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Effect of Alfalfa on Water Consumption Process and Salt Changes in Fields

TIAN Delong' HOU Chenli"? XU Bing' LI Xianyue’ REN Jie'
(1. Institute of Water Resources for Pastoral Area, Ministry of Water Resources, Huhhot 010020, China
2. College of Water Conservation and Civil Engineering, Inner Mongolia Agricultural University, Huhhot 010018, China)

Abstract . It is significant to explore planting alfalfa on process of the water consumption and salt changes
in fields. Taking alfalfa field as the research object and the corn field as the control, the variation of
leakage, groundwater recharge, evaporation and transpiration in fields of alfalfa was analyzed. Stable
hydrogen and oxygen isotope was used to analyze of the contribution rate of each potential water source,
and the changes of salt in the soil was analyzed. The results showed that the total water consumption of
alfalfa fields was increased by 20. 17% , evapotranspiration ratio was decreased by 66. 64% on average.
among which the evaporation was decreased by 6. 21% , the transpiration rate was increased by 35. 80% ,
the variation of soil water storage was decreased by 8. 08% , the leakage was reduced by 39. 68% and the
supply of groundwater to crops was increased by 153.45% . Relative to corn field, the change of soil
volumetric water content was divided into severe fluctuation phase and linear decline phase in 0 ~ 100 cm
soil layers during the growing period. In July, alfalfa field change of soil volume and water content in O ~
60 cm presented a “U” shape, and the change of soil water content in 0 ~ 60 cm soil of corn field showed
type of “V”. The average soil moisture of 0 ~30 cm in alfalfa field was more evenly distributed than that

in corn field during the growing period. There was no clear bias in the absorption, utilization of soil
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water, irrigation water and groundwater in alfalfa field. However, the water use of maize farmland was
biased, and the soil water in soil layer of 0 ~40 ¢m was mainly used in each potential water sources. By
studying soil water in soil layer of 0 ~ 100 ¢m at different times, it was flexible to use soil water in a
certain soil layer of 0 ~40 cm in the different periods of alfalfa farmland. The corn farmland mainly used
water in 30 ~40 cm soil. During the growing period, the average desalting rates of 0 ~ 100 ¢m in alfalfa
field and corn field were 53.90% and 12.43% , respectively. The absolute difference values of soil salt
were 0 ~0.06 mS/cm and 0 ~ 0. 13 mS/cm of soil conductivity in 10 ~30 ¢m and 30 ~ 60 cm in the
alfalfa field and corn field respectively. The soil conductivity of 10 ~ 60 c¢m in the alfalfa field was
relatively concentrated and more evenly distributed compared with the corn field. In May, except for 0 ~
10 cm and 30 ~40 cm soil layers of the alfalfa field were in a state of salt accumulation and the average
rate of change of soil storage salt was smaller than that of corn farmland. From June to August, the soil
conductivity of 0 ~100 ¢m in alfalfa field was larger than that in corn farmland, which was in the state of
salt accumulation. In September, the overall soil salinity of different soil layers in the alfalfa field was in
a desalted state, and the maximum salt storage rate of the soil was —15.31% . As the depth increase,
the change of soil salinity was increased first, and then tended to be stable. However, the overall soil
salinity of the corn field was in a salt accumulation state. The change rate of soil salinity was the largest
in 80 ~ 100 cm soil. Therefore, replanting alfalfa was beneficial to enhancing the groundwater use,
reducing evapotranspiration ratio, and inhibiting soil salinity. Changing and increasing forage yield
(feeding) and developing alfalfa planting was beneficial to the local salinization of fields.

