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Fig.1 Experimental zone (A) and soil profile sketch map (B)
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Table 1 Soil mechanical composition

A H A + TR em kL% IR/ % KL/ % ZH/(grem™)
e A R 1 0—20 88.3 9.7 2.0 1.4
20—40 92.4 6.4 1.2 1.5
40—60 93.6 5.6 0.8 1.5
60—80 92.0 6.9 1.1 1.4
80—100 91.6 7.3 1.1 1.4
Z kg HERE DA 0—20 65.5 18.2 16.3 15
20—40 76.7 11.5 11.8 1.6
40—60 87.6 4.9 7.5 1.6
60—80 91.8 23 5.8 1.6
80—100 92.3 2.1 5.6 1.6
F2 AW T IEEEARIE S
Table 2 Basic fertility characteristics of experimental soil
R R )RR EETE'F$E(12 ALK ??C 25 TI]\I %%Tf’ Exil TI]<
fem A(mS-cm™) (g kg™) (g kg™) (g kg™) f(g-kg™)
HraE A H HEHEX D 1 0—20 8.04 0.11 4.88 0.62 0.49 17.79
20—40 8.09 0.12 4.43 0.58 0.38 17.65
40—60 8.76 0.23 3.70 0.51 0.44 17.46
60—100 8.79 0.20 1.26 0.22 0.27 17.15
100—140 8.87 0.19 0.67 0.17 0.26 17.12
140—180 8.93 0.20 0.59 0.12 0.20 16.89
S TR AR 4 0—20 8.15 0.12 6.54 0.82 0.95 34.56
20—40 8.21 0.13 5.42 0.81 0.87 35.14
40—60 9.05 0.13 4.97 0.73 0.89 29.68
60—100 9.13 0.13 3.34 0.45 0.74 28.59
100—140 9.10 0.14 2.94 0.28 0.69 22.58
140—180 8.99 0.17 2.77 0.20 0.57 19.58
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Fig.3 Spatiotemporal variation of soil moisture during maize growth period in 2017 and 2018
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Fig.4 Spatiotemporal variation of soil temperature during maize growth period in 2017 and 2018
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Fig.5 Spatiotemporal variation of soil moisture during fallow period in 2017
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Fig.6 Spatiotemporal variation of soil temperature during fallow period in 2017
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R B EAR(E 6) o 1 H3E 0 cCAFIR £ T K3k
M R B 0, B 2017 4F 11 ) 23 B 2 4%
YA T 10 om Ak + 3830 B 53 51 B 2 -0.94 °C Al
-0.67 °C, P AGFELE B 11 A23 HE12H2 H L, i
TR IE , AL TR AR 25 B B, VR &5 o
I 5 B 2 ek 0 328 T R AU, 8 ) R 85 T B i
W, T2 A 13 HURSS RS Bk B  E 2k

A% H B KRGS TR 4395120 128 em Al 133 em (& 6) .
24 TIEWKE

EXREBTHTEITKE
2017 4EF1 2018 4F K A= B 1) N P AR H A 35
TP 7K 2 B A ] AR fb 35 R Bk e RN THm a3, T
BAET AR R AR (R 3. 4) . 1A A I Ab 28
T, B RN A H 2017 4FF12018 4F F oK A= 3 N
AN T H -0 K 55 518 291,26 ,.312.55 mm, fI%
T IR 4 20 A T 26.5% F118.0% , 535 8 ¥ A<
140—180 cm 1 JZ IF7 /K & 43 % 2 101.17 mm Fil
112.65 mm, /= &4 P4 H 21.15% F152.62%
Bk A B 30K S AE R — H A AR 25
JETR e B0 35 1 22 5% (P<0.05) , 4 A R 7
A8 H 2 ek 22 R B 4h , A H
By F I i E P25 R (P<0.05) . 0—20 cm +)2%
T KRN TR A S e 5, 3K AR AR W i
AR, AN 2017 4 ki 4 H 3K &k
24.02—39.50 mm, & Z& Y 4 H W Ky 33.44—44.43
mm, b, 2017 4E 12018 4F 5 2 4 [ 160—180
em )RR S B 3 T HAL A+ 2 (P<0.05) L T

