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1 #REIZE

1.1 R X HEAL

FEA R AE 2020 47 Hk A #Ug T 2 A EUE
SO 25 AR (38° 04 N, 102° 35" E) jf
1To UMK 1504 m, 4E V06 7.7 C, 4
AETCFRINZ 150 d, AEYIRE KA 170 mm,
1.2 fiprR

X - g R R B XY £, - g a2
MR WL 2 15 AR b £ K S AP R S8 335,
i B RO B — s A LR L 1 R B )
o H R 2 A RE R RS A BR A w4, LB
Jif B W AE M R RE, 55°C &1 R m iR R A R BE3

d J& Y A5, U B R RE Sl MR pH 352, &
Bk 12.5 g/, &% 2965 mg/L, B 242 mg/L, AL

11402 mg/L, 7KV Pk M2 13.6 /L F A AL
W2 A LR 114 mmol/L, £ I 14 mmol/L, T4 2 1.6

mmol/L,

1.3 gt

BRI R P FPAS[E] R RV E Y LA S 4 AR TR 5 2
FIF R PIR R Z AT 2R, A LR I
PR E 4 M. CO (0 gkg) . C1 (20 g/kg) |
C2 (40 g/kg) . C3 (60 g/kg ), WIFpHEMEY £ K
mMEiEwiS, ik 8 N AbH, R ER 3K,
4424 41,

B ( EHAE26em, FHA2L em, 27
em ) FRIE 4810 ke, fEIEH N N 0.44 o %5,
P05 1.55 of &, TERGAHT—RYEMA . 25 A2
7 ARSI =43 308 0, 200, 400, 600 g, Hi7E
VEVIHE AR — Ut A T35

I T 4 H 26 HHEM. K208/ 4. &F
Wi 30 K0/ A, MG 16 dGIH R, RS
W EREIR 2 4R/ 4. ST ISR/ 4, TE
KRB G — oK. VEA R I K st 45 i
HRRES, BIRIKE 125 kg, HTIREKIER
BRI

F 1 HEEMEAER

o B4R S R FHHLET £ e e £
s =Sl pH

('mg/kg ) (' mg/ke ) ('mg/keg ) (g/kg) (%) (%) (%) (%)

R 8.3 17.9 5.1 128 2.46 0.017 0.035 2.04 0.16

L4 eI H 57k

IK G378 R BRI R PR E v 5 A it XL
FIT 5 1 mm G B TR, B, BRAOINE, &
0.149 mm i HF 2% B, FL L AL &
A, IR Ty SR B B I e T ik
T A BT R H B R A Ak - Ak I
s IEARS RIS ZE e 1
S A B iR F AR - PRk RIS
HORHERE — SHEA P ERI e, H & &
KRR SN - BT Akl g4
FESCE 1R H RS BRI E
L5 5SS

K H Excel 2016 & SPSS 25.0 #E47 5545 i 1
P AT A B R 2R 5 22 40 AL Duncan 7 2§
& ((=0.05); JH Origin 2018 #7424,

2 HBRE5HH

2.1 [V B D R A R
M2 Faf IR R, AS[R] B3 B0 R
RGN E] R R ER P RAR T, iR

T BN S ORI R R ST R R R
A, FE C1ANEETR B 80RO 17T IR 2550 FH o %)
THREB G R, C3 AT A
B EMLT Co, C1AbEE, WoAb# B Hd 3 4k
PR 54 R 31.19% . 32.81%; HAS ] B 50 HH =
T K AR IR B K
2.2 AS[AIAT HLER - HE 9 HE 0] FH 2 R A K K
I3 7R R R 15

