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o TR AR RE R A R R AR, HORMZ X
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S AR AL T H N A O B Al B 25 B 5 i
R v, AR R K540 mm, AEXRIRSC.
HE A 4 8 2R O R R Y | 58 I 4R A
FEARBAMR A . AHLF10.8 ¢ kg™, A% 0.95
g kg™ &BF0.57 g kg BRARA69.5 mg kg A
6.8 mg kg™, HALH163 mg kgL KM
WML BE . RFEAE (CK) ; BABEZA 90 kg hm™
(N) ; AMEAEE M, N 90 kg hm+P,05 75
kg hm™ (NP) ; FEFF 5 ABECACM, #FF3 750
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IR 24F Bk —44F /NE g e 32 (Horfr,
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Table 1  Soil total nitrogen contents in wheat fields different in long-term fertilization patterns at different stages (g kg™ )

i 407 +2 A Fi Treatments
Stage Soil layer (cm ) CK N NP SNP M MNP
TR 0~20 0.79 aC 0.84 aC 0.98 aB 0.95 aB 1.19 aA 1.19 aA
Booting 20 ~ 40 0.81 aB 0.76 aB 0.81 bB 0.83 aB 1.04 bA 1.02 bA
40 ~ 60 0.58 hB 0.63 bAB 0.65 cAB 0.68 hA 0.61 cAB 0.61 cAB
60 ~ 80 0.61 bA 0.65 bA 0.64 cA 0.61 bA 0.59 cA 0.63 cA
80 ~ 100 0.60 bAB 0.62 bA 0.63 cA 0.59 bAB 0.55 cB 0.57 cAB
0~ 100 0.68 D 0.70 CD 0.74 BC 0.73 C 0.80 AB 0.81 A
R 0~20 0.84 aDE 0.83 aF 0.88 aD 1.00 aC 1.26 aA 1.16 aB
Summer fallow 20 ~ 40 0.72 he 0.73 bBC 0.75 bBC 0.84 bAB 0.94 hA 0.94 hA
40 ~ 60 0.58 cB 0.61 dAB 0.63 cA 0.61 dAB 0.65 cA 0.64 cA
60 ~ 80 0.64 cA 0.65 cA 0.67 cA 0.67 cA 0.66 cA 0.70 cA
80 ~ 100 0.59 cC 0.68 cAB 0.73 bA 0.66 cB 0.70 cAB 0.70 cAB
0~ 100 0.67 C 0.70 C 0.74 B 0.76 B 0.84 A 0.83 A

T F—3AR/NSFHRRLZNEREE (p<0.05) , F—FTARREFERRELAHEBZREE (p<0.05) . T
Note: Different lowercase letters indicate significant differences between soil layers ( p <0.05) . Different uppercase letters indicate

significant differences between fertilization treatments ( p <0.05) . The same as below

®2 KYPARRESETARNHERTIRERASE

Table 2 Soil available nitrogen contents in wheat fields different in long-term fertilization patterns at different stages ( mg kg™ )

inp:) Tz fb PR Treatments
Stage Soil layer (cm) CK N NP SNP M MNP
2 1) 0~ 20 52.49 aC 52.24 aC 56.62 aC 71.74 aB 82.49 aA 75.49 aB
Booting 20 ~ 40 49.99 aBC  48.49 aC 57.49 aB 5524 bBC  74.99 aA 73.99 aA
40 ~ 60 33.24 bA 34.49 bA 33.74 bA 38.99 cA 35.74 bA 39.99 bA
60 ~ 80 33.50 bA 33.49 bA 37.49 bA 31.25 cA 32.99 bA 37.49 bA
80 ~ 100 33.93 bA 36.93 bA 33.43 bA 33.12 cA 35.18 bA 34.87 bA
0~ 100 40.63 C 41.13 BC 43.76 BC 46.07 B 5228 A 5237 A
AR 0~20 53.68 aD 52.93 aD 58.12 aC 69.18 aB 86.42 aA 82.17 aA
Summer fallow 20 ~ 40 49.68 aBC 42.68 hC 46.18 bBC  52.43 hB 59.68 bA 60.68 hA
40 ~ 60 35.18 bA 30.43 ¢B 34.68 ¢B 32.93 ¢cAB 30.68 dAB  33.68 cAB
60 ~ 80 30.87 bA 29.62 cA 32.87 cA 30.87 cA 31.87 dA 33.87 cA
80 ~ 100 32.62 bA 31.87 cA 34.37 cA 30.87 cA 37.37 cA 31.37 cA
0~ 100 40.41 C 37.51D 41.25 BC 43.26 B 49.20 A 48.36 A

