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AR A REAHE ) B T R RN AT R A3 il A T
S — bR AR AR A R ARSI BRI B A
ok 0L 56 1R 55 D P 24 B T A 3] =N A
DL &7 NG RN E5 o N T2 R i s s
T 20 et 80 4EA, kB RS WA T & ik
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KIRE TN A 194, 75 mm, 4E 3 H BB 4L 2 724. 8 h,
AR 150 d 247, I X HFE 0~20 em + 4
HER AL YR  pH 8. 79, HL 55 856 pSecm’ AT
BLBT 17. 96 g-keg' &% 1. 61 g-kg', A 3B
40.00 mgekg' . HELA 164 mg-kg'.

1.2 ##
HEECHET 25 5 A RS R 6 5.
1.3 FHix
1.3.1 REb&  KHIRE . A AL, A5

TEF WA FE TS . X E 7.0 m, K
4.5 m, 8 5 A, B IR ST R R T A8 4 1T
FEEE 29 0. 2 m, BRAT 2 22. 5 Kk, /N X 208 4
450 #k . IR ILE 7 S Ab B B 6 IR it IR A1
25 it NE Ab ¥R 34t 225 kg e hm™® ZE, 120 kg hm®
BT A R AN R LA TR LR 1.
AL R PR 2 (N 46 %) ; 80 I 4 B R 8 (K, O
26 %0) s #rEE IR A Ak 2= ] (Co H O; « H, O) 5 B IR
M B RS (P, O; 12%)
®1 BLBITRRIBEERE

B {7 .kgehm™
Ak 7 Fr R W AE (P, Os5)
CK 0 0
T1 15 45
T2 15 90
T3 30 45
T4 30 90
T5 45 45
T6 45 90

ey A T2 R e S A oA IS A G S Bl O A — Ik
PR s ZER 1/3 VERIRAE . F & 2/3 7 Bl R
FJE 40 F1 80 d B /K i A 5 # I 7E A K I BE K
g3 4 WA, 2021 48 5 J) 16 H B, & 5 57
R VEE T 7K 2R R R I I A RGN K BT R Ik
DL PR B #5500 006 % . e 1048 38 7 =X A 24 Ml
KH.,
1.3.2 mERB Ak T 6EE LA
B 7 < WCAR B S B A /0N DX 3k O 45348 — B T it 28
FEBE B0 7 28B4, 4 nl 5256 %, H i K
W fif o, 2 f5 FHHEAR 105 ‘CAYF 0.5 h,75 “CHt
TEEEFNETE. TR,

Fea (kgehm™®) =y 3 XN XU BREL/ /N
X & FH X 10 000

Hl £ = Sl — BOAR

R 3R 43 W i I - D HL SO,-H, O, 75
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- PR AR R B A 0 AR S RS /N DX ECE
J20~20 emtHFEZ SR AW pH 24k
BLITT 42 280 AT S50R A5 DL KA RS B A i
BEE RN,
1.3.3 ##ESH B EHE R Excel 2017 Fl
SPSS 20. 0 #4745 #7 .
2 gR5Hr
2.1 EEEAERBOZN

M 2 ] A, By e B IR B4R S A
pHE5 CK b BEM LY L F2 R, &2 &E,
CK kb 38 1% w5 F Ho At e AR Ab B 5 S 6] 7K 57 79 F7 15
B2 H T1IT2,T3T4,T5T6 =2 4 £h & 2 AL
G 0.57 gokg ' FEZE 0. 46 g-kg' , FFIR
19, 30% s E B AE AL FE (T2, T4, T6) AH %I # AL
Ab PR (TL, T3, T5) 4 & & 0 & 5% . 5% 0% K
15.09% ~27. 50 % , i3 W B 4l 42 w5 i AL, 25 488 Jin
+ Ry . A HLTOR 4 AR BUA R, 4% i e
AbER T CK, H B 25 Fr 8 IR it B /K 7 09 38
EQUNER L I DO O I [ |
2.00% ~15.10% H1 1. 40% ~6. 29% ; i £ AH 7]
TG R A [ B AIEL i P = R, B0 T1 fn T2 Z )\ T3
A1 T4 Z i) T5 f1 T6 Z [a], 45 HLT A 4 & & A8
AR AR &, 25 IS AR FAE [ CK 1y
WEERG, Kb DUs A i R 4 38 TS5, T6 & i i
¥R 52,46 mgekg!, L CK #1102, 55%
Eb AR KT A A T b B P 35 318 i 40. 68 %, R[]
VI A5 T Kb B () S R0 B o B R TR 1Y) B
Jit » A It R AV B #, ASF-34 188, 83 mgekg ! [
iK% 154. 66 mg-kg', FEIE L F] 18. 10% ., +HE
i TR R VB A PR A, A L CK, & 4b 3
A BB . DA o A T Ak B G AR fe B R
2.2 FEMFHM RS R A G

