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1 MR575E

1.1 3 XH#E5

MR 1 398 25 B AR BE R 23 b, K 48 4 G E8 X K1) 23 b BE R B IX, VB A it a3 [X Kl 43 oh 3 B 5 35
PIX, A R R ARG (X 5 R R A X 20 AL T 75 ¥ Sk R 8 M A 4 7T AR RN VR AR AR 37 , AR BT
FLEIEAR AR ALHE , A0 17 Tk X AR b HE, 4248 97°20", Jb46 37°12'. A THAL 1 954 km?, {44 2 870 m,
TR 2 B K B AY 120 mm, 4F-F I 25 K B ik 2 439 mme. VAR AR I 7 T S8k R 2 Hb 45 F 2, HE UG M R 2
BRI N, R 96°35', 4646 360307, Ak 37y H HU T AR 91.3 k', 413 [ Y & 58.51 mm, FF- ¥ 28 K &
%2 849.7 mm. 2R X 3R ACN SR () A — R ER 2 A 2h b, B R B AL T 0~30 em 4. ik
55 X -4t R /KIER N 1.2~1.5 m, Hb R /KA A 3.5~6 /Lo i X LI B oT W3R 1.

A1 RI K 2RI R

Hi A d 2 em pH1H CI /% SO &/% ErEhE% & EhE I 4/%
0~10 8.3 1.7 0.63 7.72
10~30 8.1 0.67 0.6 3.2
rEAg 3050 7.8 04 0.2 1.42 2.18
50~70 8.9 0.21 0.42 1.5
70~100 8.8 0.07 0.31 0.6
0-10 8.5 6.67 1.61 33.15
10~30 8.7 5.11 1.46 19.7
A 30-50 8.4 2.76 0.32 7.8 9.92
50~70 8.3 0.76 0.57 2.96
70~100 7.7 2.13 0.53 1.7

1.2 I
1.2.1 #HEKE MR

Bl I8 Hh o IR SUE HEK RG0S5 BB HAKHHEK KRG 2 A EE, LA KR TAE A 2 AN b B 2
2, W BUE HEK RG0SR FH AR 2D I 1)k SUE A RWOKE 1, KR 80~110 m, F- AT B 1 56 K JE 450 m 148
K LIRKE TS5 8KE TR 6003 M s BANEHK W HEK RGURHTE PVCE EAT R BANEHE K AT HEK,
PVC & FIFRE 5K B AlEHE K A 10 A 5L, RO BANEHK A S 11 5 PVCE R & #: D A4 1% 200 mm
JEARRD EJZ FERE O AT R 5, R K e IROKAE T 28 80~110 m, B4HIEHE /KA K 4 20~30 cm,
FEIKE TR PVCH5 , KN 470 m, 5K T 5 6003 A LWL RS & i B MoK ds il . 2 HHEK R4tz
[R5 48 Wt o 53 AR R 56 DX IRUTR A 18 A 7K 52 000, A A7 L AR 7 4 ) 0 o o 6 DX HE K 7 )
M~ EEILE T,

ok
Tt W5

B 1 kg KR E AR & A
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1.2.2 @ X3t

FEWEIR B K 8 77 X, BEWE A K A EE R 28 1.5 g/l ARIREHG IRIG X X 2 9 6 1T, BAT &
SHHARZ124 2 000 m® B H 3 30 B, R HEZK VA B DAL T 4 474 FH K 40 m, %6 50 m, R —4T 4% HEK 40 m, %8
60 m, ¢ Jo 147 K 58 43 71 40,50 m, 4% FH 2 (R B0 1 m IR PIREAR » B 1E 7K 4348 ) 0172 , 6 474 B 433 5%
HU1650.1500.1 35012001 050,900 m*/hm’ (/K &, FLE47 5 URIbRGE o EZK e J7 ¥k A Ta) B o 1)
I, BRI PR S I 5 25 3R /K A7 4 2 B B T 0.3~0.5 m )& , 34T N — UK, ARG 4 d o 1 IR
PRI E A , 55 1 IRMBE N 2016455 A 1 HIFdhH . [RIR, REIRIEK G 28 4 RiEAT 43 )2 B+ (0~10.10~30.30~
50.50~7070~100 cm) , 3£ 6 IRE &, H- 43 45 |2 T AE I BRI A A O, DLEE Bh i <1.0 g ik, dE AT 20 E 1
LT
1.2.3 & HEK TAZH 56