MK T T RS, fEAAREY A K ok
I INZE R EUR B R B B AR . T i
TR EAK, KAZRERUR A A LR TR
FUHE A ML, B R ER, H2E A
Wi R, L 2 17K 5378 iR S AR B AT LB
AN, A HLER 4 8 R 20 gkg B,
C2. C3 AbFRZK 378 KR i i 2 BRI, I35
R 60 ofkg 554 FIK 28 R HIUR SR fik, 76T
EWLE N E KRR EY) EAET CO AbBR ] T
K% 22.43% 1 32.42% . Ui WIA LR 1 HEJH 55 A] LA
FEARVED A KN K 28 R UK, 3 R IR
AKPE, SRS PR R EER ]  AE .
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x2 AEANBIEAEFNAETEDHFHER

i S Tk
Ak
HiE HHER (%) i R (%)
o 26.67 +0.88a 88.89 18.67 + 0.88a 93.33
C1 27.00 +2.08a 90.00 19.67 +0.33a 98.33
c2 22.00 + 1.00ab 73.33 18.67 = 0.33a 93.33
3 2033 2.67h 67.78 18.00  0.00a 90.00

E: RS/ NG FREFORA AL B 22 55 B3 (P <0.05), T,

18
214 2
1i# 12 1
afl &
K g X
W i
= 6 =
Bk , B
K &K
) e % Sk
T 2 5 5 ¢ 8 & 8§ 2 2 ¢ =2 = 5 & § & § g & ¢
D O S S Y S O Y N
(=} (=} (=) (=) (=) (=] [=} (=) (=) (=] (=) (=} S [=] (=] (=) (=] (=) (=] (=) (=] (=)
H# (H-H) H# (H-H)
E1 ARENBIEAEFHAE TTENEKEKS ZRREBLHKRE
20, B H i ok
17.82a 17.17a 18
16.46a 15.77a
16} 15.07b s e
> - 13.83c w15} 14.20b
= —— = ) 14.43¢
I8 12t o8 12p ]
i pas|
K ¥
’ oo #= 9
« po
i ¥ ol
& R
% 4t ¥
3.
0 0
co C1 C2 C3 el Cl 2 C3
Ab3 Ab3

2.3 R[EAAHURR IR i T L3 TR S i

B2 ARENBIEFAEFAETIENKIBRAHLZE
e ERH AR RO R AR 22 5 5B (P<0.05). FF.

ML, AR EYIE LT SR L, 5

Y% 3 W 0L, it FH AT ML - S0 3500 T
EPEE AR S, XGRS, FEPIFED
T, A AR, A R S RS A L
% - 3R R B R AN BT . C3 A BT R
EWIT R, 3PS i A A e FH A 2 53 ) 4
15 167.01% . 300.25% . 74.32% F170.00% . 212.84% .
108.28% Xf HHEARBR MR oK b, 7Eik
USRI T, A MR - R BRI A E A —

PR T e BEFA I 05 T 20 kg I, AT 55 4
THUIA R &Ko Bl & AR C2 AR R 3]
WE(E, AREEAR A MR LI BRI A &, Bl
AR IR, AR5 i AR RS
B, e B S B WA B AT LR - P
PRI . AP S IR A VLR L
SV ARSI E B BT Ea, (HRE Ak
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£3 AEAENBIEAEFAETIEFRSEE
o e ER(A) AR B LA B gl AL
(mg/kg) (mg/kg ) ( mg/kg ) (%) (%) (%) (g/ke)
i co 1070 +2.08b  11.65+032c  74.00 +5.77h 0.026+0.003bc  0.041+0.001a 197+0.03a  4.82+1.12a
Bis cl 1670 + 1.20ab  17.40+1.86c  105.33 +8.95a 0023+0.00lc  0.040+0.00la 197+0.03a  4.96+0.92a
c2 2857 +547a  3497+1.69h  120.00 +9.07a 0.031+0.00lab  0.0480.00la 201+0.03a  4.92+135a
c3 2857+4.13a  46.63+531a  129.00 + 10.02a 0.036+0.002a  0.046+000la 184+0.10a  592+0.80a
Tk co 11.90£120b  14.17+0.75d  68.50+7.79h 0022+0.00lc  0.033+£0.001b  194+000a  2.63+0.12a
cl 16.10 £ 1.04ab 2090 +0.44c 7233 £6.01b 0.026+0.001bc  0.039£0.003b  194+0.00a  2.58+0.18a
c2 2027+237a  38.03x073b  116.67 +8.95a 0028 +0.002b  0.039+£0.004b 197+0.07a  3.23+0.60a
c3 2023+1.17a 44332462  142.67 +18.62a 0043+0.002a  0.053+0.002a 206+0.02a  4.98+0.38a