i 3 nl L A6 CK 4 3, F 35 i F
AR BRIR X TR N L 3 0E 4 0 R 6. 28 %0 ~
10.63% .2.70% ~24. 32% F1 2. 60% ~13. 54 %,
o ¥y DL A7 A R 5 v A 4 O 8O B AT AL
BB IR SR Al ik ) 2.0 29% ., 0. 46% A
2. 18 %6 s AN R Fr A2 i Ak B B] o i 25 7 A6 1 it FH 2 119
B G BAE E  EA E BE N s A ) A A R
Ab R I A i A Bt P 03 22, LB LB SR AL
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BN A% &

AEALFE 2 = T CK; 45 it A8 4 B 2 &), DL & Ay
16 % T vt v e I Ak R 6 90 B 47, 35 % 0. 89, 0. 18

F10. 84 ge k™ AH L CK AL 4> 2 7% 67. 92% .
100. 00 % F1 71. 43 %,

2 FAEA/ELEELER

e oH &dh/ HHLET/ LR/ R/ BRALH/ R/ AR/ AR/ R/
(gekg!) (gekg™) (gekg™) (mgekg') (mgekg!) (mgekg!) (mgekg!) (mgekg') (mgekg!)
CK  8.49 abc 0.66 a 16.03 ¢ 1.43 ¢ 25.90d 136.00 d 3.99 ¢ 4.53 be 1.00 ¢ 1.51d
T1 8.46 be 0.53 ¢ 16. 48 be 1.45 be 45.43 b 191.66 a 4.52 b 4.42 ¢ 1.12 b 1.90 ¢
T2 8.53 ab 0.61 ab 16. 35 be 1. 48 abc 35.15 ¢ 186.00 a 4.49 b 4.54 be 1.12 b 1.65d
T3 8.47 be 0.49 ¢ 16.89 b 1. 49 abc 34.81 ¢ 169.33 b 4.57 b 4.46 ¢ 1.13 b 2.49 ab
T4 8.55 ab 0.57 be 16.92 b 1.50 ab 33.75 ¢ 155.33 ¢ 4.40 b 4.49 be 1.13 b 2.33b
T5 8.43c¢ 0.40 d 18.42 a 1.52 ab 54.86 a 154. 66 ¢ 5.22 a 4.84 ab 1.26 a 2.62 a
T6 8.58 a 0.51 ¢ 18.45 a 1.52 a 50. 06 ab 154.66 ¢ 4.81 b 4.90 a 1.21 ab 2.52 ab
W B B 5 R ) /NG Rk R R R [ AL BRI 22 5 1 3 (P<<0. 05), T,
F3 AELEHIFEMFFSBRECRKRR
Fe by &t/ N IR WMCR/ (ge R

Qb3

CK 2.0740.00d 0.37£0.01b 1.9240.08 d 0.5340.02 f 0.09%0.01d 0.49240.00 f

T1 2.20740.01 ¢ 0.39740.02 b 1.9740.03 cd 0.647+0.03 e 0.11£0.01 cd 0.5740.03 e

T2 2.21£0.02 ¢ 0.44740.03 a 2.072+0.11 abc 0.792£0.06 be 0.15£0.00 b 0.74=+0. 04 be

T3 2.23+0.02 be 0.38£0.02 b 2.02£0. 04 bed 0.71£0.02 d 0.12+0.01 ¢ 0.64=0.04 de

T4 2.26+0.03 ab 0.457+0.00 a 2.14+0.07 ab 0.85%+0.03 ab 0.17+0.01 ab 0.80+0.04 ab

T5 2.27+0.02 a 0.447+0.03 a 2.087+0. 10 abc 0.77%+0.04 cd 0.15+0.01 b 0.70%+0.07 cd

T6 2.29+0.01 a 0.46+0.02 a 2.18£0.02 a 0.89+0.02 a 0.18%+0.01 a 0.847+0.02 a

2.3 XWEHMHEEFEENZE

¢ 4 AT, g i 5 | A it A A 3
By B8 CK i 28 34 s 389 08 43 90 o 12,53 %6~
49.90% . 14. 12% ~ 21. 64% (P << 0. 05); # [
PG I A B, AN [w] it ol 12t b T £ 2 B 2 R AE
I G 0 AR R R KR L o R e
A fT 8, Hodp e AR ORN B, T E AR R W
T TR Lt b 2 B AE A A% 358 0 18 .
FE 44 7= DA R 3. 25 it IR b B CK 3G 7=