24.1

R3 017 EEREFHTEKE(BA: mm)

Table 3  Soil water storage during growth period in 2017 (unit: mm)

YLl +Z/em 4H 5H 6H 7H 8 H 9H

P4 m 0—20 39.50+£0.91° 35.39+1.35% 29.33+0.67% 24.02+1.20% 31.43£1.76™ 30.47+2.12%
20—40 30.51£8.31% 28.82+5.62° 19.64+1.66° 9.80+8.89¢ 17.61£15.91° 19.12+17.39°

40—60 24.59+2.22° 27.82+1.62° 20.84+1.28° 13.080.89* 15.01+13.02¢ 24.08+1.72%

60—80 27.97+0.73% 33.51£2.71% 24.98+6.31% 29.26+9.79™ 26.96+1.48% 32.84+5.71°

80—100 26.83+1.90° 31.07+0.85% 26.48+0.95% 18.92+6.24 21.49+4.30% 25.87+0.27%

100—120 33.56+1.90% 35.14+1.61% 31.55+2.55% 19.90+2.20% 24.56+2.24% 30.32+1.56%

120—140 38.18+1.81% 38.21£1.61° 36.93+2.70° 24.80+3.08% 26.16+2.95% 33.97+1.65™

140—160 49.25+4.14" 49.24+4.11° 48.68+4.97° 34.44+1.71" 33.30+2.67" 44.92+2.56"

160—180 65.41£3.53" 66.73+4.43" 67.09+4.48" 44 46+6.42° 41.49+6.42° 62.02+4.23

1A T 0—20 41.0445.56" 44.43+7.33° 43.69+7.6" 33.44+6.79° 37.16+3.96" 35.71+5.15°
20—40 45.07£6.08" 46.84+7.80° 44.59+6 27" 32.85+3.13° 37.82+4.29 39.07+7.89%

40—60 50.12+5.87 55.27+7.50" 52.15+7.23" 37.39+5.49 42.23+4.30° 47.56+9.18"™

60—80 49.78+1.10™ 55.10+1.88" 52.08+1.48" 38.86+2.10° 41.39+1.28" 48.74+1.83"

80—100 48.51+3.66™ 52.89+2.90% 52.24+4.55" 38.90+3.64° 39.31+2.31° 46.69+1.07"

100—120 49.87+7.37% 52.97+7.01° 52.33+£6.67" 43.61+9.05™ 42.33+8.65" 45.94+6.77"

120—140 46.99+7.20" 47.96+7.71° 48.39+8.54 39.20+12.48" 36.81+9.34* 39.93+6.25%

140—160 48.43+4.08" 52.96+4.29" 55.06+3.77" 49.95£14.70  37.72+7.42° 41.8146.32
160 —180  35.36x11.12° 37.03£12.95 38.38+14.08" 30.90£16.94° 23.02+12.56° 50.42+11.77"

XtFEEFA H L, P<0.05, [Rl—FIR [R] b1 3R 25 57 1 35 (P<0.05) o
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Table 4 Soil water storage during growth period in 2018 (unit: mm)
A H +Z/em 41 5H 61 7H 8 H 9A

BG4 T 0—20 38.2443.14° 34.02+2.40° 25.34+1.63° 28.60+1.48% 31.62+0.92° 39.67+0.09°
20—40 27.24+1.22¢ 24.13+0.07" 17.84+0.30° 20.50+0.07° 23.66+1.47" 24.3244.41°"

40—60 30.24+1.00" 24.13+2.12° 18.06+2.52" 19.10+2.12° 22.760.40" 21.13+0.99"
60—80 36.24+0.38% 32.58+0.05¢ 27.4740.51% 26.6420.05* 30.25+3.51% 28.69+3.99%