Key words:; alfalfa; water consumption of fields; potential of water sources; contribution rate; soil
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Fig. 1 Variation curves of rainfall, groundwater level and
ET, during growing period

1.2 RIEi&it

PSR A0 T A R o BT R IX) 4, K b RO
Bl 918, A K JH W K AR ] (120 ~ 150 d) o E & R
FAN T 4645 ATHE 15 em, #5 Fit 22,5 kg/hm® 5 £ oK
R AT 450 mm , £ B 300 mm , AS 3F£7 7 1 i 56
F 2017 AEHF R, E AE PR AR BRCA 2R 2 4R, lER Ak [
S AH SR P b B T ALY O 35 mox 20 m, ] % E
L5 m /N /NEEZE N E S AR (MX) , Gl &
KRACH (YM) |, bk by J& 38 3% 1 m ZR ¥R, B 1k DY
JEL A E A M D 465, K 3R B 3l M ST AT T VR P
FiAT M He v (] 057 22 8, 5 AE A K R [R) | E oK
AT 5 K A H A TR VK R B OK W K
P (7] 442 B 4 iy 8 9o i K B ) 2R 47 9L 43 8k 5O
20 H6 H22 H.7 H8 HX8 5 H,H4 kuEK,
BEURHE K E R 105 mm A4 F WL HE /K 420 mm,
Fok 3 RS i A R BB, 2L b % 140 kg/hm® | R
210 kg/hm’ ; 1 15 o ZAE AR 8, S bk, B AEAE 1 K
it AHH ) B I 5 AU . 55 2 K K5 3 /K M Bk

[l Bk 38 4736 A0, 3B AR N 200 kg/hm® 15 1£ 4] 1
wXE R 3 #(6 H 21 H.7 A 26 H.9 25
H) s FRTEAIH (9 A 25 H) #17 0k

1.3 MENBRAE

1L.3.1  :FEREE NIE

SR U R B4 0 (HOBO —
U30 #Y) B3R, EN 1T h RE 1R, RELKRE
ALFE AR R A B K BHER AT KRS

R KA EE R X E A Bk L1 (HOBO
R) B 6 h {01 R, i s B A K AR R
K AR T B

3K A P A b e v ] 43 0 2 5 80,120 ¢m
PR LA (AT, B 3 d il sk | s AL,
TR B I TR RIS O, B 1 d oAl sk 1Ak, B )R
09:00 ] T35 1T Kb 45 5

PR 0] 25 & B4 < 36 b B o ) 5 — AL T
B B RS ) AR 7 1 B R] 25 D &R 4 (R
5 LYS20 R (0. 1 g) , >R A ok B A% R g Pk i+
FEH Ko B A Ak, K R MR T B 314 em® 4 2 h
H st 1w,

YEW B I &K% o R EC: Uk
“STTR AT SRAE VB IRIUREE R 3 K, 10d 24
HORE 1O, E /K B TR RIS 0,0 ~ 40 em % 10 em B
F£,40 ~ 100 cm % 20 em HUFE, &K HHEAGR
TR R SR AERE T A, i 2 mm 5 4%
1+ 51 7K J5 5 b TR A TR 1 SR 4, >R T DDS —
307W AU R AU GE o A g /N DX ] R —
HR L PH 2 1 BE B2 28 | 2R 77 1 8 gl ok R W4 (R
5 :Fleb —30c, /KKK : +4% ), 47 38E 2 & K
FEWEI B 1 h gl s 1 YR, W8 FiF 2 AT bR E (B
T3 AR AR ASCA I 7 1Y) 8 5 K R T Rk I E 1Y
T E KR W8 K bR e 4, EAT AR OGS
Br) o

AR R WO S oy i T H R R e A K
BB CHAE 50 2 AT W, BOK 3O -0 )
Kot K, 3K A AR AR R BN, - B 1 T K
Gy E T TR AT 3 UCHORE, A A
KA W R IS Ol o BUCRERS ] 43 50 6 H 24 H |7
A 11 H8H9 H, 45 FERTHEWE K S KA
0 ~100 emAs[r] 4= )22 £ 3K | TR FE 15 1) 25 58K FF
b, MRS 3 ~ 4 PREE MR 5 cm B ZEFF, T IE
IKBUFEEEE N 0 ~40 em & 10 em HUEE .40 ~ 100 em
20 cm HURE B R R ST A 10 mL 37 58000 %
2°C vKAR B A7, 1a] 3 25 P ] L2 il 4 R 48 S it B i+
SR 53 PR W) 223K 43, B Ja A 2 mL A fof iR 4T
R T R SR Picarro 12140 — i 76 3 &5 8 JiF