DL T6 5y 5 IR e B L b B R R £ 35 )
5 536. 66 kgehm? . 48 %] 3 7= 49. 89 % ; £& it I &b
AL L E KRR E R A TR R
4 639.07,4 963.32 fi1 5 195. 00 kgehm™?, 5 B 14
a3, FR KA AR K S 38 7. 00 % i K- g
AR 4. 67 0, XE N FE A BTG . B A M
VI 25 24 2R B R e it AR A B K L e v U RS
3.50 J7oGehm”, [t CK AbHEHE 2. 39 J7ot-hm”,
L G Al it A A 3L 0. 19 7 ~1. 84 5 JG-hm™,

F4 AELEHIHBF~ERWKE
AhE MR TE/(getk D) PR/ (gt TEEL/0 i/ (kgehm®) MAE/(JTJt-hm?)  Efas/ (J3 gt -hm?)
CK 25.854+1.26 ¢ 122.6541.48 d 21.09 3693.80+£180.51 e 5.17 1. 11
T1 29.09%1.60d 139.9744.52 ¢ 20. 82 4155.73£229.43 d 5.82 1. 66
T2 35.8543. 23 abc 146.55+4. 91 abc 24.46 5122. 404462, 28 ab 7.17 3.01
T3 31.9141.35 cd 141. 26 42. 60 be 22.60 4559.03£193.53 cd 6.38 2.18
T4 37.57+1.66 a 147.9145. 21 ab 25.41 5367.60+237.57 a 7.51 3.31
TS5 33.97+2.25b 143. 2345, 24 abe 23.77 4853.33+£321. 66 be 6.79 2.55
T6 38.75+1.11 a 149.1942.12 a 25.98 5536.66+159.37 a 7.75 3.50

TE DY R M (8 R T Ol 14 St ke AP 30 Jhe ke R 2. 75 St ke i BEARAS 1. 50 Jhoke ! BRR
B3.00 OG- kgt s HAb B T L A0 b M RH BT B (R B HLBE B MR 25 9% K9 AN T 9 AR T4y 4,065 Ji G- hm?

2.4 XMEMHBEH R &R
B 26 #E 1 (steviol glycosides) 2 45 25 ¥ H 1Y

PR, B A 235 T (stevioside, STV) | 3 i i
#H A(rebaudiosides A, RA) .3 & C(rebau-
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diosides C, RC) .3 & 1 ¥ D (rebaudiosides D,
RD) 4, FLEH 0T 25 AR LARE B Aol & i e .
H % 5 ] 1, 450t AE b B 0 B &2 3 & T CK
QbR B i 13,97 %6, [ CK B 21, 69 %6 5 45 i
JNEAb R S BCH B BE A AT G RR K T 1 3
MG, N 12, 23 %04 2 13. 78 %4 5 th IR AK F B9 #r

TR - 6 Nl A 8 5 o A R Ak B
e, ﬁﬁﬁﬁﬁ%ﬁﬁwgmiﬁmfjﬁﬁﬁ%ﬁm
BB SR LD RA M STV &, EY L
w%ms%ﬁmgw/olﬁ%AEﬁ%%%
T B 5 0 RF, BT DL A5 2RO0E 1 AR Ab i 3 ) BT
—5,

x5 AEALEBHHETFEHESE B
Qb3 B RA STV RC RD
CK 11.484£0.06 e 8.48+0.18 d .2540.04 e 0.9440.03 ¢ 0.0340.00 d
T1 11.74+0. 16 ¢ 8.6740.11d .65+0.04 cd 0.98+0.04 ¢ 0.05+0.01 cd
T2 12.72£0.04 d 9.4440.14 b .77%0.01 be 1.002£0.06 ¢ 0.10%0.01 b
T3 13.19+0.21 ¢ 8.944+0.03 ¢ .7740.02 be 1.13£0.03 b 0.0840.01 be
T4 13.81£0. 21 ab 10.1140.15 a .86=20.05 ab 1.1320.04 b 0.1540.03 a
T5 13.97£0.25 a 10.1840.04 a .9840.16 a 1.2540.04 a 0.144+0.02 a
T6 13.58=%0.14 b 10.102£0.22 a .6120.09 d 1.1720.02 b 0.10%0.02 b