2.4 AFEA LR T 30E BN R A R
i A AR A

M4, FEARREY T, BEE T
AR LT, R B SOCRIARGR G R
PEARSHAIR] . AERTEBIL b, BT R AR
LU R AT DR - S PR B i S T S v,
o7 LR ER T RCR T i, C3 A BEER CO Ak R

264.18%; WSR2t 42 2R LA Bt I JHR) T 6 ) 4
TR S TR AR 7E C2 AR IAR R K
1, % COAbFREEES 115.83%, EE K b, bl
FUHE T, A BECR ARG s e
TG TR, IRTE C2 AbH Rk B IEAE; 1M
BROT A B o L DU it 2 8 PR R B T AN

o

F4 AAEVNBIEREFASE TTEFTUF AL (%)

1E#) bR A i ap
Hi s Co 4.17 £ 0.67h 2.82+0.11d 0.38 +0.03¢
His cl 7.21 £0.69ab 4.30 = 0.40c 0.53 = 0.04b

c2 9.00 + 1.29a 7.28 +0.30b 0.60 + 0.04ab

c3 821+ 1.71a 10.27 £ 0.31a 0.70 = 0.02a
Tk co 5.48  0.83ab 428 +0.35b 0.35 + 0.04c

cl 6.24 + 0.64ab 5.40+0.27b 0.41 +0.03be

c2 7.28 £0.83a 9.88+1.13a 0.59 + 0.06ab

c3 4.69 +0.35h 8.43 +0.48a 0.69 = 0.0%

2.5 AR LR 30 5 & R R 3eh &

FE S T LIE B, BEE A LR L35
EREE, HEEPRREE T ST BEE T
TR EEAL, HEEPRRERE T, &8
T BB T LA RN S T i B A LR 3
MR THEA R S . T C1 A T
5 A it A MLR - S E B Y CO Ab B AR 4
sCEIS BT, A S T IE S Co. C1 &b
P4 ER SRR, M C2. C3ALFE R dh A
BT, (BASFE LB E] 4 Eh 5 w25 AR F i
FIKF S

2.6 AS[AIAT HILR 4 HE 8 #5008 RO 25 AR
( EBGT 5 HT)

XA R A AIUER 338 R B0 F i KW 4 R
FIPIRVEY B . AR . A . AL
A . S, IRREMR . JE T, BRI,
PEST . BEET. MR, BT mEEdt
15 MEFR AT EAT 8T A EORRIE E i -
BHRECH I E a5y, BEUTTHRE 55N 94.98%
M91.56% (£ 6), AR T HAEEHRNEER,
PR e ] AR 9 = B S R MR - 8 B 55 P
PV IEA T AT A TRV o 2 far (L% R/ N X g 4
T X A I 2 B 53 B M) ) S P, A 3EAmr (B3 v m
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x5 TEANBIEIEFNAETIHEEFTREHEE

HCO; clr S0,”

Wy A
fn (g/ke) (g/kg) (g/ke)

Mg™* K Na* 2

(g/ke) (g/ke) (g/ke) (g/kg) (%)

Fok Co

0.262+0.017b  0.151 £0.027a 0.374 £0.070a 0.128 £ 0.025a 0.052 £ 0.009a 0.022 +0.003¢ ~ 0.110 +0.009b  0.110 +0.012a

Cl 0.293 £ 0.009ab  0.148 + 0.012a  0.392 £0.035a 0.113 £0.009a 0.051 £ 0.005a 0.024 + 0.002bc  0.129 + 0.005b  0.107 + 0.003a

C2 0.322+0.005a  0.177 +£0.021a  0.240 £0.048a 0.090 £ 0.010a 0.043 £ 0.006a 0.033 +0.003ab 0.163 +0.014ab 0.117 +0.012a

C3 0.306 £ 0.005a  0.242+0.048a 0.276 £0.062a 0.108 £0.017a 0.047 £ 0.005a 0.038 £ 0.004a  0.220+0.034a  0.127 + 0.015a

Fid Co

it Cl1

0.296 £ 0.009b  0.154 +0.006b 0.480 +0.083a 0.150+0.012a 0.077 +0.012a 0.025 +0.007a  0.137 +0.028b  0.130 +0.011a