I 7 (1) R 5 D) e P o = e FE D)k /KR I S S 5658 X M /K VA S22 368, 2 B s 425 1) e ) T
TR, Y U R — M B 2 AR IR P (23R, s/ R -

D=AH+Ah , (D
s AHNEY FEMR R ZHE (m) s A AFIRASK (mD), — RGO T , AhE0.2 mo ZH 15 X 7K SCHE
JRTRL, R T 7K 2 AR FE R 0.8~1.3 m, FRE ALK K 0.2 m, B RK E SR A 1.0~1.5 m.

WS 1] BE BB E B SR A GREIE S HEZK TR A0 TE GB 50288—1999) & 13 1) I & [H] B, R J5 AR 4
AR, A ETA B, e R e T 2o 1B X 3 & TR B A WROK B IR 1.2 m A2 A, AR ALY
WS K A T (2L 40 m, 38t W I - b 7K A7 B a3k — 25 3 b i e s I R W K B T 2R R 40 me

WEUEHK B E R T B E A kA B

0=C-q-A , 2)
A Q AW HEK R & (m'/d) s C RS THAA R E R Ak C=0.90; ¢ A THHE KA (m/d) , iR A
BN 0.005 6 m/d ;s A M3 SCF I HE K B THAR (m®) o ARG 20 (201 515 H &4 18 2R A0 B i eI &
TERE 2,
K2 HsE B EmEHRE LT HR RS

Bt He K32 A /m? itk %44 HEAK A H/ (m-d™ B/ (m’-d™"
WEUE BKE D 5000 0.90 0.005 6 25.20
BABHEK ORKE 1D 5000 0.90 0.005 6 25.20
HEKEL 64 741 0.90 0.005 6 326.29
HKE 84 604 0.90 0.005 6 426.40

WAUE L% 543 AT TG HE 7K I SO 1) BU 18 B3 2 N e/ NIRE MG T 0.3 m/s OER . 3R056 X K
TKEHEAK L FEEL 1/250, 2K E HEK EL L 6.4/1 000.6.5/1 000

WK B AL
3/8
d=of M| (3)
av3i
EKEER
3/8
d, =2( nQ ) . (4)
ai

A d NHEKIESUE SR (m) s Q BT HEK IR = (mY/d) i WK LIS s o A58 N 78 8L AR 280, IR 4
FIIE AL BUE A 1.805 n 4 A RE 26, M4 RIS, I SUE 8 PO RS 22 B HX 0.016, Y6 BE 3R LA 8 P R 28 B L
0.011, I (O HA & EERIER, 1E WL,

23 BE B2 mEHAKF RERAKE RZ

B Bt E/(m*-d™h HEK L& AR R HL BNk E4%/mm
WBUE (WKE D 25.20 0.004 0 0.80 0.016 76
BULEHEK T (K 1D 25.20 0.004 0 0.80 0.011 72
HEIKE 326.29 0.006 4 0.80 0.011 734
KB 426.40 0.006 5 0.80 0.011 810
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55 bR M A 85 R G » B A e OKE S 128 75 mm, 4E7KE 4208 800 mm.
1.2.4 M EAGARR T *

TAF pHAEI 2 KA pH T AT E , KBRS A 501, I E RAMREEE T E, TIEE T
TR LT TR E DY, M A = (IR e S - S DA B/ TIRYIIh a2

HERG T

2.1 FEHEKER T ARREERRC LIRS T

T4 535 ARG E BT BRIOMGE G 4 e v B2 SR A RS0 DRV AR B R S X 0~30 m
TEEEAE SRR, RR AT, ESIE X IR LE 0 2 R B, P SR A R Ik
%&Kﬂi%ﬂ@? BIHE H AT HEACT 358 i 25 2 B 6 s T AU, DL S Ok ) B EHE K AT HEK S

M AR R B SUE R T 5.03%~26.96% ; 1T AH R E K AN R Pe kBT , BANE HEK A HEK T 3 i 28
%mﬂﬂﬁ%ﬂ&éﬂé » BL1 500 m*/hm? 9 5] , 6 41 3% HE K w5 HE K 1358 i 36 R Rk a0 = T 20.5%~
26.96%. EAEHK W ERE/KE 1 500 m*/hm’ 4 R SE Ik 3R AT, 3800 35 % By, 1A 21 98.61%, TE I
WREREHUT , B HEK T HE K e L RO el