2.5 TEBAMREHEMBETERREXEST
M1 6 n . b 4 Eh i R A i R S
FRENEF MG, LAV 2R E S
A B ESRIEREFIEMCKR, 1
ARBESH R BT SEEREEMLLR. EHE
iR CEAR B . R TR PR Bk,

WO BE RS R O R R IR A G
R SR R R A R R R R B
BEEMIE LR, L EER R, il 5 b i -
(0 BN O R A L 2R A RO B
DA K 3% 53 2 s B2 i AR S
EENT AR 2R AR B L

B VEE S I R B S R A IE A OGO R ] Kot S o i
*6 TEBEAMREFERRMMBERENE
B $LNIRCIN W 355
i Lo s
pH £ WL £ HREE RN AMSE ARE AME AaE A % il

+aEm o 24 0.162
R o 0.084  —0.745% ¢

AF 0,094 —0.590%* 0,776 *

HAHE —0.158  —0.748% * 0.752% % 0.497*

WA —0.147  —0.053  —0.213  —0.106 0.194

HRE —0.070  —0.802° * 0.749% % 0.629%* 0.797**  0.100

HEE 0,221 —0.401 0.703* % 0.488*  0.522*  —0.414 0,565 *

HRE —0.169  —0.690% < 0.769% * 0.682%* 0.764* * 0,074 0.689* * 0,545

AME 0,015 —0.803 % 0.794%* 0,618 * 0.598** —0.123 0.666* * 0.354 0,657 *
R A 0,213 —0.681%* 0.715** 0.705* * 0.645* * 0,189 0.672% * 0.447* 0.809* * 0.765* *
Fo B 0.509*  —0.363 0.597* % 0.,572* % 0,417  —0.047 0,408  0.397 0.452* 0.430  0.662* *

E 0.592% * —0. 366 0.460%  0.513%  0.318  —0.033 0.472%  0.300 0.396  0.517% 0.698* * 0.653%
R 0,424 —0.236 0.575% % 0,669 * 0,381 0.058 0.414  0.349  0.576% * 0.548* 0.741% * 0.687* * 0.690
WEBFER 0159 —0.568* % 0,700 % 0.660* * 0.471*  —0.139 0.603* * 0.406 0,648 * 0,829* * 0.814* * 0,670% * 0,663* * 0,776* *

VBT 27K 0,05 00,01 2K G FE 7R A 64k

3 iig i ﬁ@ﬁﬁ%lﬁwﬁﬂs W X T YS Y A+ AT A

AR 58 7 0 5 11 4 90 AR 2 50

B 5 L LI T LA 5 - B

SELRG TR A AR L Y 0 i
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i e B A T v T . 3B Y O AR b TR AT
R A AT K B fR . -4 pH B BREAL. T
AT R R H 56 5 45 5 8 7R AN 5] 7K OF 7 16 R
(i P X 48 pH 52 m 22 5 R B 2. X 51 A
R GERA B BB R TR R 5] LA R
BRIY . T34 4 L B A AT R 1Y 1 it 12 BB
il % N 0. 57 gokg' FEZ 0. 46 g-kg' . UL AT
16 2 1) it FH BB 8% A7 8 R AR - 1 4 b o, LUk

FAE AT N e sy A R (R I REC oy [N
. AP &AM S &, 5 RS 8IS B AR
T AH L CK A FEH i 15. 1% A1 6. 3%, B4 &
DD AN TR) e B A AR R ME A BB S X - HE Rl
TG M5 25 0 A e ME HE AT B 5T L 45 SR R T i A
TEIR W] G A AL L X S AT R X
- P P DL RO A R e A O LA
AL R A RFE— D IRIE . BER A 2 Bmdt: +
S8 [ 45 AT AT MR R AT S A1 b b it — St 1 /N a3
TAHHLER AT LK R4 A sl & 0 AR g 45
R -3, WK E R A LS, X -
T Py Rl 25 R R AT 5T, 445 L 8 7R U B T fg
2 BT A 50 B 0 I T A R ) R DT 4
THE R A A R ARG &R
TRLCEP 5 Bl A A IR 1 4 it R AR S B AN
X 5N DY A0 9T 45 SRR — 80, HAR R
R A 5 5 2t — 20498 . flcE: oo A0 1 B &
ot B AT TR ) B 0 T BG O DI AT AR R 5 — i
MBI BEA/EA B FRETRMBEE, X514 #
AL B R 5T 45 SR AR ]