DTN EZMMA S m¥ARKIRE TR, 528  #&7F, NPAHENAR 2 5K, NS X5 ff A
5L, M. MNP bR 2 T i Ak, 2 DB 4 Bk

SNP., NPPIAEE NI, CK. NFAEET 2.3 H#ER. BARSENIES FISE
BFERBERS /. SR 1, MFAIMNPRSRIRER S T 2.3.1 ZZEMEESA . AR S & %3%&%
0~ 40 cm T ZHfHA S i, SNPAFWARKKEE W HEHMNE-N. NO;-NXNmin{ & . FH[FZ
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; HABLIEAE6O ~ 80 em T2, H 5 HABLZ
W Z XKW N BEEZER, BAORE, NHI-NF &
FEAS TR JZ UK 8] LA B A [ b 35 8] ) 22 AN R
NO;-N5NH;-N B A, A1 R 2R Z A
BRI R . HP0 ~ 20 em, BABEE N
M=~MNP>NP=N=SNP~=CK, A HLIELL R
T HAR4 b H; N NPALBEE SR 5 TSNP
FICKALEE, (H4NARFRE]2ZE A E . 20 ~ 40 em

T 2R LAMAL 3 5 5, (HMNPAL I & 251K T M Ak
B, %M >MNP>NP~N>SNP=~CK, %12
NP, NAbB AL T4 m K. NAEFEAE4D cmbld R =
AN ERI RN 2= T AR, I A 30X
SEFRO ~ 100 em - JZHAK ENO;-NF & & T H A
HAbE, HoAb b B E] 22 SN K A R AK . BhAh,
R0 T it Al S K S 8 R A1 40 ~ 100 em £ JZNO;-N
i, USRS ARG AT KRR (R0 ~ 40 cm £ )2
NO;-N& &, WER3IEA AN, mTlSEAEL
PLAT S R, HESABMEERAKR, Rl
FINmin Bl SHEESEILTEE—E.
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Table 3 Soil inorganic nitrogen contents in wheat field different in long-term fertilization patterns at the booting stage ( mg kg™ )