294 & Ml

U

2019 4

WA K TR A AL 2R 23 A A AT SR R = g
ZALEEIR 8D (5 &) K R 0. 04%0/300 5,80
4 0.01%¢/300 s, H" O B4k LT 0. 015%o.,
1.3.2 RHFEKEITTHE

- KR AT T RE , 23 S AR A M Bk
HpE] 3% 80,120 em AR 6 1, 3% 5 B b %% 100 cm
Ab S VEPIAR R 2N 1 A AR S A e B = P iR
BHIEDRRBE &K S5 R AR E
RN KGR SBRE. HHEAN

Y2 =¥

% T3

D= -k, At (1)

KX D—— il T 100 em $1 5 F /K E, mm
—80 cm 12 K EL T H, cm
,,——100 em )2 T IEK I # em

80 cm + JZVEE ,cm

100 cm + )2, ecm
k,——dE 0 A1 13 5K % em/d
Ar—f a2 K, d

KK B A TR R B & H FEK & TR A

XN

2

2,

ET=AW+P+1-D-R (2)
K ET—— R M FE/K i, mm
AW——0 ~ 100 cm + 3" /K2 {k & , mm
P——A7 %K% W i , mm
[—E B, mm
R—7& it & ,mm
Y DEHNIE AWK EERZSEW,D HHN
B, R K ) kb 4 5 B ]G XK R AR Rkt
BT, M ETAR R A R W] 2B AN T — Al P <
5 mm Ky JCRIRETR , B R 055 mm < P<50 mm B,
W R BN 1534 P >50 mm B, FERTRECR 0.8

Wz Rk LA E R R A
~ 314 (3)
T =ET-E
A E——# Rz k&, A m AR oK e 4k
&, mm
T ZX B, mm

AS—=2h N L HE T B i, g

1.3.3 ¢ AW AE K IR 5Tk %R

I X R, 28 ki EL,6 H 23—24 H A&
FEF S 9.4 mm, HHEKE 9% ,7 A 11 H & 8
F9 HBURERT G JCRE T, 04 R 7 300 2 1 45 R o
et T XA 0 1) DT MR 2R R 2 AN ) AR ) W R A TR
WA 43 A7 4R EH 25 V8 E 7K U BT R 258 I e T 22 o
50 DX R FH b 1 VR G L K 40 R RS - OWEE K . @K

DB AT IIL R K, PR R W, 0 ~ 100 em A
JZ2 L HOKRAEY K 3 R IR . ORILGEH TR, 17 b
s MBI =, SR AR A AR K oy ok
Wio KA VELEKTE 8D 8" 0 fE #ii A TsoSource 7 ,
BT o ok PR B 1%, Ui RIF R RN
0. 1% o AR R AR IS ] £ 37K 8D 8" O HEATAH K 4k
VI B W S I R OO R P S T N S A
LT 8D TR ) £ )= K o B TR e

F1 REBEERE LK Py, P RE RS

Tab.1 Correlation coefficient between P, and P, s,
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Tab.2 Water consumption in alfalfa and maize fields during growing period mm
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Fig.2 Changing curves of soil volume water content in different soil layers during growing period
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9 A E e A T A K AL AL R A X 8 H 5, 3
60.77 A~H 47 55,60 ~ 100 em 3 0 ~40 em + HEfE K
AP T 16. 15 mm i) R AR B - S i K A2 fb
BAAXE 8 A, i 72,03 A r AR AR
N H 0~ 100 em 3 fiff K &8 28 {0 & HEAT ¢ K4,
U A i AR P A K 7 A R OR A T 2 ek

£3 BATRRLTELEMKEEL

Tab.3 Variation regularity of soil water storage in different soil layers in different months mm
+ 5 54 6 H 7H 8 A 9

W/ em MX YM MX YM MX YM MX YM MX YM
(1.02+ (-0.53+ (4.53z (515 (-4.29+ (-10.75% (-7.15x (-7.54% (-8.13x (-2.68x«

0-10 0.04)¢ 0.18)° 0.18)° 0.29)" 0.33)" 0.02)° 0.21)° 0.44)" 0.31)° 0.11)¢
(-1.57+ (-2.42+ (4.65+ (-0.33+ (-7.59% (-7.04z (-6.04x (-84lz (-537+ (0.65=

