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Mechanisms in the accumulation and movement of mineral N in soil

profiles of farming land in a semi-arid region
WU Jin-Shui'?, GUO Sheng—Li" y DANG Ting—Huil (1. National Laboratory of Soil Erosion and

Dryviand Farming, Institute of Soil and Water Conservation, Chinese Academy of Sciences and the Ministry of Water
Resources, Yangling « Shaanxi 712100,China; 2. Northwest Science & Technology University of Agriculture & Forestry,
Yangling, Shaanxi 712100,China). Acta Ecologica Sinica,2003,23(10) 2040~ 2049.

Abstract; Large accumulation of mineral nitrogen (N) in agricultural eco-systems is concerned to have
potential risks to environment. This study was aimed toward better understanding on the mechanisms in
the accumulation and movement of mineral N in cropping soils in semi-arid regions, based on a long-term
field experiment established in 1984 to monitor semi-arid agro-systems in the Loess Plateau. The annual
means of rainfalls at the experimental site were 580 mm (about 70% received between July and Oct. } and
9. 3C, respectively. Between May, 2000 and April, 2001, the contents of water, NO;-N, NH-N in soil
profiles (0~ 300 cm) were monthly determined in 10 selected treatments (in triplicates), including

permanent fallow (F), continuous winter wheat (W) without fertilizer and with N (at annually 120 kgN/
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hm? as urea), NP (at annually 26 kgP/hm? as super-phosphate), farmyard manure (FYM, at annually 75
t/hm?), N+FYM. NP+FYM, and continuous legumes (I.) without fertilizer and with NP+FYM. All
fertilizers were applied at the time of sowing. For each plots, 3 soil scores were taken from 0~300 cm soil
profiles, cut into 20cm sections, then mixed to give a combined sample {or each 20 cm of soil layers. Water
content was measured by drying soil sample at 105 C to a constant weight. For measuring NO;-N and
NH,-N, two portions from a soil sample were extracted in 1mol KCl, and the extractants were analyzed by
a dual-channel nitrogen analyzer system (FIAstar 5000, FOSS).

Data obtained showed that for the fallow treatment, water content fluctuated significantly with
seasons in the top layer (0~20 cm) of the soil profile but little (17% ~20% ) in layers between 20 and 300
cm. For cropping treatments, water content in soil profiles decreased largely during the season when crop
grew vigorously (from April to June), then recovered after crops were harvested and rainfalls increased
(as determined from Aug. to Feb. ). However, the scales of the changes decreased as the depth increased.
In general, water content in the same soil layers was 2% ~ 6% smalier under cropping systems than under
fallow, with the smallest values generally found under continuous legume (L, L-NP-FYM), For all the
treatments investigated, NH,-N content in soil profiles was fairly small and constant (4~7 mgN/kg soil).

Under the fallow treatment, NO,-N content in the soil profile vemained relatively constant (6~ 10
mgN /kg soil), with the exception of some fluctuations in the top layer (varying from 10 mgN/kg soil in
April and June to 22 mgN/kg soil in Aug. and Feb. ). However, NO;-N content and seasonal changes in
soil profiles varied widely with different cropping and fertilizer practices. In general, seasonal changes in
NO;-N content in the soil profiles under cropping treatments occurred in similar patterns as 0 water
content (decreased significantly from April to June, recovered by Aug.). Under cropping treatments
without fertilizer (W and L), NO;-N content in the top layer (2~12 mgN/kg soil, dependent on the time
determined) was remarkably smaller than that under the fallow treatment, and decreased further to a
minimal level (< 2 mgN/kg soil) in soil layers below 100 em. For continuous wheat with FYM or P+
FYM fertilizers (but no chemical N}, NO;-N content varied largely with the time determined (large
increases in Aug. ) in 0~40 cm layers, then decreased to a minimal level (also <C 2 mgN/kg soil) by 60~
100 cm deep in the soil profiles. A large amount of NO3;-N (1065 kgN/hm?, accounted to 55% of total N
applied during 14 years since the experiment was established) has accumulated in the soil profile under
continuous wheat with N fertilizer alone. In difference from all of the other treatments where the highest
NO,-N content was present in the upper layers (20~ 140 cm, dependent on the types of crops and
fertilizers used), the soil profile under continuous wheat with N fertilizer (W-N) had two NO;-N peaks,
the first present in the layers between 40 and 60 cm and the second between 140 and 220 ¢m.. Both peaks
increased significantly between June and Aug. (after the harvest of wheat), and shifted into 20~40 cm
deeper layers in Feb. and April. It was also marked that the second peak was much wider and greater than
the first one. When N fertilizer was applied with P fertilizer (W-N+NP) or farmyard manure (W-N+
FYM, W-NP+4+FYM), the second peak as formed under W-N completely disappeared, and for a instead.
NO;- N content in the lower layers (below 160 cm) was minimal (< 2 mgN/kg soil). With continuous
legume, NO;-N content in the soil layers decreased sharply in the layers below 40 em.