gL Tz Qb FETreatments
Stage Soil layer (em ) CK N NP SNP M MNP
BARR 0~20 1.07 abA 0.66 aA 0.64 bA 0.76 aA 1.01 bA 0.67 cA
NH;-N 20 ~ 40 1.07 abA 1.02 aA 1.12 bA 0.98 aA 1.06 bA 1.07 beA
40 ~ 60 1.20 abA 1.87 aA 1.10 bA 1.61 aA 1.37 abA 1.42 abA
60 ~ 80 1.51 aA 1.49 aA 1.83 aA 1.32 aA 1.77 aA 1.73 aA
80 ~ 100 0.67 bA 1.33 aA 0.85 bA 1.68 aA 1.16 bA 0.72 cA
0~100 1.10 A 127 A 111 A 127 A 1.27 A 112 A
MAR 0~20 1.95 aB 430 cB 4.89 bB 2.14 aB 12.95 aA 12.01 aA
NO;-N 20 ~ 40 2.53 aD 7.19 beABC 8.09 aAB 4.13 aCD 10.64 aA 6.46 bBC
40 ~ 60 2.29 aB 13.43 aA 4.46 heB 3.63 aB 2.07 bB 2.25 cB
60 ~ 80 2.96 aB 9.08 bA 1.75 cB 2.09 aB 2.69 bB 2.71 cB
80 ~ 100 2.34 aBC 7.74 bA 3.58 heB 3.09 aBC 1.96 bC 2.41 ¢BC
0 ~ 100 241D 8.35 A 4.55 BC 3.02C 6.06 B 5178
THLA 0~20 3.02 aB 4.96 ¢B 5.52 bB 2.90 aB 13.96 aA 12.67 aA
Inorganic 20 ~ 40 3.59 aC 8.21 heAB 9.21 aAB 5.11 aB 11.70 aA 7.53 bBC
nitrogen 40 ~ 60 3.48 aB 15.30 aA 5.56 bB 5.23 aB 3.44 hB 3.67 heB
60 ~ 80 4.47 aB 10.57 bA 3.57 bB 3.41 aB 4.46 hB 4.44 beB
80 ~ 100 3.00 aB 9.08 bA 4.44 bB 477 aB 3.12bB 3.13 cB
0~100 3.51¢C 9.62 A 5.66 BC 429 C 7.34B 6.29 B
2.3.2 HWMIESA . MERTE R4 ZIRWY (0~20 em) BNH;-NZ WP RBEAK, Fizsba

FHLTBEMLNA G E. S2ENVEAR, Z
M SR (NH;-N) Bk ERIHFRE (0~20
em) KHZE (40~80 em) i, WEZE (20~40
em) M FJZE (80 ~100 em) B4R S . HE N
FINH;-NF&EWA S, JFHCKAMERZ G EP D
I F HAb AL B DL Hofth + )2, R MNPAL B 7R % 2

ZPREIASE L

M. MNPLLESNP=A~Ab B 36 2 1 % 2
FINO;-N& R ZE M RE . £)JZ (0~20
em) MBEHEMNP>M>SNP=NP~N=CK,
WERZE (20~40 cm ) MERMLAM>MNP >
N~=~NP~SNP=CK., NAbH & IREZEKIKZEIELHE
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Table 4 Soil inorganic nitrogen contents in wheat fields different in long-term fertilization patterns at the summer fallow stage ( mg kg’1 )

gL +Z Qb B Treatments
Stage Soil Layer (cm ) CK N NP SNP M MNP
AR 0~ 20 0.34 cB 0.86 bAB 1.39 aA 1.56 beA 1.58 aA 0.90 cAB
NHi-N 20 ~ 40 2.43 aA 1.83 abAB  2.01 aAB 2.29 abAB 1.41 aB 1.72 bAB
40 ~ 60 1.91 abA 1.09 bA 1.27 aA 1.25 cA 1.40 aA 1.24 heA
60 ~ 80 1.47 beA 1.55 abA 1.02 aA 1.65 abcA 1.27 aA 1.55 beA
80 ~ 100 1.89 abA 2.33 aA 2.00 aA 2.48 aA 1.73 aA 2.52 aA
0~ 100 1.61 A 1.53 A 1.54 A 1.85 A 1.47 A 1.58 A
A 0~20 3.40 abC 6.56 beC 6.68 aC 10.81 aC 29.81 aB 47.92 aA
NO;-N 20 ~ 40 5.09 aC 8.07 abeC  7.95 aC 7.32bC 31.57 aA 24.02 bB
40 ~ 60 4.21 abC 10.55 aA 2.91 bC 2.99 cC 4.93 bBC 7.11cB
60 ~ 80 2.39 bBC 9.12 abA 2.84 bBC 2.12 ¢C 2.69 bBC 4.50 cB
80 ~ 100 2.50 bBC 5.98 cA 2.61 bBC 2.01 cC 3.67 bBC 4.29 ¢cAB
0~100 3.52D 8.06 C 4.60 D 5.05D 14.54 B 17.57 A
THLA 0~20 3.74 bC 7.42 bC 8.07 aC 12.37 aC 31.39 aB 48.82 aA
Inorganic 20 ~ 40 7.52aB 9.90 abB 9.96 aB 9.61 bB 32.97 aA 25.74 bA
nitrogen 40 ~ 60 6.13 aBC 11.64 aA 4.18 bC 4.24 cC 6.34 bBC 8.34 cB
60 ~ 80 3.86 hB 10.68 aA 3.85 bB 3.77 cB 3.96 bB 6.05 cB
80 ~ 100 4.38 hC 8.32 abA 4.61 bBC 4.49 cC 5.40 bBC 6.81 cAB
0~100 5.13D 9.59 C 6.13 D 6.89 D 16.01 B 19.15 A