Py R X e 5% 55 1 3% A6 VR T LAGE A 4
AR EEDY ARUFIRA b IR S W I TR AR
b A I A i kA B LR A R R
MR A R B W, e . X2
HA R FAILRE A 35 42/ T - s
PE AR TS WG T LR A
FITFVE W% 5 40 09 W WA, 32F 1 3K 210 34 7= 35 0o iy |
frgtoesed PR A I R e R DL B 45 BRI
WA o 38 e , H v DL 7K T A7 45 i A P
XiF I 1) S A e P 38R B 13, 78 %0, U B AE
Jite FH % 5 Cid B R A1 ) Y JE Bt b it n Fr R R L T
DI m B 2 0 & . mAriE R AL #
ST B A B A i 0 1S 0 B i 3 ek /b 1 B
PP TR 5 W IE 75 2558 B TC b A RE R A%, X 4%
PR R T 0 4 7 5 A R S 1 o B 1 5 2R
FEUR 45208 1 SR 43 1 0 4G n ¥ BRI R
A S .

4 g

AR 50 45 S 26 B L K [R] K SF- 7 A8 R 1 it FH X
+HE pH R 2 5 OR 3 s B R 4 it FH AE 0%
R A 1 4k i, LV BB T ) 3
BT 2R A 8O0 DL e i e R VB
LB SEEIL EAE T B B i
PR S5 W R B W] LA AL v IR o i
AR I S F T L BRI O T B o A R 1 3 i,
R 2R, o ER S wIE o R Ge W e i
A 2 i 7 0k Rl R 0 0 W, T SR
S e B RN e ik 5 367, 60 kgehm® Al
XFHEF= 49, 9%, e I3 o 3. 50 JT gt e hm”,
ARXF CK b ¥R 0k 2. 39 5 oc«hm?, & B A7
BEIR SRR EC L A58 T L St 28 m b 84 DA &
FFREERBIBE &8 rm, S s ke
Al 13.78% . X B Ak vk 5 e 4 7
JEI A i 25 R R B, & R R SR T /W
BN i 3 B R A 7 R .
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Effects of Interaction of Citric Acid and Phosphate Fertilizer
on Soil Physical and Chemical Properties and Stevia
Yield and Quality in Hexi Oasis Irrigation Area

ZHANG Jing, LIU Qiang, XIE Zhong-qing. ZHAO Xi, ZHANG Ya-ping, ZHOU Yan-fang,
SHI Zhi-guo,ZHANG Ying-ying

(Gansu Agricultural Engineering Technology Research Institute/Gansu-Anhui Stevia Resource Evaluation and
Comprehensive Utilization Laboratory. Wuwei 733006, China)

Abstract:In order to improve the quality of stevia in Hexi Oasis Irrigation Area, using stevia variety Puxing
No. 6 as the experimental material, the field random block experiment was conducted to compare the soil
physical and chemical properties after the interaction of different levels of citric acid (15,30,45 kgeha') and
phosphate fertilizers (45,90 kgeha'),stevia yield, quality and related relationships. The results showed that
the effects of different levels of citric acid on soil pH were not significantly different. The application of citric
acid could effectively reduce the total soil salt content,and the higher the concentration, the more significant the
effect. The contents of organic matter, total nitrogen,available phosphorus and trace elements iron, manganese,
copper and zinc were significantly increased under the interaction of citric acid and phosphate fertilizer. Under
the experimental conditions,the content of available potassium showed a decreasing trend as a whole with the
increase of citric acid. The interaction of citric acid and phosphorus fertilizer could significantly promote the
absorption of nitrogen, phosphorus and potassium nutrients in stevia leaves. The dry matter accumulation in
leaves was obvious, and the yield was significantly increased, up to 5 367. 60 kg« ha',a relative increase of
49. 9% .the highest net income was 35 000 yuaneha',an increase of 23 900 yuane«ha' compared with CK
treatment. With a suitable ratio of citric acid and phosphorus fertilizer, the content of total glycosides and
various main types of glycosides in stevia leaves increased,and the total glycoside content was up to 13. 78%.
The total soil salt was negatively correlated with the yield and quality of stevia,and the soil nutrients were
significantly positively correlated with the yield and quality of stevia. In this area.a certain amount of citric acid
was applied on the basis of conventional fertilizers, which could significantly improve the soil nutrient content
and increase the yield and quality of stevia.

Keywords: citric acid; phosphate fertilizer; stevia; soil physical and chemical properties; yield and quality