In conclusion, results presented suggest that cropping and fertilizer practices are the prime factor
determining seasonal changes and differences in the contents of water and NO;-N but have little effect an
NH,-N content in soil profiles under agro-systems in semi-arid regions. Continuous wheat with N fertilizer
alone can result in a large accumulation of NQO;-N in the soil profile, particularly in the lower layers. In

this case, NO;-N accumulated moves into deeper layers during the wet season. The application of P
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fertilizer and farmyard manure companied with N not only decreases in a large extent the accumulation of
NO,-N but also effectively protects it from movement into deeper soil layers. Compared to continuous
wheat systems, continuous legume consumes more soil water but can largely decrease NOJ;-N content in
the soil profiles.

Key words :mineral N;accumulation; movement; semi-arid region
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mm K, RERANEDHKP ABEAREAESEMESRELREZHNERRA, HHREA S A
PHEBEEL TASSGEMLEES TBERBEFAAONETESHEQNER! . MacGregor 7£
% B Minnesota AR ZW S BEHER (K TFEDREE10a FTAHBERAMKED 6 m FEHW1LE 15
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KE¥X N PEAMERESHIEME CERN £33 TRAEKEKRE R 107740, 4654 35°127) . R 5k
HMRLRRR. BREE 1200 m £ FHSE #1 AKREKEECRRERN 10 P ANLE
0.3C, X TREAEHHEENIH,1957~2000 4£[B]F  Table 1 Treatments selected from the long-term field
BAERE KR 584 mm, KPP 7~9 AGREAELSF LR  experiment

SHURET P T EERES Tl 5 10 B Fertilizers
g/kg, & % B 0.80 g/kg. pH 8.4, CaCO; B B  Treatments  Crops N® 2 P Fm?
10.5% K R & B (<0002 mm ) 2436 . B ) # K B — e (kg/;m) (kg’fﬂhm)(t/l;m)
22. 4% . AERKE 9. 010 RE LM 0~40,40~80.80 IEEES 0 0 0
~140,160~200,200~300 ecm + EFEBRMBEAKKXN w-N INEEE 120 0 0
1.3,1.4,1.35,1.32.1. 30 g/em’®, EMHAREHT W-NP hEEE 120 26 0
1984 4F 9 A R T 10 MEBRE N RS 7 M WFYM  AEEE 0 0 75
MENEE CFReBIHA 36 T am kg (TN SRR n
MEAHFF . DEEBR 103365 m* /MXEFE 0-5 o npypym fasfe 120 26 75
m,XAFBEMBARES 1 m, AHTHEBREFME L H WO 0 0 0
W& NEEEME B (Medicago sativa L. YEHEIL L-NP+FYM HF 120 26 75

10 MR D, R/ EGFEFTIHAMBE  LF.3E  OFallow,®Wheat, ®Legume, @ 1984~ 1986 £ N 4
R.EHEARSHER S AH, BT 1985 FEH AR Y 60 kg/hmi N rate at 60 kg/hm? from 1984 1o
B —EBESERH 2%k, ARIESBAREN= 1986, B Farmyard manure
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Fig.2 Water content in the soil profiles under the treatments selected from the experiment studied

See table 1 for the abbreviation of the treatments;():6 H Jun. .@:8 A Aug. . A:2 A Feb. ,A:4 H Apr
2.2 TMHEHERNIHESEVEL
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Fig. 3 NO:-N content in the soil profiles under the treatments selected from the experiment studied