4 AP ALFTN)RE R ARHELHGE0~30m 2L F HFLF

JE s 1 ke 2 bk
HEKEE/(m* - hm™) HeK T
LR/ ke 4ihR/(g ke Jit #5256 /% 4ihR/(g ke Tt #5256 /%
650 BHEHE K 426+0.21a 3.47+0.18ab 18.74 1.26£0.07¢ 70.45
WL 4.41£0.23a 1.45+0.08¢c 67.12 2.05+0.10b 53.63
500 BAEHE K 3.59+0.19a 3.53+0.19a 1.73 0.19£0.01d 94.85
WEUE 2.75+0.15b 1.37+0.07¢ 50.24 3.21+0.17a -16.60
F4HE HE K 3.39+0.17b 2.57+0.14b 24.25 0.54+0.03d 84.20
130 WEUE 2.70£0.15b 1.76£0.10c 35.02 3.18+0.16a -17.60
FB4HE HE K 2.46+0.13bc 3.01£0.16b -22.30 0.42+0.03d 83.14
1200 WEE 1.62+0.09¢ 1.710.09¢ -5.30 2.27+0.12b -39.80
BAEHEAK 2.09+0.10bc 2.58+0.14b -23.20 0.47+0.03d 77.52
1050 WEUE 1.7620.09¢ 420+0.21a -139 2.86+0.14a -62.40
900 BAZEHEAK 1.06+0.06d 2.53+0.14b -137 0.260.02d 75.52
WEUE 1.62+0.09¢ 1.31£0.08¢ 19.54 2.92+0.15a -79.70
Ak o N 3 Uk 4G 5 UCHkE
A E/A(g kg It 52/ % SihE g ke MEEFR/% A E/(g kg It 52/ %
650 BB 0.85+0.04a 80.07 0.73+0.04b 82.88 0.48+0.02bc 88.86
WEUE 0.73+0.05a 83.56 1.65+0.08a 62.89 0.710.04b 83.83
500 BHEHE K 0.490.02b 86.36 0.05+0.00d 98.61 0.18+0.01c 94.99
WEUE 0.94:£0.06a 65.86 0.63+0.03b 77.30 0.88+0.04a 68.03
1350 BHEHE K 0.76£0.05a 77.70 0.13+0.01d 96.31 0.29+0.01¢ 91.58
WEUE 0.9+0.054a 66.68 0.68+0.03b 74.82 0.83+0.04a 69.27
1200 HeK 1.19+0.01b 51.87 1.3240.07b 46.59 0.25+0.01¢ 89.85
WEUE 0.76+0.05a 53.51 1.50+0.08a 7.64 1.04£0.05a 36.27
B4HE HE K 0.32+0.03b 84.70 0.22+0.01¢ 89.48 0.65+0.03b 69.15
1050 WEUE 0.63£0.03ab 64.16 1.70£0.09a 3.30 0.94+0.05a 46.53
FBYHE HE K 0.72+0.05a 32.67 0.47+0.02¢ 55.74 0.43+0.02 59.98
o0 WEE 0.85+0.04a 47.90 1.83+0.09a -12.50 0.83+0.41a 49.14

VE B ENG RN & A R ZE S LE P<0.05 KR, T IF.
B 5 AT AT, AR IX 38 2h 70 B ik 2 N R 3 A RIHE RS T AN R RE /K & R 38 3 20 A RFAE
B AR . HE R SR B R Bk X BOR R K BT, BB HEK A HEK 3 M 36 % 5 3 U HE/K 13
it 25 2 22 ST, 5 YRR S, BAHE HEK A HEZK G 35 i R R AU A B T 3.59%125.88% 4 14.4%
5.25%-48.43%H1 12.27% ; 1T AH [F] 8 7K B AN RS IECT , B 4B FE /KA FE /K 33 B 6 22t W Sl s T ik 4t
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&, LA 1650 m*/hm® N1, BAHIEHE K HEK G IR S R 8V m i 1 2.24%~12.42% . BAIEHE K 1R
WEZKE 1 650 m'/hm’ 4 JOMRGE bk Eh e BT, I8 M 2 2 f s, 1A 31 94.41% , 7E MLk 8 A R, B4HE HE KA
HEAK B 3 RO el

