRE L EF
43R

F3 KYPMHIEX 0—40 cm T B LIRS B R 0E
Table 3 Effect of long term fertilization on soil fertility in 0—40 cm

RE i H AbFE Treatment
Depth Ttem CK P, NP, NP, NP, NP, NPy NP NPy NP
0—20cm A LB OM(g/kg) 14.06 14.14 15.16 15.40 15.44 13.78 12.59 14.69 16.43 16.61
£ Total N(g/kg) 0.776 0.790 0.876 0.942 0.909 0.880 0.810 0.892 0.960 0.930
4B Total P(g/kg) 0.703 0.933 0.854 0.813 0.806 0.867 0.761 0.753 0.898 1.021
HERBE Avail. P(mg/kg)  2.30 23.41 13.15 10.70  6.95 8.51 2.18 3.56 14.71 16.74
BMRA Aveil. N(mg/kg) 43.61 39.02 58.53 64.26 56.56 53.77 63.59 50.17 60.33 56.72
20—40cm A YLK OM(g/kg) 11.34  12.25 11.71 11.32 11.30  5.67 11.41 11.72 13.40 11.47
4%, Total N(g/kg) 0.72 0.665 0.752 0.738 0.692 0.344 0.745 0.743 0.752 0.718
4B Total P(g/kg) 0.60 0.585 0.719 0.635 0.595 0.584 0.542 0.635 0.712 0.677
EEBE Avail. P(mg/kg) 2.07 8.43 6.3% 3.8 220 3.03 0.66 0.74 4.46  3.03
WA Avail N(mg/kg) 36.23 32.62 45.90 58.20 48.36 38.20 54.43 36.39 40.00 43.4

2.3.1 TEANESE KHAKAACRY LR
BEVRERA —, B A BT, AR

AR, NEMOS%nER. RBEHEEMT 4.5%
~18.1% , HEE R BB T i, HER X $ 2
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FEASEREI B MBERE, NP NP NP,

Organic matter HHL (g/ke)
5 7 9 11 13 15 17
0 T T T T T |
20 X
~ aof
B
S 6o X
% 80| ;
¥ 00 |
P 120
'g I ’/ —o— CK
€ 140 —o— NP,
2 160 | —&— N,P,
180 ¢ T NP
200} x TN
20t TN

B1 FE-—H#KkFLRENREL

Fig.1 Changes of soil organic matter at same P level
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Fig.3 Change of soil total N at same P level

NoPs NP, 43 BB X BR80T 4.1% . 14.9% .
21.4% .23.7%.19.8% ., 20 cm LI T B & Wi o B 0
HintELASEEICHNER D HBE; KB
KFEAE T B, BAKEEE MR, TR
W E RS R RN AR ELEREWN
2.3.3 TEBMA FRESASETMLMAL,EEE
xf T G ER A A S B AR O B B, {EL B A B A

MAELENIBERR (B S.E6), SXEML,
BB AL B9 L AR A T 10.5% , T 24 it SR AR
HRABRHEATAE M T 15.1%—~47.4% . F—i
UK T B IER S T A NA N, 82 15
R A SR,
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Fig.2 Changes of soil organic matter at same N level
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Fig.4 Change of soil total N at same N level
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Available N 3% (mg/kg)
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Fig.5 Change of soil available N at same P level
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2.3.4 TEABEE HEREMT 020 cm R
TS E(E 7.8 8), PHEHEA (90 kg/hm*) 7K
T SR EE NS R e 2R EW M, N,P NP, |
NP, NP3 NPy 3 AN T 8.3%.7.1%+15.6% «
22.7%45.2% . +IELBHERBRMEHERXERN
y=0.002x - 0.112(R®= 0.9753), H* % Jiti B 7k %
T(52.8 kg/h®) , AHEREN B ERENE S,
BT 32.7% , BBEEC i FE & e A B, ek
RIEFE M, 2B mER L. F—EsKFr&
AH, 28 B 60 cm A IEBHAK, 7E 120 em 4L J
A BN, 78 120—180cm L E XA E . M
REXT#EE LT 285 BREMA K,

2.3.5 TEEEFBET R MR LS8
o % (B 9. 10), 5 ZUIE 3 A8 B A Ko
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Fig.7 Change of soil total P at same P level
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Fig.6 Change of soil available N at same N level
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Fig.8 Change of soil total P at same N level
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Available P 3% (mg/ke)
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Fig.9 Change of soil available P at same P level
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Fig.10 Change of soil available P at same N level
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DEBMEERERm/NE ™R, g™
25.6% AT 48.1% , AR B =R E R
201231 448 101.3% — 302.8% . EAEMEIE B R
N,P,(N 90 kg/hm* P 56.4 kg/hm®), [H]—Ha K ¥,
FERIEHABRE/INEBEMT 15.7%~220.8%,
ERERMNEFZENRXRRAN y = 2676.1 In(x) -
9599, [/ — M R , Wl e s 2 3 fm = B 3 L LA
WEBEIEIE ™2 T 35.9%—137.4% ., FaBsEM/NES=
BHXEARNy = 1616.4Ln(x) - 5407.9,

2) MARE BB T/AAENA B RIKE. D
FEFREBRIAE 5.4 ~20.8 kg/hn”, FEFFE 1.5 —
4.6 kg/hm*, A E—ERWIENT, 8 gk A
BB R MW TR BN M7EMEBE & — & i, 1
IEAE R A REIE B 3T B R Rk, £EhBER

A it SN A At B ) RO AR U T R
R AT, B AR Bt A B 5 iR — %€ BE 3 hn
INERTRBE R AER/NENBRENRIEK. &
EHHRAG T, SLAEA BRBREREE G AR
MEME EAEE BN MEARSREHRE M
INETF R I IE

3) MR BRETHELERTHEE, BF
WY R BRI E K. KMERAERSS
HHMBETEENTE TR, BRASEREA. R
075 4k B SR B K, 5 %k BEAE EL, BRI AR AR R AL A
BT 10.5% , T B i 20 AT B 2 B B e Ak 38 444 i
T 15.1%~47.4%, $HRELEHZRREEM, &
BRI T 8.3%—45.2% , P EMEKGT , #HEL
BEBERBFMBEHRENXRERN y = 0.002x -
0.112; AU B EENBIEAHEMNXRZ N y =
9.6537 In(x) - 35.371, BERARMEm T W, Br LA
MEAEXT 40 cm A T B8 E AL E MBI,
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