i (Eemte ) 251, 228 (K1a) 2528
N, MERZHI T RZE K WERZ IENOS-N G
o, B LM, 0~ 40 cm 240 (N,
NP) MAHIELFE (MNP, M) AY£HS H I BAK T
CK I SNPAb B, NAh 3 7E 8 ) 11 b 2 4TI AEL
PRNALFRAN, 45 4b R B RS HE 27640 ~ 60 em P &
60 ~ 80 cm - JZHAHXT AL & o B L AE S T ) FE AR
HONCK~SNP>NP~M=~MNP >N, [qFE {38 i
AT ERITHNO3--N T it ATy, H AW e i 7

G TEOLE RN, AR B NH-N & A
25 Ab B R L BE T 2 TR B N R Y
B (ONACEEmE A AR ) , Z2FEHAE40 ~ 60 cmBl &
60 ~ 80 em T EEM LK (K1-1) , HRMA
Ab % B B KA 3 B AE 80 ~ 100 em + )2 (A
1h) o WA, [ERRENE, WAEIUEABEICE
TEZ R e N, 0 ~ 40 em¥ B AR
BRI, T LA PLUIEHR AR KIEF T0 ~40 cm )2
NH;-N[aINO;-NI#E b, FHENO-NERZH A,
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140 - a
I Soil laver (cm) .
1.20 F a
8 0-20
z 1.00 @ 20-40
S 050 m 40~60 .
z 8 60~80 a
T 060 @ 80~100
= - o 0~100
“Z 040 | [ )
o B
020 Fp |
0.00 B . . nE sl
N NP SNP M MNP
JHENE I BE Fertilization Practice
b
140
120 +
z 1.00 a
S 080
< ab
=
T, 060 b abab A
“ o040 |
.
020 t bf |
0.00 L : LBl . .
CK SNP

Jiti L] JiE Fertilization Practice

T HIB BT R /NG 5B 2R Al — SN AL BRTE R ) 2R M 22 5 3% (p<0.05) , RFIKRE 552 AR it AL AL FTEO ~ 100

emFIMI 27 B (p<0.05) Note: Different lowercase letters above the columns indicate significant differences between soil layers (p

<0.05) ,

different uppercase letters indicate significant differences between fertilization practices in the profile of 0~ 100cm

B R F AL HRE T 130 ~ 100 em T A9 B A RU/R S AL (a 228880, b 2RI

Fig. 1 NH;-N/NO;-N ratio in soil profiles of wheat fields different in long-term fertilization patterns ( a.Booting stage; b.Summer fallow stage )

31 BHERESRBEERS0~40 cmTiER

FKFEWIEAMRE

KLk, B XAV THLES A 15T 45 R 5%
F—2, KIWE A VLB LA PLIEHLAH S5 A s s
WA B R B E ey 0 Y B
HEREAE | W PR KRS (A RGE R, H B L &
P H A DU R R 5% B I8 2F 1 1) A ROB 5%
B ARG A5 R R4, MM MNPALBR G
R T HERZLVRZHL2E ., WA . TILA
T, ASARGRAENI, HRREERI D
FETF. PIRN AL BRAE A BEE B3R S Y