1020 0.06)" 0.19)" 0.31)°¢ 0.25)° 0.22)°¢ 0.10)" 0.01)¢ 0.29)® 0.34)" 0.03)"
(-0.84+ (0.41 = (5.29+ (-1.41+ (-9.11 =+ (-6.96 = (-4.97+ (-11.84+ (-500= (1.38 =

2030 0.03)° 0.22)" 0.37)" 0.20)¢ 0.20)¢ 0.02)" 0.06)°¢ 0.28)< 0.48)™ 0.06)*
(-3.85+ (-3.85% (3.53+ (-3.00x (-10.67+ (-8.19z (-3.57+ (-10.64+ (-4.23+ (-0.73+

30-40 0.16)¢ 0.14)¢ 0.44)1 0.15)° 0.17)°¢ 0.16)°¢ 0.12)" 0.33)" 0.43)" 0.03)°
(3.43+ (-2.00% (-7.59% (0.45+ (-540x (-9.03+ (-6.33x (-11.05% (-11.06% (-6.98=

40-60 0.14)° 0.31)¢ 0.22)f 0.26)" 0.45)" 0.08)¢ 0.02)¢ 0.37)" 0.45)° 0.29)"
(4.27+ (-1.49% (6.17= (0.50% (-12.00+ (-7.35 (-7.38=% (-12.62% (-12.90% (-6.22+

60 ~80 0.17)" 0.25)1 0.49)® 0.30)" 0.53)" 0.06)" 0.02)° 0.30)4 0.52)" 0.25)¢
(6.05 = (8.18+ (-3.56+ (-9.04+ (-9.95= (-1.64 = (-0.39+ (-14.62+ (-10.91+ (-6.88=

80-100 0.25)® 0.15)* 0.41)° 0.02)f 0.45)°¢ 0.33)" 0.37)* 0.07)° 0.60)1 0.28)F

B%(p<0.05),
22 BMHEEEREEKERHETUNEMCE

S

A B A 38 P A7 K S 2 H T K Sl R K A
b, B A AR YR R, VR A K, & H
WO ] 42 27K 53 58 45 00 %6, R B 0 bE vk B AR
RS WL 2 0K 4r, B 3 O R K 5 ZEEK
3D XTLLIEl . 6 H 24 HHUH, HAfE AW\ F KK H 1
sk 8D 4 B CH - 79.12%0 ~ — 63.08%0.
—=120. 04%0 ~ —62.79%0; B & 42 H 20 ~30 em + 3
7K 3D HZEERIK 8D A —A4~38 5,80 em + 3K 3D %
I F2EEK, R E AR AR K R BE ] MR ; £k
42 H 20 ~30 cm 30 ~40 em +HE/K 8D 52K 8D
YA m (K 3a), 7 H 11 HERE, B4 H .
ok A WO+ 8k 8D JE H 4r BN -99.99%0 ~
~53.58%0. — 108.41%0 ~ — 67.20%0; J v & 7% 4
H EARAHO ~10 cm 13K 3D 525F8/K 8D #44
A, Ul B TR 2 A HE S KRB I, A S Bl AR AR i
FIA s KA H 30 ~40 em + 387K 3D 5 ZE#7K 8D
P — 12 s (B 3b), 8 9 HEHM, HfE4&H .,
F oK & W A 18Kk 8D 3 FEl S -100.38%0 ~

~36.40%0 . —102.25%0 ~ —59. 67%o; Horf 1 75 4k H
80 cm 17K 8D 5 ZEF KA — A28 A5, i E KA H
30 ~40 cm 37K 8D 5 ZAFKA — 28 A (Bl 3e),
AT LLE Y, oK AR AN [F] B ] 30 ~ 40 cm £ 387K 8D
5253RK 8D ¥y 32 A5, T E AE AR H A [R) B ) A 3
7K 8D 5 ZEF K AE IR EE AN IR, R E gk WY -
HOKF A EA R, ERRH S 5OKAHEA —
S B 1] PE , EZER ORI 30 ~40 em 3K