A5 FRAB(EELEFTN)RBRERFRELTARLE030m LR LEFT HHEF

) JE 4 1 Rk 2 Witk
FEKE/ (' hm?) K
4 ihR/(g ke 4xEh /(g kg") Jid 5 #2/% 4 EhE/(g kg Jit £h2/%

BHEHE K 9.92+0.50a 0.830.04b 91.65 4.66+0.23b 53.08

1030 WL 9.65+0.48a 2.00+0.10b 79.23 2.43+0.12b 74.86
BAEH K 2.60+0.13¢ 1.89+0.10b 27.06 1.50+0.75a 42.37
H300 WEUE 1.65+0.08¢ 6.32+0.32a -283% 2.72+0.14b -65.10
FYHE HE K 6.53+0.33b 4.34+0.22a 33.56 1.45+0.07a 77.80

130 WEUE 5.16+0.26b 5.7140.29a -10.50 3.7240.19b 28.06
B4HEHE K 4.27+0.21bc 2.24+0.11b 47.48 0.47+0.02¢ 89.11

1200 WEUE 5.68+0.28b 2.72+0.14b 52.18 2.59+0.13b 54.52
BANEHEAK N 2.22+0.11¢ 1.35+0.07b 38.96 5.34£0.27b -141
100 WEUE 1.2620.06¢ 4.99+0.25a 295 2.34+0.12b -85.10
BAE K 6.13£0.31b 5.58+0.28a 9.03 2.21+0.11b 64.05

0 WEUE 5.49£0.27b 2.16£0.11b 60.70 3.96+0.20b 27.91

ARG Hkd 3 ke 4 ke 5 itk
EHE(g ke BERR/% (g ke BEE/% 4ih &g ke JBt £ #%/%

BB 0.56+0.03b 94.36 0.56+0.03¢ 94.41 0.56+0.03¢ 94.36

1030 WEUE 0.76+0.04b 92.12 1.25£0.07b 87.04 0.89+0.05b 90.77
BHIEHE K 0.68+0.03b 73.98 1.14£0.06b 56.05 0.95+0.05b 63.38

1300 WL 2.28+0.11a -38.40 2.55+0.13a -54.70 1.03+0.05ab 37.50
BHIEH K 0.89+0.05b 86.37 0.89+0.04bc 86.45 0.78+0.04b 88.06

130 WEUE 2.7540.14a 46.75 2.84+0.14a 45.10 1.36+0.07a 73.66
BHIEH KA 0.93+0.05b 78.22 0.760.04bc 82.20 0.67+0.03bc 84.31

1200 WEUE 3.7140.19a 34.82 2.66+0.13a 53.20 1.19+0.06a 79.06
BYHE HEK 3.11+0.16a -40.40 1.86+0.09a 16.25 0.960.05b 56.66

1050 WEUE 2.9540.15a -133.40 1.830.09a -44.40 1.16+0.06a 8.23
FYHEHEK 2.55+0.13a 58.51 1.95+0.10a 68.21 0.98+0.05b 84.02

. WEUE 2.16x0.11a 60.72 2.72+0.14a 50.51 1.55+0.08a 71.75

AN EIHEZK $5 Tt EHE O R 35353 1 ) 3 ER A AR AL RFAE SR B, AH R K E A RGBT , BAE KT
HEAKN 338 Mot 25 2 5 w5y s A [FHRGE IRBOR R EE K = T, BAREH KA A L R 65 L I i 2R 2 0 vy,
IR M A 2 AR X AR HE AR I R v, I I T AN AR IR R I 4, S L A AR R
X 5 Ay, R R E I GO T AT 5D W, 28K 8K, SRR i £h 40 B G 7K 7 1 28 R s 3
TIERE . 2B EA T 5 DR ORI AR A X2 TR B R . R4 IR S ]
DL IR SUE AR R iR Eh 2 T BAEH KA, iR AR 5.