1E1.2 g kg ' Ze4i, BORRITFIART0.95 g kg '
ARSI, PR E 1726.2%, R LA
EN WAL T

A HLIE X TCALE 5 e oy B, A B
1935 2% B0 it FH AT HILAE A BE A 26 2 K% 3K 2 4 0
NO;-Ni Fm FHMEZ, HEWNH0~40 cmt
JZIINO-N& #EEA B KIE EF . B RIINO-N
bTb, R R T A HLIE B RS FE 4 A LA B
PIAP A B ML R . 2ol IR A LR ik
PR R R . B4R O FREA Y, I
AR R A S itm TR ZE L, W, M.
MNP Fp AL BEAE R £+ 2 HINOS-N 7 & IRk K g -
Th, BEHAPLUIEE 2 T XINO;-NIER R IR E
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TER, WRE T HFRK . 7638+ WG T ks
WA ARLSE SR . 7ESEAEMESE D B, MNP
AFENOS-NfY R e, SAFE —80, (Hixdlk
HEHARMALBRE TN NPAC R, SAMFGEM S, AT
AE LW FE A UK (120 kg hm™) & FAHFSE
(90 kg hm™) sk, ez P s,
it AP 25E2 m LR ESRZER P NO;-N R
B, TR TROKTE. Ak, BAANH,-NTEAR
Ir) 98 2 R 14 o A LA A IR TR) L (EL AR L H o o
{2 HENE A /N, 5 R4k U LB,
32 BEFEREMEEN TIEREZZHINE

N BF 2 A~ 2]

WA KA BETIA e, Bk FUE N 1
e Ty g N, AT MR S Ak A JOIE B A i
it i e - SR I A B AR . AR R, Xt
MM, B AUEALBEXT H 3R . g A &
MAAS K 5 SRV P A Tt %o Bt e 1 398 4> ORI B A R A
—E WA, B, AT S, MERHEC G it A A
Tk 2 W M BUCERD . AT () 7 SR
H i A s b B4 JE (B INISr 51240.826 .
0.885 g kg™ ) MR TFilni HIE LA &, 2 0IFFAK
T13.1%M6.4%, VLEHLL PP AL BN BE4E R K
1) 39 4 RO A

ARHFFEEE R R, Bt Z LA HL ) +HENOS-N
AHGEZE TS, XS HAb g P
BRI, SR 4 k4 U RFSE & INOS-NTE40 ~ 60
em 2 — A, ALK N FEFE40 ~ 60
em T EWEHHEMNO,-NE g, AR A
FIH R ANO;-N i B 7R 8 = /K- NPALR 3
BRO ~ 40 cm#l, HAth+)JZNO-NF & KiFFEAL.
X—RFW, it 2B S BN O ;- Nk 5 XU Jin
K, ARIE Y A BT it 2 T 53 1 XURS: 7 4 it
HoAh = 2 0 458 WAL, A 5
NO;-NAyF & L 17 E ™ LI, NO;-N
R R, FEAESEIE T I B NOS-N&
BRSO Ul A AUAT G P R I ek 2 T 3 ) T
NO;-NFUR S 20 A it A W b 7T DA 742 +
HENO;-N 2, WRNO; - Nk KU 116 27
33 BHITHOT%EB L EREBABEEZWEAS

AR BRI HFE

ABF 5T S 36AE KM AR, AR AT i ]
3R IR X G FE A A R R . ASBIESE
SNPALHE + MR R FRAE 5 HoA i L b B[R], Ho4

A WA S EERMETAVEY A, H5E
EE TNENPALEE (BRI 24N ) o K, B
WA S EN1.005 g kg™, B TR I 46T
f90.95 ¢ kg™ M, BOR KRS AT IS MS AR
AT, ol 2 BRI S s R AR A [
FEFFS B AT, £ R X AR AN
KV ERR; JFH, KA PLICHLEE T LI
v Ak B IR R R Al i R A R Y g
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Effects of Long-term Fertilization on Soil Nitrogen under Rainfed FArming in Loess Plateau
of East Gansu