80—100 32.24+0.36 28.98+0.65° 25.91=1.09° 20.75+0.65° 25.41£2.17 24.80+2.71¢

100—120 34.24+1.03% 32.57+1.01° 31.30+0.42° 26.27+1.01¢ 27.78+2.34% 26.26+1.71°

120—140 38.24+0.61° 37.79+0.15° 37.40+1.42° 31.78+0.15° 32.18+2.78° 33.01+4.20°

140—160 49.24x1.78° 49.41£0.54° 51.55+6.30 43.09+0.54° 44.14£0.92° 44.95+2.89°

160—180 68.24+1.05" 65.21+0.42" 66.200.05° 64.97+0.42° 66.82+1.20° 62.10+0.88"

224 T 0—20 46.84%1.70° 40.98+1.04™ 33.25+0.83% 30.41+0.68" 32.47+1.20® 32.74+3.50°
20—40 47.62+2.51° 46.10+3.49™ 39.9542.95" 34.26+2.32° 36.32+3.18"™ 36.90+£2.70™

40—60 50.73+3.04" 52.51+3.61° 49.82+3.06° 42.74+1.86° 45.3243.40° 44.5243.30%

60—80 47.24+0.12° 49.96+1.05% 49.10+1.44° 42.34+2.36° 43.93+3.03° 43.88+3.70%

80—100 44.90+3.02° 47.96+3.87% 48.44+3.78% 42.65+4.97° 43.38+5.40° 43.3245.70%

100—120 45.43+7.52° 47.39+7.12% 49.71+6.52° 45.65+8.47° 44.89-+8.89° 45.34+8.90°

120—140 43.35+4.66" 44.27+3.39® 47.65+1.90° 46.84+6.80° 46.63+8.20° 46.86+7.60°

140—160 26.36+23.30° 26.79+23.70° 29.85+26.14° 29.49+25.90° 39.78+7.87" 38.62+9.40"

160—180 30.10+26.27° 30.14+26.29® 49.46+5.39° 48.13+4.18" 47.31+4.31° 46.83+4.50°

XF TR, Al —F AR 7 RER R 225+ .35 (P<0.05) .

L2 A TR 2 R I K B AR H A £
Eo S M ZEREARRE(THMIA).
242 RHHLIERKE

2K ZEVE WS ), DR B A A
KB E TR (R5), T2017 4 11 At K &I+ &
e, 43 90 329.9 mm F1394.8 mm, HE A 3 45
WIE /K S WA, T 280 4F 2 A B = A%, L 3Em
I K T, 43504 303.1 mm Ai1361.6 mm,
FH L VR T 53 IR T 8.1% F18.4%

R 11 H A8, 8T 2R A 3K A AN )
T JZ R R B B P22 7 (P<0.05, 3% 5) o IRBE
B, 0—40 em )2 7K 43 B B 8] A8 £k B4 10 88 e
T2 2 KA, R RS K & &
Y e AR R SR KT, WA - B K R T
H B ARAKF, 4 H L 358 2Rk 5 AR = 2
SEHTKV . MRS B B SR A B VR 2
IR 11 HFEAE T 3.7% H16.7%, 40—100 cm
4 2 ST A URES ORI AR VR &5 DX 2 P AT L 14
JZ S RAIR R 55, IR URES K & ik

Bt R E O 8 i 4 R . B &SR 100—200 cm
JZE I 7K 1 B 8] A8 A PR E AR B2 E BIR A

25 REZSR=ERNO-NHA=E

251 EREEFEHREESRERNO-NHZIE
2017 4 KB 2 Ui A FH B3 1 vk E IR )5 A K 4y
BIRIGIN , Hoay TR EK GBI TR BT, & o
R HAERAE TN IR B IS KA 52018 4F
T KA A SR YN AR PR ORI S YA K B
TG, Hoak 6 IR S5 B 0K 438 T , B4k A
52017 FAHF WML, TTK BT (E 7). 20174
T KR WA S R SR AR A K 8
HEWE 22 h 5 K53 3B e e 4 4.72 mm, # 7K 48 h
JE KA B K, Z 05 B WE /N, B E# K 263 h
JF(6 A3 H)KABINE R, Bl R E N 46.97
mm (& 7A) , 5 #EKEH (90 mm) iy 52.19%. 2018
AF T UHE R 5 7K 538 T D3 43 ) R 750 h #1303 h,
K438 5> BN 63.3 mm F141.8 mm, /K 533 T
SRl £k B i ) AR Ak % AR g% (7B LB 7C)
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Table 5 Soil water storage during fallow period in 2017 (unit: mm)
A 1JZ/em 104 11 H 124 1A 2 3A