See table 1 for the abbreviation of the treatments; ()6 § Jun. ,@:8 H Auvug. .&:2 B Feb. /A4 A Apr
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cm tEMBESEASEES ANEEERTHANE. M 220~300cm tEHEBAE 6 HBXHKAERE
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Fig. 4 NH;-N content in the s0il profiles under the treatments selected from the experiment studied
See table ] for the abbreviation of the treatments;():6 H Jun. ,@):8 H Aug. .4 :2 A Feb. ,A:4 A Apr
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KMARBEETEERRK@EIRD,. EAX—-EEd THEYNERHEXRKAANER. LK
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CREEMERFMNE. BIZRAEFAREE . ZVELHARHHSTERZEB0~120cm), F— TR
MRS EZIEYREUT QRO UTF) . X—HEXAZAH T I AHEARALEETEL
AR TEREENES, XEERAEAX -FENREHNZETRESHBEREL-INDHIRRR, AN
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REBHEMAERNEABERS (R ), TAFEAEREER(0~160 cm B 3). X5 Benbi 9%
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Punjal BRIMEREM. REAXEHEFHE T HER2 KRE 10 M RBLBIOLIEATHHSERRE -
HE O~200cm FTEREREHNEASRSE(E 2), Table2 NOy-N accumulation amount in the soil profiles

BHEHBASEDREUAREBENEXE D eHEK L
ERHESESEREYHRERMEMNTRBESH
FREFEERRH. ETAH LR 200~300 cr) B &
ZIB M TFEEPRAMKBKRRLLEAKFEE
2), 8 LLA R R B (0~ 200 cm) Bl A& B 1938 24
RAEAMRFENE BELER TEOERKIEKRS
R TR.

BEAERRERSDPTRRUTLIENHBEES
B 5KEWE)., TR EHEBREHNNRERERET
IR E R . Hartemink % 2 B,
KEAHESKEANEYREEENRBSHAER
B R,

B BF R Y 2 8B 40 2E £ H R 1 (0~ 300 cn) RS
HERBRBRBEA~7 mg/keg ). B LERB 5 HH

A7 Yt NHE B 89 R B & B e

HEARERER
NO;-N aceumulation amount
it 7R 8 0~ 100~ 200~ 0O~
Lreatments Crops 100cm  200cm  300cm 300cm
Ckg/hm?)
F KIRT  128.4 92.8 70.6 291.8
W NEEES 38.4 86 5.1 52.2
W-N IEEWE 384.0 429.1 251.7 1064.8
W-NP MEELE 200.4 47.4 6.7 254.5
W-FYM MEEE 939 1.7 7.5 113.1
W-N+FYM /p#E#HME 351.3 174.1 10.0 535.4
W-P+FYM /hEHEHE 100.3 12.7 5.8 115.8
W-NP+FYM /##H 325.5 177.8 8.8 512.1
L BB 44,2 9.3 4.9 58.4
L-NP+FYM HE % 104.3 41.6 6.5 152,4

*R246 Bme ARNENMER T HETR
WS BERERENEDHTL., Bibol DI The average of NOs:-N measured in Feb. , Apr. , Jun. and
HRITEFEIAN L NESR B FTEERE R+ Aug. s OFallow,@Wheat,@Legume

Bl R+ BREREESEAFHANEERHET LR AASHARBNESERR . RIBREIERA.

iX 5 Westerman Z7E Oklahoma 8 8] iy &5 A fp105),
4 &

EUHAKRIIEELTIRPBABLIBASES T FETRAKIETHFESROIBZRAR. ¥HE
KB HY LMK EREDMELYRD., BRLEFEITWEESEHEAR D AEIFEERYS. KBPRE
NEMAFEEERS,0~30cm T EHNHESRFRBRKGALEN R BARY 5572 .FHLERHAR
BWE(140~240cm) BRB N ERM L EHKHHBY HFEFENEOEBERRE. SRAESHRER
AHNERSHEETUF T AHESEAYREBME socm LB EE . FAREBEERELNAR. ZE
B(0~160 crn) MM ARMBE YR BRI WABARENE, AN EFEDEREHN. EUARERH

REMEE M L REBZIBHEREK.
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