R T 25 o B A I AN TR B KR A
1], F 1 TsoSource #4571 7 5 155 A [|] SR A B [8] A [F]
+ 2 R HOKTTERE E 4 iR, R EER IR )E
T (KT 40 em) K DTRR S 3 Ea #, A\ L2
TR R A TR, 6 H 24 B, B 15 & B AL S A
F120 ~30 em +3EK 5, BTHRE R 78. 10% , i 3
THA )2 (p <0.05) s ERAHLFHAI O ~40 cm
Ky, TRl R AE 16% ~20% , % 20 ~ 30 em, H
fb 2 EHOKTTIRE LR E 225 (p>0.05), 7 A
1 H,E#ERMO0~10 cm K TTERR B E & T
Hofth )2 (p <0.05) , KTF 40 em 3K 57 ik K48 6
HARE 6. 1% ; £ K4 M 30 ~40 cm 3K 57 kR 45
6 AR 20.1% % 40.6% , B % m FHM+ 2 (p <
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Fig.3 Comparison of 3D values of soil water and stem water at different sampling times
or
L 8sor T E0~10 cm B10~20 em M 20~30 cm [430~40 cm B 40~60 em N 60~80 cm @ 80~100 cm
=
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=
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Fig. 4 Ratio of soil water use in different layers at different sampling times

0.05), KT 40 em 4 2 HHEKTTEk R 6 A&
2.2% s B g R HIR)Z H UK TR 5 B KRR H R &
Feldek, 8 49 H, B 454 B [a] % B 1 K 57
kR[] 22 SN B AR AR H 0 ~10 em £ 3K STk R
H24.10% , 2 3F 5 T HAL )2 (p <0.05), KT
40 em 42 HIEK TTER N 40.4% B 6.7 J1 T
Hgm 26.25% , LW ZEEAE KT EFEE TIREZ; &
KA¢ H 30 ~40 em +HEKF] A EL 6] B3 T2 AR 2
(p<0.05), THkFH 37. 10% , HoAth 1 2 /K 43 53 ik
R oA, F B BT ER N 10.05% , KT 40 cm
)2 K TTRR A 29.8% , 8L 6.7 H 8 m
6% . W H] 4fE B 2 1 AE HIK 0 4B 34 18 TR )2
H Ko, E AR AR R 2 (K F 40 em) K Tk
R E AR AR R B OR, IRZE A KA T
R E

A ] B R] A A= 3K K A bl R K T Rk
Mk 4 Fram, iRl F, 5K H 0 ~40 cm 40 ~
100 em -+ 38 K 5Tk 4> 5k 3.18% ~ 34.02% .
1.21% ~25.74% , E K4 H 0 ~40 ¢cm 40 ~ 100 cm
+ 43K Tk 4 Bk 25.69% ~35.31% 24.47% ~
28.96% , 15 A< FH 1 /K BTk A8 EOK AR H 22 5 4%
K, AT RESE B 18 AR 3 6 AN [ 4 J2 09 7K 43 W lie ) Y
RIEMEE, 8 HE 6.7 H , BHEAH . FRKHMN

VEWE K 55 MR K BT RR R WN A AR HOE- 2 ST R
LAY 24.95% 9. 16% , A 4 H -4 51 ik %
35 3.92% (5.33% , # R K BTk T K Al RE
PRIR 208 T 12 D8/ T 380, 78 AR T AS ) B[] 2% 08 7
KR DTk 22 2,6 J 24 H 40 ~ 100 cm - 4
JK TR R 3 = T A K U 5Tk R (p <0.05) ;8 A
9 H 0~40 cm + 3K 57k 3 B2 5 T H AR K IR 51
Bk (p <0.05) 57 H 11 H B 15 4% H HEBE K 570k %
3 T HAK I TTHR A (p <0.05) , EARRHAN
[F] B[] O ~40 em + 387K 57 ik 56 3 W 35 & T Ak
U (p <0.05) , P TTRkE A 31.43% ; FEBE K 5 b
TR TTER A TC % 22 5% (p >0.05) o A [F] i i) Y
T A H 3 T /K STER R B 2 3 T oKk B, 40
0.62% 11.01% 1. 99% , {3 B 4% [ BC R 1 7 16 1T
Xt HL R K 1 TE FE
2.3 MEBEHNRESESHNEZMN