WANG Ting" > LILili’ ZHOU Haiyan’ DING Ningping® CHE Zongxian'

(1 Institute of Soil, Fertilizer and Water-saving Agriculture, Gansu Academy of Agricultural Science, Lanzhou 730070, China)
(2 Agronomy College, Gansu Agricultural University, e, Lanzhou 730070, China)

(3 Pingliang Institute of Agricultural Science, Pingliang, Gansu 744000, China )

Abstract The Loess Plateau of East Gansu is a typical area where rainfed farming prevails. To
understand effects of long-term fertilization on soil nitrogen in soil profile is something very meaningful to
farmers in doing fertilization in this area and to researchers in enriching scientific knowledge of soil nitrogen
nutrition as well. From wheat fields of a long-term fertilization experiment that started in 1978 and had six
treatments, i.e., no fertilizer (CK ) , nitrogen only (N ) , nitrogen and phosphorous ( NP ) , nitrogen and
phosphorous combined with straw return ( SNP ) , manure only (M) , nitrogen and phosphorous combined
with manure ( MNP ) , soil samples were collected during the booting and summer fallow stages of wheat in
2014 for analysis of soil total nitrogen ( total-N) , soil available nitrogen (ava—N) , soil mineral nitrogen

(min-N) and composition of min—-N. Results showed that treatments M and MNP obviously improved soil
nitrogen nutrition and were significantly higher than the other treatments in total-N, ava—-N, min-N in
the 0 ~ 40 cm soil layers. No big difference in soil total-N was found between the two treatments. They both
increased soil total N by 26.2% on averagely in the 0 ~ 20 c¢m soil layer over the original value in the year of
1978 when the experiment started. Treatment SNP was higher in total-N and ava—N than CK but significantly
lower than treatments M and MNP. However, total-N in treatment SNP remained almost the same as or was
just slightly higher than the original value. Though treatment NP was quite low in total-N and ava-N, it was
still higher than treatments N and CK. Treatments N and NP were 13.1% and 6.4%, respectively, lower than
the original value in total-N of the 0 ~ 20 c¢m soil layer. The treatments did not vary much in absolute value of
NH;-N concentration in the soil profiles, but treatment N stood out in NO;=N concentration throughout the
0 ~ 100 e¢m soil profile, while the other treatments were higher in the topsoil and sub-topsoil layers than in the
40 ~ 100 e¢m or 60 ~ 100 c¢m soil layer. All the fertilization treatments, particularly treatments M and MNP,
lowered NH;-N/NO;-N ratio in the topsoil layer. Treatment SNP tended to increase the proportion of NH;—N
in soil total N and hence NH,;~N/NO;-N ratio in the middle and lower soil layers. The phenomenon was getting
more significant with soil depth in the profile during the summer fallow season. To sum up, under rainfed
farming in the Loess Plateau of East Gansu, the practices of applying NP in combination with organic manures
are superior to the others in building up soil fertility. The application of N or NP only fails to maintain balance
of total-N in the soil. The application of chemical nitrogen alone aggravates downward leaching of NO;-N,
while the practices of manure, NP and NP plus manure application are proved to be able to reduce NO;-N

leaching. However, NH;-N is not much affected by fertilization practices. Fertilization changes composition of
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min-N, but the effects of manure application and straw incorporation differ quite sharply. It is, therefore,

suggested that more efforts should be dedicated to the study on fate and transformation of soil nitrogen under

rainfed farming in future.

Key words Long-term experiment; Different fertilization practices; Soil nitrogen characteristic;

Loess Plateau of East Gansu

(RIEHRIE: 1HhA)

http: //pedologica. issas. ac. cn