0.296 £0.018b  0.171 £0.016b 0.408 +0.050a 0.130+0.010a 0.065+0.011a 0.034 £0.003a  0.132+0.012b  0.127 + 0.007a

C2 0.285+0.019b  0.272+0.029a 0.472+0.035a 0.117 +0.007a 0.081 +0.006a 0.038 £ 0.004a  0.252+0.017a  0.153 + 0.003a

C3 0.363 £0.021a  0.260 +0.021a 0.396 £0.123a 0.122+£0.029a 0.063 £0.011a 0.040 £ 0.004a  0.249 +0.014a  0.150 + 0.010a

DIES]: %P R+ EAME ERKDE, X PC1 BTk
BRBEHAE . AR, R, 1. J8
T M. A, AP, 2R, X PC2 TR
KIZESE T ST AR, B8 XX
Yt FAMEETE B EORYL, X PCL STk KA A
BoE . BAL. . 2R, BT HET.
BES T X PC2 DTHRE KRB T iR i g
T . e mIRERE T AR

E— 20 AR Iy 45 32 B0 o (E FARR AR A (3R
7. 8) FTLASFEI F AL RRIE I i, B ZnT LA E|
FRT I F R

Tk

Y ,=0.266X,+0.289X,+0.292X,+0.266X,+0.262
X +0.258X+0.269X,+0.227X+0.270X—0.249X, —
0.194X,,-0.225X,,+0.291X,;+0.285X ,,—0.203X 5

Y,=-0.227X,-0.077X,+0.016X+0.260X ,+0.245X s+
0.222X,+0.244X,-0.376X+0.241X,+0.232X ,+0.473X, ,+
0.384X,,-0.027X,5+0.117X,,-0.260X 5

i Wi

Y,=0.297X,+0.311X,+0.292X,+0.256X,+0.287
X;+0.245X,~0.200X,+0.217X+0.286X,~0.154X ,,—
0.262X,,-0.098X,,+0.286X 1+0.284X,,-0.299X 5

Y,=-0.146X,+0.017X,+0.011X,-0.284X ,+
0.049X+0.325X,+0.370X,-0.342X,+0.213X+
0.419X,)-0.146X,,+0.492X,,40.004X ,,+0.206X ,—
0.096X 5
Aob: YR Y2 53 5 3R8 & F L4, X1 ~ X15 47
AR A . AR R, AL, A
. 2. IREAM., HET. mRE. 5
T BT HET. WE TR

PR TR P TT R E R L R AL, 256 A

] () 32 B o3 FRak = nT DI B2 A AN R h
Tk
Y=0.171X,+0.214X,+0.231X+0.252X,+0.246

Xs+0.239X,+0.251X,+0.116X+0.252X,-0.157X o~

RO EMSHIEE. RHMERRATEHE

5P S TEGE
iH
PC1 PC2 PC1 PC2
FEIE(E (%) 11.77 2.48 10.30 3.44
TR (% ) 78.45 16.53 68.66 22.90
ZRTTRR (%) 78.45 94.98 68.66 91.56

e PC1 A PC2 40l 3m a4y 1 MERSY 2. T,

®7 RPEEXRERDHEEOERFERE

. T ) FHIERE
PC1 PC2 PC1 PC2
X1 0913 -0.358 0.266 -0.227
X2 0.992 -0.121 0.289 -0.077
X3 1.000 0.025 0.292 0.016
X4 0912 0.410 0.266 0.260
X5 0.900 0.385 0.262 0.245
X6 0.885 0.349 0.258 0.222
X7 0.923 0.384 0.269 0.244
X8 0.780 -0.592 0.227 -0.376
X9 0.925 0.379 0.270 0.241
X10 -0.854 0.366 -0.249 0.232
X11 -0.666 0.745 -0.194 0.473
X12 -0.771 0.604 -0.225 0.384
X13 0.998 -0.042 0.291 -0.027
X14 0.978 0.184 0.285 0.117
X15 -0.698 -0.410 -0.203 -0.260
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0.074X,,-0.113X,,+0.224X 3+0.243X,,-0.202X 5
ik s
Y=0.237X,+0.181X,+0.203X+0.111X,+0.208X s+