5 HETEARB EARKBEARLZ RS
AL . BT HL AT N EREAR  EORK
AN TR R B3 1 e v 3 5 2 TR 0 bR B sl A2 ke,
60 ~ 100 cm +3EH SR K Tk % T 10 ~60 cm
2o HREAR ERKBEPHE 0 ~100 cm + HEF1
SR8 0.60.0. 52 mS/cm ; YL FKH} 0 ~ 100 cm
TP 2 53 5 Ry 0.27 0. 46 mS/cem , -3 Jii
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Tab.4 Contribution rate of soil water, irrigation water and groundwater at different times %
6 H24 H THI11H 89 H
IR MX YM MX YM MX YM

0 ~40 cm 37K 29.33* 25.69° 3.18° 33.28° 34.02° 35.31°

40 ~ 100 cm 3K 17.59¢ 24.47° 1.21° 26. 62" 25. 74" 28.96"

HEBE 7K 26. 54" 23.92° 64. 05" 19.55°¢ 20. 35° 17.81°

R K 26. 54" 25.92° 31.56" 20.55° 19. 90° 17.91°¢

0~10 em, MX
30~60 ecm, MX €
0~10 em, YX

30~60 cm, YX

10~30 cm, MX
0 0 cm, M\

()

04-30  05-20 06-09 06-29 07-19

H 4
5 HAERHE ERREARLZE LIRS R2 L

Fig.5 Changing curves of soil conductivity in different

08-08 08-28 09-17

soil layers of alfalfa fields and corn fields

SRR K 53.90% 12.43% ,0 ~ 10 em + 5 i £
ROR B, B AR H B R H 0 ~10 em + 3
RN IH 3. 46% 25.17% , 56k 4y 32 W WE itk
UERIZ LR A BEK T g B, B E A 60 ~
100 em + 3 S 4,5 A 13 H.5 A 28 H#R
0~10 cm T HEH B RAH5 0.01.0.15 mS/cm, 4
HFHNERERB EKRKH 10 ~30 cm 5 30 ~60 cm
G R 2 H W 4 X {E 5 2 0 ~ 0.06 mS/cem |
0 ~0.13 mS/em; 54K H 10 ~ 60 cm + e £h 4343 £
BERR A LS B sy, ATk —2 50
Ay i A3 AR AL A, XA FHAS [) B 3OS [ R B 4 3
i Eh m AR SR WMES fin, BHRER

F L oK AR A5 T AS [ O B 49 fith 46 kA8 b R 0
EER(p>0.05), 5 AEfHEAMHEEO0~10 cm,30 ~
40 em )2, A+ 2 H Hefg kB AR b R o B &
KACHT 0 ~ 100 em -3 B 5 fifh 1 748 bR 3 IE
B, R B RERIRE, 6—8 AEMHARH, X
A HUAS [ R B A 48 6 ik o A8 Ak 30 4 )2 b 7U(A
EREARH  FRKH O ~100 cm -2 4 1 £h 5 A
£ 4351 10.69% 2. 05% , 54 0 ~ 100 cm
R A3 A R OR AR AR AR B K, MR R OR AR
HERERE . 9 A, B A& B R 3 B 43 3 43
AR B ERRE 10 ~20 em AR ROCR o, 56K
HE RN - 15.31% ,20 ~ 30 cm i #h RO
2, B3I AL 2l - 6.34% ;30 ~60 em + 2
B8 TR B2 1G4 48 A b i fk 1 i, 60 ~ 100 em
T AR R TR e, P - 10.28% 5 &
KA A 5 R ERIR 25,80 ~ 100 em + 2 R Eh B B
K ,0 ~80 em [ LR N+ HE R ER B4 0 ~ 10 em ¥y
A I IN  8 BH A SEEE I B AR I, A A B R R R
M g b sy R BERRAE . £ H 0 ~100 em 42 )2 + 3
iR AR AT K2 ,5.9 A B AR ok
M 3R AR b 22 R B 3 (p <0.05) , R ek
Tl 4 Xof A 8 43 43 A 1) 5% i 45 )