22 ERFEHOKTHOKPAE LR ST

EHhEt b R, R B AR R DL I S FOIRGLAN B s 3h A . BAE HEK AT HEK I ER
PR B AR X 5 AR X AR R K & HIEAFEE R BB & 2 fros . 2750, 5
VBRI A EE , 4 R X 0~10110~30.30~50.50~70.70~100 cm + JZ 35 4= H & 70 51 F % 1 81.19%163.8%-
67.23%+60.14%F1 62.2% , ifi Atk X 0~10.10~30.30~50.50~70.70~100 cm + JZ T34 T &0 5 F & T
96.62%93.55%87.56%66.89%39.41% , [ -t JZ2 V% £ 111G 0 1 58 Jid 355 25 S PR AR o I A Ik I B 1)
o, LEEE 2 BRI R E RS PR R AR X 2 ke e, %2 R R E R,
e R RE I, 010 cm + 2 1 HIE AR B IRK T 76.41%; i ARPERIE XA 1 Rkt G , 3% 2 135
IR T R )02 0~10 cm 5 10~30 cm + )2, 31X 2 2 13 4 3h 5 7 B PR T 82.11%M176.14%. 1X
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RYIBHIEHK A L R = 3857047 ] (ks 2R

8 r - 5 N
—— J AR —— 1R 40 r N etk
—a2E —e— O RRRER —e— I
7t —o— ik —a— Uit 35 i o
—o— 4Rk —a— Stk
6 30 F
< s
<5 N
?lliﬂé MJ\H' 25
4* ﬁzo
B B
H ) 15
2 10 f
1 5
0 1 1 1 1 J 0 1 1 T 1
0~10 1030 30~50  50~70  70~100 0~10 10~30 30~50 5070 70~100
T HER S /em LIRS /em
(a)f 4w IX (P B 3k 54k (b)Y AR X (% Ehimifh)

B2 £omifHEK A Rk AKE RS T
2.3 EMERKEHIKF 0~10 cm TR HIEE S BEFHTL
SEIEAR ZE b A 38 L A R BN R -IR R ER Y, HAZ e s e 2 AR IR X B 403 HEAK A B
PR AR 2R Ly & TR LR 6. MEMR IR IE KR H IR EHL T K B AR, P 3415 0.65 g/L, #h4y
2 REWEARTE K AR . B3R 6 A, 2 MRS X 39 32 A B B8 1 A& CIA SOL», FZHIBH 551 /& Na' Al
K", 31X 5 7k BHEPI S8R A 2 37 A L3 b A R B 5 SR A — 3. SRR AR B, 2 MR EG X b vk fE
e Eh oy b CIAN SO & .35 1 B, v R R 5t A i3 X bk 5 CIUAN SO 1 5 Ji 46 - AEAH LLBFAIK T 63.58% i1
24.25% , B #h ARG Xk Ja AN SO R 46 T 438 N FE 1 94.21%F143.84% ; iX 15 B B ANE HEK A HE
Kk LR B T RAFHE A, R A T A X . 2 AN X A B R AR AR, AT
W, B35 HEK A HE K e 5 5 0 Na ' K CIAT SO B BB, e BUR BT .

(6 EmEHKFREBEERETLELEY»HTFE 2/100g
REULTEE yoscil Ca” Mg* K*+Na’ cr SO.* Co.> HCOy

JRAEERE 0.16140.041b  0.042+0.004b  0.896+0.070b  0.615+0.080b  0.433+£0.020c  0.031+£0.003b  0.053+0.004b

hREESELAX
WP 0.145£0.013b  0.057+0.003b  0.427+0.050c  0.224+0.010c  0.328+0.030d  0.014+0.001b  0.074+0.003b
L JFUAERE 0.384+0.025a  0.210+0.020a  3.924+0.460a  3.491£0.050a  0.901£0.080a  0.120+£0.020a  0.126+0.020a
= B LIRIX

WPEE  0.203£0.030a  0.104+0.009ab  0.503+0.060c  0.202+0.000c  0.506+£0.050b  0.017+0.001b  0.108+0.030a
T RAAFVING TR RIS AL B A Z R AE P<O.05 K