SN A 1T 0—20 29.90+2.33¢ 35.9+0.77" 20.62+1.59" 18.68+2.09" 21.05+1.89¢ 37.41£2.91¢
20—40 27.82+4.67° 32.4+6.80" 20.12+3.07° 16.03+2.53¢ 16.22+2.64 28.59+6.74¢

40—60 29.40+10.09¢ 33.0+10.63° 26.26+3.93" 17.27+0.67° 17.05+0.98" 35.38+4.03%

60—80 28.58+1.26° 32.5£2.43" 32.16+2.54" 20.78+2.16" 17.86+2.02° 28.85+2.23¢

80—100 26.41+£1.22° 30.3+0.31° 31.05+0.26" 22.8040.39" 18.38+1.40° 27.92+1.14¢

100—120 30.24+1.50° 34.0+1.30° 35.06+1.42% 34.91+1.77" 20.63+1.65 31.08+2.47

120—140 33.55+1.84° 38.741.70° 40.02+1.60® 40.54+1.66% 37.71£2.33¢ 39.71+1.36°

140—160 43.86+2.46"° 49.8+3.49° 51.43+3.61° 51.94+3.64" 48.46+3.23 50.69+3.70°

160—180 61.26+5.69" 43.3+37.73" 44.34+38.53" 44.58+8.74™ 65.63+4.78" 66.64+3.96"

22 Y4 T 0—20 32.55%1.10™ 44.0+5.04° 27.71+4.20° 24.07+2.18" 25.82+1.52" 40.84+1.15
20—40 36.52+4.79" 45.3+5.52° 39.92+5.48" 29.86+2.70 28.95+1.69° 42.78+3.69%

40—60 13.4543.29° 47.542.99* 47.49+2 88" 39.20+5.14* 34.03+3.52° 45.48+2.34%
60—80 41.25+0.58" 44.8+1.03* 46.12+0.38" 42.61+2.22° 34.39+2.04° 44.30+0.48%

80—100 41.26+3.62° 42.9+2.69* 444242 83" 43.7243.42° 37.51+4.74° 43.23+3.25%

100—120 44.09+7.64° 44.6+7.50° 45.86+7.25° 46.13+7.35° 44.84+7.70° 45.10+7.71°

120—140 42.16+5.35° 42.6+5.20° 43.67+4.79° 44.28+4.55° 44.15+4.90° 43.55+4.91°

140—160 17.07+4.14" 38.8+6.43" 39.63+6.51° 40.16+6.58" 40.12+6.41° 39.71+6.40™

160 —180 45.48+3.96" 44.3+4 .57 44.98+4.77° 45.44+4 82" 45.66+4.86" 45.33+4.74°

XTI, A — S AR T RER IR 28 5 3% (P<0.05) .

2018 4F K AL B W B 2k I Ak H /K 535 T &k 105.1
mm, 5K (720 mm) 1Y 14.6%.

2017 4FEA1 2018 4F F KA B NI AERIHY 90% +-
FERIARE & NO-N By i i B R F 10 mg-L,
BB 4> FE i NOT-N ¥ J& 15735 220 mg-L™' . NO3;-N ik
7 BRI 2R 5K 508 e i AR LA — 3, 2017 4F &
KAF BN NOT-N ki BFLUE N 39 kg-hm™;2018
AF 4 H A5 H NOT-N ks &t 43 1l 24 50.5 kg hm™ Fil
17.6 kg-hm™, £ K £ & 1 N NO-N ki B2
68.1 kg-hm™,

252 HRHHAREZRERENO-NHKRIE

2017 4FFKHE (10 H 15 H) J5 414 B JoK 4
WG RGN AR FHEIRE 22 h 5 K 0 bk 2k B R
5.28 mm, 162 h J5 /K /3R 45 0, k2R Bt i 50.68
mm, NO;-N k4 iy 84.8 kg-hm (& 8) ., 2018 4F
BEECLL A S B)JE# BN BTk B IR 4 -

