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*1 KOATERELETAEMPEATIREASE

Table 1  Soil total nitrogen contents in wheat fields different in long-term fertilization patterns at different stages (g kg™ )

g 3 + 2 A H Treatments
Stage Soil layer (em ) CK N NP SNP M MNP
ZoFdiih) 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 bB 0.63 bAB 0.65 cAB 0.68 bA 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
LR 0~20 0.84 aDE 0.83 akl 0.88 aD 1.00 aC 1.26 aA 1.16 aB
Summer fallow 20 ~ 40 0.72 bC 0.73 bBC 0.75 bBC 0.84 bAB 0.94 bA 0.94 bA
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

e F RN F RN LR ZREE (p<0.05) , 47 AFREGFRERR&AAIM2E R L% (p<0.05) . FFH
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 KEOATEERESETAEMNAEATIEERASE

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

A 3] +)Z AbFETreatments
Stage Soil layer (em ) CK N NP SNP M MNP
TR 0~20 52.49aC 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 hA 33.74 bA 38.99 cA 35.74 bA 39.99 hA
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 52.28 A 5237 A
R 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 bB 59.68 bA 60.68 bA
40 ~ 60 35.18 bA 30.43 cB 34.68 cB 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

DN 2 A S /AR KIEE TR, 528 #8270, NPAMBNAHZESAK, N HE A
JEL, M. MNP b B R A J2 B T R 5K, U R T

SNP, NPPARFETFREIRE S, CK. NWIAAFET 23 #ERE. MSR[AS=ENIFE ST

BRI SRS/, B B, MAIMNPARER IR RS T 231 ZHESESA . MEASE  £3EAHY
0~40 em > 2R &, SNPAABW AR KIEE  HIESENH;-N, NO;-NATHLA S &, MIFEJZK
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FICKALEE, {HANAEFRE] 22 AR 3E . 20 ~ 40 em

T 2RI DAMAR 3 B 5, (HMNPALFE i 251K T M Ak
B, %M >MNP>NP=N>SNP=~CK, %12
NP, NAbBE AL TA K. NAMHEAEAD em LT =
MR RN 030 T HAL I, JFRARBOX
SEFRO ~ 100 em 1 ZHAK ENOS-NF i T HAth iy
AALEE, A A3 ) 25 F AN K B k. LAk,
R0 e il A K s 2 R K40 ~ 100 em £/ ZNO;-N
i, RS RS AT ECME AT R IR BEARO ~ 40 em 12
NO;-N¥ &, WE3IE A, hTHAEEEL
BLAE TS R, HESABMAZERAKR, Kl
AL A S S RILT B e —5
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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™")

[iNg| +)2 Qb P Treatments
Stage Soil layer (cm ) CK N NP SNP M MNP
BASA 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 1.27 A 111 A 127 A 1.27 A 112 A
AR 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 ¢B 2.09 aB 2.69 bB 2.71 cB
80 ~ 100 2.34 aBC 7.74 bA 3.58 beB 3.09 aBC 1.96 bC 2.41 ¢BC
0~100 241D 8.35 A 4.55 BC 3.02C 6.06 B 5.17B
TR 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 bB 3.67 heB
60 ~ 80 4.47 aB 10.57 bA 3.57 bB 3.41 aB 4.46 bB 4.44 beB
80 ~ 100 3.00 aB 9.08 bA 4.44 bB 477 aB 3.12bB 3.13 B
0~100 3.51C 9.62 A 5.66 BC 429 C 7.34B 6.29 B

2.3.2 HNMIESA . MER TR R4IEZIRW
ZMEEH LA G E. SEEHHE AR, 2

(0~20cm) MNH;-N&EWBIH B, S48

ZREHR

WIS A (NH-N) Bk BRI RZE (0~20
em) KHZE (40 ~80 em) ik, WEZE (20~40
em) MTE (80~100 em ) EHYERS . (HE R
FINH;-NF WA S, JFHCKAHRZ G EH D
IR HAth b B 2L R Hopth 4 2, R MNPAL B 7E 2 )2

M. MNPLLSKSNP =A~4b 3 3 2 K 3R )=
FINO;-N& B RmE FF. &2 (0~20
em ) MBEHFZEMNP>M>SNP=NP~N=CK,
WHEZE (20~40 cm ) WFEHAHM>MNP >
N~=~NP=~SNP=CK. NAbH 5B IREZE KK IZIERHE
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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 kgfl )

P +2 AbH Treatments
Stage Soil Layer (¢m ) 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
NH;-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 beA
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 A 0~20 3.40 abC 6.56 hcC 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 7.32 bC 31.57 aA 24.02 hB
40 ~ 60 4.21 abC 10.55 aA 2.91 bC 2.99 cC 4.93 bBC 7.11 cB
60 ~ 80 2.39 bBC 9.12 abA 2.84 bBC 2.12 cC 2.69 bBC 4.50 ¢B
80 ~ 100 2.50 bBC 5.98 cA 2.61 bBC 2.01 cC 3.67 bBC 4.29 ¢AB
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 7.52 aB 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 hC 4.24 cC 6.34 bBC 8.34 cB
60 ~ 80 3.86 bB 10.68 aA 3.85bB 3.77 cB 3.96 bB 6.05 cB
80 ~ 100 438 bC 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
H CEeigLl ) 2580, 228 (Blla) 588 EIEOE RS, AERENH-NS LB

N, TEIE R ZHn T RZ LT R)Z HHENOT-N K
o FRARSEAY LM, 0~40 cm )20 (N,
NP) KAHUEALHE (MNP, M) B9%hS BT AR T
CK A SNPAR P, NAbHAE B AN E T iR 244 TRE .
BRNAL RSN, A5 Ab 38 B L 2 7240 ~ 60 em L K&
60 ~ 80 em 12X H R o Bl LU AR ) T A9 L A E
H#ONCK~SNP>NP~M=~MNP >N, [5+#E 38 5
R AEHERENO;-NF EA X 5, HL AU e it s FF

%Lﬂ@mw%iFmFLMMﬁ%tﬁﬁ
W (N A AR ) WI7E40 ~ 60 emE{
w~momiE%mwﬁ%(lm . HINWI&
A 3B LY e KAE X B AE80 ~ 100 em+ )2 (&
1b) o Ak, EFSERIE, PAA LA TCIS
TEZATEWIA RAEE R, 0~40 ey E I ARIEAY
HREEL, W IRAVIERARKEFAT0~40 ecm+ )2
NH;-NFNO;-NAJ ki, FENO;-NTERZFH R,
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B RIS )t HE 1 BE R 3980 ~ 100 e P T 19 B S B/ AS E L (E (o 22881, b IR

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 )
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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, 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 em 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
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