0.243X,-0.052X,+0.071X+0.245X,~0.010X ,,—0.213X,,+

0.045X,,+0.197X,,+0.242X,,-0.227X 5
RYGLE AP, AR FEAEERZE S TR AR5

9P, TERID L R B PR VEYAS [ AL B

853449 C3>C2>C1>C0, 543 Bl & A HLIR 35 4

FEF B B TH A4 55
#8 Rt HFEBRTTMAFFTEEBRIBERS

27 [ RFIE AL
E|
PC1 PC2 PC1 pPC2
X1 0.952 0.271 0.297 0.146
X2 0.997 0.032 0.311 0.017
X3 0.937 0.021 0.292 0.011
X4 0.820 -0.526 0.256 -0.284
X5 0.920 0.090 0.287 0.049
X6 0.786 0.603 0.245 0.325
X7 -0.641 0.686 -0.200 0.370
X8 0.695 -0.633 0.217 -0.342
X9 0.919 0.395 0.286 0.213
X10 -0.494 0.777 -0.154 0.419
X11 -0.841 -0.270 -0.262 -0.146
X12 -0.316 0.912 -0.098 0.492
X13 0918 0.008 0.286 0.004
X14 0.913 0.382 0.284 0.206
X15 -0.959 -0.177 -0.299 -0.096
RO BREBLEZEEFS
Gy
b3
EEP/S MEBL

Co -2.62 -2.58

C1 -1.92 -1.57

Cc2 0.97 1.69

C3 3.58 2.46

3 g

3.1 ATHLER e BRI L AL T 52
WD % B R, IR0 5K, Sifain

W, PRAKORIERE 25, Joikis R AEY AR KRk e
HAE MRS R E R U AR R,
BRI LD . g LB AR SEA L
YhE, HEFEEWE. B 8. S5 cE, A6
P22 S B 7 A S T LB R e 1
MAERSF AR T AR R I, Kbt
it A MR H IR 5, HHEERSS R R
b, X R R S E R U, X AT REE
P A e A, A HLER R EE R R
R o AP e ma v, B 3 i A R
S VIS AR [ 2K 2 g R A o D A
GIRTFRERES, eSS SRMEW B AR T S
FUR L T A My s P AT 6 0 e AL
Erm WA A VLR T35 B a0 S I B
T
3.2 A HLER IR X 7K 4 7% & B )R )
AWFTERZIR, KD il FHAE Jo 457 3% ol 24 1) - 3
FUURR IRV PR 5, TCIS R iV E Y 2 i T Wi 5
IR K, AT DL R K N KA 78
WK S, DA A LR S R FH A T
AW R . X ATRE SA PR TSR BERR AT DIt +
SR LA SR A e 4 5 - SRk e A 56 12
3.3 MR R HEL R B R A R
Fh—F- W & M i R e e AR KRB
SREYBE T A LR SR B AT DL A
HHEAE T . BEAOK 28 R HOR , (B B bl 145
A LR 3R B S T BT e R R
aF X0 Be-5 A HLER - e A0 i FH AR A £
EPEAH . TETAMAFREER, Siiha
B E R REY N R, XTRE 53BN
BT I EAE A P H R
b A S B I AR, AWREN, 1By
X R A — o A, AR RS S X
UK b P, A ISR PR R M
R 450 R IR T LR HEVER 2, X5 A
T ARHR BEAE I . vk BEAM R A 25 SR — 20 T
ARIA PR B e T A s ARk
R IRIR AR E T AT WL
B HEftaaRe R, XS A YR R
FIH R RN AN S &2, B EEREZ S
T, WHEF. BT S8 T RRRE TS5
S R SR A TR T AR I, R TR
fRRAR . BRI SESR R, T BT
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HWET . R T HABR R EATE, XN
ROLGEMEMER, BN ERE, 2
TSN, HYRIABER AL LR Al
RERNID LA —FRBEAGIE L3, IR
2, FEAENI - ERERIEYIS R E . S —
77 ThIAL T BB AT BILIR - M R TR A 2 A
T3 A SR Ry S B A 0 S R a1 B 5
HIENE 4 PO R S N = 2
(R FH 3 HURR 3RS, R Y
WEEE . R TR M B BB A T 255 o)
Prids B, BEEHHR RS, e Tr A
fewe DI, KA ATLRR b3 B0 i 305 %
RETVEY) A R AR s 3 U, 98D i 8
IIHEA, TEHIRCR AT REE LT