x5 BAFRELIELEMGHRETHEER

Tab.5 Monthly variation rate of soil salt storage in different soil layers

%

TR 5H 6 H 7H 8 A 9 H
cm MX YM MX YM MX YM MX YM MX YM

(=-27.35+ (25.11 = (53.72 (1.70 = (7.61 (7.79 = (12.44 + (21.55+ ( -12.54+ (26.07 =
0-10 0.45)" 0.88)" 0.12)*° 0.20)° 0.20)* 0.41)° 0.03)" 0.13)* 0.35)" 0.43)*°
(0.87 = (36.88 (22.34 + (1.38 (5.03 (-5.57+ (13.16 (3.96+  (-15.31+ (16.41 ¢
10~20 0.01)° 0.36)" 0.08)" 0.21)° 0.25)" 0.60)" 0.02)* 0.09)*" 0.06)* 0.27)*
(12.72 = (25.90 + (40.91 = (8.74 (3.40+ (-10.92+ (10.68 = (8.95 (-6.34+ (20.72 %
2030 0.21)° 0.67)" 0.06)" 0.17)* 0.10)*" 0.42)° 0.14)° 0.18)" 0.15)° 0.34)*°
(-0.13 (7.32 (38.24 (26.96 + (-3.65+ (-11.481x (4.55=+ (3.75+  (-13.17+ (16.81 =
3040 0.01)° 0.62)" 0.06)" 0.07)° 0.22)" 0.12)*° 0.44)° 0.19)*° 0.06)" 0.27)*"
(4.03 = (1.44 (9.76 = (-4.59 + (2.62 (-2.85+ (0.59 = (1.37+  (-10.04 = (14.17
4060 0.07)" 0.16)" 0.04)° 0.01)° 0.16)" 0.02)*° 0.07)" 0.05)" 0.02)*° 0.23)1°
(0.02 (10.88 = (9.19 (-9.78+ (-2.13x (-1.60 =+ (0.32 (-5.25+ (-10.19+ (16.43 +
60 -80 0.00)* 0.15)*° 0.03)*° 0.01)° 0.17)*¢ 0.18)*° 0.16)" 0.03)*° 0.09)° 0.27)*"
(10.21 = (8.74 (-15.07+ (-10.32 (7.90 + (20.30 + (2.85 + (-0.98+ (-10.36+ (38.81=
50100 0.17)* 0.25)" 0.13)*° 0.05)" 0.17)*" 0.14)° 0.17)* 0.33)" 0.02)° 0.63)"
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3.1 MMEBEMKARKIENEMm

RHEFEAKDS B EEMAIE BT KR K
K ZEW BT HAMAEY , B R HAEKER, KE
KA 20. 17% , 55 KAE/K &M 190. 81 mm, H
i G B B E PTG R A BT R A
VA 3R A G T K, B 88 SRR A A R AR RS R A
B A5 A H TCROK 43 T A D , 8 T i MR R 3
K, A4 B EE K R ASCR4R me PIAR A B IR R
AR KGREN L m A2 A, AT R e R KR AT W
S5 JFEUE S A6 A F 3R R R AR HH MR K R 25 3
78. 40 mm, AEY K 3 ) R B0 AS AR pk F 4 ) o
AR 28 90 A1 R AR 3R 85 13 10 B T 4R R IR /K 7%
P LA B K R TS AR R P RO T
7 N = W S ol SRl et VA S S OB P s
AR 3118 A CRER Y ST - NS
K R AV A K VR R L 9 AE AR 22 5, K R
TG BR A A 15 1 5 T K AR TG R B AR L, RORAR R
85% LI FAYAifE 0 ~40 ecm £ 2,0 ~40 cm
+ 2 HHOK TR B S T H AR R TTER X S
VTR BRSSO KA B 0 R
W . AHIESE 2% B A AR FOR [a] st 8] B £ 38K 59
WK Kty FAKSTHR R A B FHEE2ER (p <
0.05), 7 H 11 HEUFEH 45 /b T35 2 0 A, 4
MR B AR, AR 3 o, T AT R 5 b A S )
WK, S 308 T8 A BV K BTk R B T Al oK
PETTHR R (p < 0.05) , X 5 6 4F 52 21 BF 58 45 1
—
3.2 HMEBENLIEAKSRESHZME