3 itig

A 1 NOS-N R i it 2 2 — AN A2 2%y 4 2

o2l B R S S R 2 2R I B . Yt A
I TR A KT R, B Sk Ke s
5 T i R K T R AR K A A, Bl R
PR AR K B I, 5 EA XK.
6 TR X R K BN R R IR S R
NO;-N e 1) FE RN o ABFIT & B, MK B
90 mm B, % S P AR H 7E 2017 4F F1 2018 4F £ K
BN ICK BT, Fra AR 5 18 E K i i —
WA R A R)Z LK BRI E . 20174 £ K
AN B Sk A H R 4 5 KR 235 4 0.19
m’ m F10.22 m*-m”, FIERK PRI T , AT L
KA 7 K -4 AV K — K, BUfif 200 cm
+ 2 K438 46.97 mm, 5K E R 52.2%,
HAEVE K B 1Y 6.5% , IR W AR B2 LI NO-N
T 2k 2, NO-N ik 2% &2 4 39 kg-hm™; 2018 4F &
K AR R BT | SR N A SR B S K RS R
0.15 m**m” F10.19 m* m™, N RIE T K IEH H
FE D5 AT HERE , 76 FORFE D451 HE K PR, 7K
B IR ES9 M 63.3 mm Fl 41.8 mm, 4391 (5 #E K
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Fig.7 The accumulation of water leakage and nitrate leaching during maize growth period
of newly cultivated sandy cropland in 2017 and 2018
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Fig.8 The accumulation of water leakage and nitrate
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2B MNO-NIK R o 41 2017 4Rk B fdoH 2k i
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Soil hydrothermal dynamics and nitrate leaching characteristics in
farmland in desert oasis

Li Jing'?, He Zhibin’, Wang Jianbing', Ma Dengke®*, Wang Lisha™’
(1.Gansu Academy of Social Sciences, Lanzhou 730070, China; 2.Linze Inland River Basin Research / Key Laboratory of
Inland River Basin Science, Northwest Institute of Eco-Environment and Resource, Chinese Academy of Sciences, Lan-

zhou 730000, China; 3.University of Chinese Academy of Sciences, Beijing 100049. China)

Abstract: Irrigation and nitrogen fertilizer application are the key measures to ensure farmland production in ar-
id desert areas, but excessive nitrogen fertilizer will leach into deep soil or groundwater, resulting in nitrogen
loss and groundwater pollution. In this study, two kinds of farmland soils with different reclamation years in the
desert oasis transition zone in the middle reaches of Heihe River were taken as the research objects. Through soil
column simulation experiment, the dynamic changes of soil moisture and temperature and the leaching law of ni-
trate nitrogen in maize growth period and leisure period were monitored and analyzed, and the differences of ni-
trate nitrogen loss in farmland soils with different cultivation years were revealed. The results showed that the soil
water leakage and nitrate leaching of Newly cultivated sandy cropland mainly occurred in the seedling stage to
elongation stage and the fallow stage. The annual loss of deep leakage ranged from 97.65 mm to 105.1 mm, ac-
counting for 12%—13% of the total annual irrigation water (810 mm). The annual loss of NO;-N leaching ranged
from 68.1 kg-hm™ to 123.8 kg-hm™, accounting for 18.7%—34.2% of the total annual nitrogen application. Irriga-
tion in fallow period led to the accumulation of a large amount of nitrogen leaching in the soil during the growth
period, and the NO3—N leaching loss was 2.2 times of that in the current growth period. Under the same irriga-
tion and fertilization conditions, there were no deep seepage and NO;—N leaching occurred in the old oasis farm-
land. Moreover, the “water preservation” effect of old oasis farmland was better than newly cultivated sandy
cropland. Therefore, we suggested that reduce the irrigation frequency or irrigation quota in spring during the
growing period of newly cultivated sandy farmland, and reduce irrigation quota or no winter irrigation in winter
fallow period, so as to ensure the optimal utilization of irrigation water resources and reduce nitrogen leaching
loss in farmland.
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