3% g
W T BRI, BB HEK A HEK T DU REPE A 358 38 2, 8 A0 (O B2 B 5 4b ) 3058 X R i AVt (L
ERTAOAREE X 3 R 3o W B, A A ARG X S 1 4 B 5N 2~4.5 ¢/100g, i AR R X S 3 A dh R
8~10 g/100g , H: X6 B - 158 i 25 2 85 5123 591 98.61% K1 94.41% , i 4 IR 56 (X L4 & th B 5 T 2K S, %
FERAR I LR GO N B8 T B ANE HE K 5 A [F) R SR 357 - 1 [X 3 B bRt ce 200, A B R 54k b DXk
ESE AN 1 500 m*/hm?, FEK R E 4 VK 5 5 2R B Dbk 3R SE AR 1650 m¥/hm?, HEK IR 4 k. B41EFE
KT HEZK IR B f5 T8 6 45 ph 2R SR A ) Jt R Y AR, LA R SRS AL T R I AR O A T E A AL, X S
AT N X 1% A 7 i B T BT 9 5 SR — B3 AR i N L o s A i T VR S5 T AT T S8R, IR
A0 BN HE K WP RS 5 AN R 2 3 B R SR AT IR N T o BRI B SUE HEK e
Ry A TR, 2R AR AE T IR B T, TE SR FN A 2SR T I AR 4 TR S B MR 1 ik A R AL
()R A s AR S A 38 SO HEACR PRI AR TR I 2 O R IR R LS, e LR R AT B2 36 X S T 5, B R
BRZY , Eh 53 52k ) N RAE JE TE SR ZL I 28 R BUE F RIS B3R, 3 BR £h 10 B 4 I HEAK A ke i FE e
Hh P IR ER I G DL IR B D, HLIR ERAR B8 I A B, 1 B R S HE KT HE KRG 5 5 AR E A
BKHHIIREEIME .
BEHF R AT, 2 MR X 385 L 2 R Sh AU AR — 55, Y RO BT T R, HE TR
JEAE, R 2 LIRS R RO, AR T2 10 L3R 0 NS E RZ LI N, X Ui B 4iEHE
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FK HEZK e st ot IR R By BAT RS I PO IX AT e DR D B A& HE K HEK ) S B A 7K
BENBAHIE HE KT 5 B AR IR R 1, 72 B4R AT AR F R S A Wb i 3 vh i (A, R bk e e
R, BEAR 1 3R 7y

2RI X 39 3 0 T BB B 108 CIAN SO, B 9 Na K, BB HE K i ke 0 X 4 F g
R A e BR R . FE R A I IX Mg™ . Ca™ . CO:™ \HCOy E 82D , 1t i ok 25 SR AN\ 3 5 1 8 32 2
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Efficacy of a Drainage System in Remediating Saline-alkali
Soils in the Alpine Region of Qinghai Province

ZHANG Zhenzhong', ZHANG Jinxu’, HUANG Jiasheng’, ZHANG Tan', TANG Da', HE Kangning", LI Runji¢’
(1.School of Soil and Water Conservation, Key Laboratory of State Forestry Administration on Soil and Water Conservation,
Beijing Engineering Research Center of Soil and Water Conservation, Engineering Research Center of
Forestry Ecological Engineering of Ministry of Education, Beijing Forestry University, Beijing 100083, China;

2 Institute of Water Resources and Hydropower of Qinghai Province, Xining 810001, China)

Abstract: [Objective] The objective of this paper is to present a drainage system as well as test of its efficacy in
remediating saline-alkali soil in alpine region of Qinghai province. [Method] The work is part of a soil desalina-
tion project in Delhi (moderate salinization) and Nuomhon (severe salinization) in Qaidam Basin of Qinghai prov-
ince, in which we studied salt leaching from the saline-alkali soils drained by a new system consisting of capil-
lary-drainage belts and standard subsurface drain.[Result] M1In both soils, salt leaching from the top 0~10 cm
was faster than from the subsoil and the leaching rate from the moderate and severe salinized soils at the end of
the experiment was 81.19% and 96.62% respectively. @ The results saw a significant decrease in contents of CI,
SO/, Na” and K" in the top 0~10 c¢m soil, indicating the system was effective in leaching these ions. 3 Overall,
the system leached 98.61% of salt in the moderate salinized soil and 94.41% of salt in the severe salinized soil.
[Conclusion] In terms of leaching rate, irrigating 1 500 m*/hm* water in four times is most efficient for the mod-
erate salinized soil, and 1 500 m’/hm” in four times most efficient for the severe salinized soil.

Key words: saline soil improvement; subsurface pipe; capillary-drainage belt; salt quota; soil salinity
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