- rpK 3 AR L A2 HEWE FROK PR R SR
SEANER K PR 2R P SRR e R 0 ~
60 cm + 2 - HE 5 K F 4 I 4 HE S K R R
AN UARBIESE AR EVE SR A R B AE AR T O ~ 100 em
B R BE H IR TR K30y Ty B AR A B BERI 2R M
B B B, T R D DRI X R KSR R, B A IR R
A AREEUR , AT AR SR ASCOR] 3 7K R HEZ 60 ~ 100 em
T AR, S EE A R H 60 ~ 100 em + 3 &K
RAACEEE IR . A5 2 N HL Bk 88 2 sk 8
FE AL SR R s Y Pk Ay AR 2
TR B AT E A AR 0 ~ 30 em 38 F1 1 K
SRR S A X G A R K 4y A
0 ~15 cm V& )25 +- 3¢ HL355) 53 16 (1 BF 52 45 S A

- HEER 3K 4y B B U S0, AE AR H 10 ~
60 cm 45 b ARXT AR T H 500 A . HIEA L
Jo AT g 3 T A A TR S A g L B

R LB, M0 9 A8 5, AT A A1 T 48 35
FERSHRE L5 1 E A AK 60 ~ 100 em + Sy
AR, 6—8 A, th T LI 7 A WK A
B R A 8RR AL, He X KA Rk, &2
580 SN 2 S AR T Bl U2 T K Hp ol g R O 1)
Fig®s A EREARH L 0 ~ 100 ecm + 23 1 1
filf th it R B FORAR MR, B BUEIRE . A RA
S i AR AR B TR AR AR AR 3k, Ak AR AR AT 3
TR 2 73 00 09 PV, R A P 4R 13— RE A B DR
A=W 23 WA BILY) B T T A B o0 A S5 L S AT AL
FLOT SN, AR AR BE 00 53 b A A 3 AN B
S B B A ) R 2 R R AR e TR
B A RO R HOK Ar 2E R  RAR T R
SRR S 9 HEAE A H 0 ~ 100 em + )7 4
B R R EHRRE

4 it

(1) 2Rl s 5 A S FE /K i 42 5 20. 17 % (7%
K75 1 1t LT Y {E AR 66. 64% |, b 25 & 5 9 />
6.21% 7% % F #2755 35. 80% | - HE I /K 7% Ak 5 i /b
8.08% Bl s/ 39. 68% T /K X ¥ b 4 B
Hahn 153.45% , F W koR B 45 J5 4 B T ROK 43 18 #E
WD SR T M N K I AR, AR BN E fE A H
0 ~100 em#% + )2 + HEAR T 7K R 8 £ oK A& HAE fk
PE SR BE K, 43y Tl 00 2l B B R R M R R B B, 7
HERARMEO0 ~60 cm + R KFLE U KA
fb, TR 0 ~60 em +3EARF & KKV LA
fbo B WIHNETERE 0 ~30 cm V1 + 85K 43 5
FORAH m B s,

(2) B A B 387K R 7K T K Wl R
G B8 O 170 P 5 KA T O ~ 40 em 4 7K 57 ik %
3 T HAB K I TTER A (p <0.05) , K40 FI HT A
AT, AEEEBAE 0 ~ 100 em 3K, B 1
AR A [) B 0 56 R R JZ 0 ~ 40 em Bt — £ )2
d 3K T E KA R 30 ~40 em 13K

G)AEBTMHEREARB  EKLH O ~100 cm +
HEE- 5 B R 2R 4y ] R 53.90% (12.43% ;10 ~30 cm
5530 ~60 em + HE Ay T 2 22 {H 48 X E 4 B FE O ~
0.06 mS/cm .0 ~0. 13 mS/cm Z [A], B iE 4 M 10 ~
60 cm )2 4 AL T AL R K AR H A X o HL A AR
5. 5 AEAEARMER 0 ~10 ¢cm 30 ~40 cm £ )3,
HA TR ERIDRE, P R B R K E
KAGH /N, 6—8 HEEARM  EKRALH 0 ~100 em
T OV B iR AR AR 00 R 10.69% 2. 05% , 1
fE A H 0 ~ 100 cm - 38 £k 43 3¢ R OK AR A8 A iR )2
KOBBEERSE. 9 AEERHAAR )2 £
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