4 Z5ig

IR e FH R B ] DL 35 R AR A A
IKPHIZERER, WERE IR R . B #5R
A, IR APLTCS ER A R e a0, N
RORAEARIR T BB 5 A HILRR (1498 2550 ]
AR LG, TP SCLL T 5L HSCR B
Ho EORBHAE B0 B4R R PR AT 450 R 5 iR
oAb, AT WETHEAERT, I
R BT R AR SR, (HA 8o
Xt 15 MERAEATEE G T, K BHLES PP ik e
it IR R R P iR e PR, A R
PR R A DU TS B R S RS, ke
TR A KR B Ut ok i 301
A, il HRCR ATREE LT
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Comprehensive evaluation of different quantities of organic acid soil conditioner application in aeolian sandy soil
CUI Heng" > *, BAO Xing-guo" > *, CHE Zong-xian" >, SHAO Li-ming*, CAO Wei-dong’, BAO Lin®, HAN Jie-
rong’, ZHANG Jiu-dong” > ¥ (1. Soil and Fertilizer and Water-saving Institute, Gansu Academy of Agricultural Sciences,
Lanzhou Gansu 730070; 2. Gansu Scientific Observing and Experimental Station of Agro-Environment and Arable Land
Conservation, Ministry of Agriculture and Rural Affair, Wuwei Gansu 733017; 3. National Agricultural Experimental
Station for Soil Quality in Liangzhou, Wuwei Gansu 733017; 4. Institute of Waste Treatment and Reclamation, Tongji
University, Shanghai 200092; 5. Institute of Agricultural Resources and Regional Planning, Chinese Academy of
Agricultural Sciences, Beijing 100081; 6. Gansu Chinai Bioenergy System Limited Company, Lanzhou Gansu 730070 )
Abstract: Aiming at the problem of poor water and fertilizer retention ability of sandy soil in northwest China, a pot
experiment was conducted to study the effects of organic acid soil conditioner on soil water and nutrient status and the
emergence rates of common vetch and maize planted in aeolian sandy soil, a kind of barrier soil in northwest china, under
four different conditioner dosages (0, 20, 40, 60 g/kg). The variance analysis and principal component analysis were
used for comprehensive evaluation to provide theoretical basis for rational use of organic acid soil conditioners to improve the
physical and chemical properties of aeolian sandy soil. The results showed that the contents of soil available and total nutrients
and the proportion of available nutrients were significantly increased under the application of organic acid conditioner.
The contents of soil hydrolyzable nitrogen, available phosphorus and available potassium increased by 167.01%, 300.25%,
74.32% and 70.00%, 212.84%, 108.28%, respectively, when common vetch and maize were planted in aeolian sandy
soil with 60 g/kg conditioner dosage rate. The total amount of water evaporation loss in crop growth period decreased with the
increase of soil conditioner dosage. When the dosage of conditioner was 60 g/kg, the evaporation losses of common vetch
and maize were significantly decreased by 22.43% and 32.42% compared with those without conditioner. However, the
emergence rates of the two crops increased first and then decreased with the increase of conditioner dosage, and reached the
peak when the conditioner dosage was 20 g/kg. The results of soil salt determination also showed that in addition to beneficial
elements such as potassium, calcium and magnesium ions, sodium ions and chloride ions also increased significantly with
the increase of conditioner dosage, but the difference in total salt content was not significant. The principal component
analysis was used to conduct a comprehensive analysis of 15 indicators. The resulis showed that the comprehensive score
increased with the increase of the dosage of organic acid soil conditioner. Therefore, the optimal dosage of conditioner on
aeolian sandy soil was 60 g/ke.

Key words: aeolian sandy soil; organic acid soil conditioners; principal component analysis



