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1.1 IR R

WRIGT 2021 4 3—7 H7E g AR K25 KR) 5
A TR B IR AR M B 55 200 35 T /K HE I 16 Sk

(40°20'47"—41°47'18"N, 79°22'33"—81°53'45"E) %

PRI 2 N HEAT , T2 5 b 800 m?(K: 40 m, 5 20 m).
TRIGHL X EHR 1020 m, I IR AT B it KR T e
BAAE, SAETE, BREKR, BKEWHKD. F£5
i 10.8~145 C, F[E/KE 40.1~82.5 mm, FEK
= 1 976.6~2 558.9 mm. {5 Hh 5t Jm B A+,
0~80 cm +HE AR B 1.43 glom®, T2 HH [a]#f
KA 0.26 glg, T H-3EYI4A S Eh 8 M 1.06 g/kg.
1.2 It

Fehnide Bl 2 LS A RIS BRI , FAE T
N 128 247 LA B0, 2B %8 60 cm,
B 20 cm, ZE[A]PE 60 cm, TG4 E FEAEZE )
], FRATEE RN 30>40 cm, 3% ik A1 #E > 30 cm it
£ 3.0 L/h 19 A 00 B Y o /N X LT AR 250 m?,
FANXK 42 m, 54 m, FiEERIE 1R,
WHE 4 DNAFE BRI BUK AR, 4 3R
T1(2g/L) . T2(4g/L) . T3(6g/L) M T4(8g/L),
I LAV K HEWE X IR (CKD , BN 3 ANE A,
T4 B WIREK BN 300 mm, JEKIRETN 8 K.
AR AR B0 AR 4 e 5 X bR ROK T Ry, 7RG HE
WK (1.0~1.2 g/L) FKISEAE F, EBEKCR R KR
o (Na,SO,) « w (NaCl) . w (NaHCO3) . w (CaCl,) .
w(MgCl)=8 : 81 11 1 Lk ik it st
B RER FH KRR — 1AL, B IR A KPP AE (0 (ND -
o (P,05) o (K0) =15:15:15) N, JFEiA
ZEHEIALUEAAE (0 (N 0 (P,05) @ o (K0) =12 :
6:40) N3, HEN 45 kg/hm?, (A% S i 5
b A SRR — B, FAEFE IS 122d, T3

H10 HxEM, 6 H3HES ERHIT, T+ 7H
10 HE5 W

C 90 cm BT y—
B 1 AR X
Fig.1 Planting patterns
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Fig.2 Calibration results of drying method
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O & R 528 Xkl FFIC- 348 R
PRMHBTHIAR BB R 105 CoAH 30 min, 2R)5 75 CHt
FREREREITETYRE.
1.3.3 AT

FEFHITACEE RN, ARG N X b &k 3 #RAR
FVEMR, WO EEIRem 3 4 il e LN FR xR
M2 3. KR 95% L BEHE L. KAy e B it
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KR B = W DO s WA R
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TEFFAESE B (6 F 29 HD #4745 1 YR,
TE & A FRREHLR 6 A F SRAT I i 75 0 SR S it ot o 7]
T [ T2 F R TS (ATAGO—Pa,, Japan) il
Sy R AR e O, R R AR R -
IR ERY, Ve F R s il e P
1.4 BIRLIER 75

K F Microsoft Excel 2018 X H4f i#E 47 B 2 45 #7,
{#FH Origin 2018 #474: 1, JiF Spss 20.0-Duncan’s
e e A B ] (1) 22 S 4 3 1

2 BERE D

21 HEES N

I [R]EE KT A B T 2 i T A 45 S R 4 SRR
W es A ST 3 fin, SAHEEAE
(FIFEE7E T B ) B AR AR — 5, RIS b E

B E IR LI INB TR, B> T ERARAE IR R

A E K7 A 0~60 em G A LIS HhE R %
WK JEUR/ N, 20~40 cm b IES I ER A, &
B2 BB K AL R T B K,

T1 AbFEAT T2 AHEFE R JZE £ 3% 20~40 om AbJE ef 2
X, T3.T4 AbHLE 0~40 cm - J2 FH B9 i #E7 10~40 cm
Wb TE A BRIRARER X s B AR B HAHERE, KT 07
T IR Ak B A AL, TS B A KT
PEFEIRHTIG A, o T AR T2 AbFEAR 3 X K5
MIZ# 4 40~60 cm &b, T3 ALFAN T4 kb3 + 3% 5 4
AR s 2RI BE AR R E T VR EE Y P
IR — R e, BRIkt 2 B v oL
B, HAmILENT 4 /L KR SCR IR, T
B 0~30 cm [X 3551 358 5 SR AR X AR, T ARG 3R
X, 6~8 g/L #PE/ERIE BT . BIAKRE, £FMH
R FERBRERZE LI, BREEX, HEEE
TR A 2 () 3 i AR R DX K, s o Ak
JRKHEBE T3 B AR R . AR 1 & RSP
R LE H, T4 RIS AP 0~60 cm L 3fEFRER
RIS - 2R R N 2B K S kN #, 7R 10~40
em LR ER: 45 BRI T1 ALBEAR Eh AR AR 5T
T BIREA 5, T2—T4 KRR+ R R
Bz E i, CK AREhZAE 20~40 ecm &k, T1 4k
AR ERZRAE 10~20 om Abfe K BEAE & WHERE, CK 1
10~80 cm AN R IZWIE>, BAE IR 0~10 cm
A1 60~80 cm 43 Ab Tl ERRAS, T1 40%E 10~60 cm -+
HEAR ERARIZI K, T2—T4 40P 0~80 cm IR EERIZ
BRSO, SN i E R K FEE ) 1 DRI

PEES A I B om  PEESTAE RS om  PEBOET A B /em R B TEE A B om PR EE A B /em S ER R (gke)
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Fig.3 Soil salinity during growth period
A1 AN TELEFHRESR
Table 1 Average salt accumulation rate of each soil layer under different treatments
+T=E TIEYIh S H R FrAELE R 2 %1% SRR IR %1%

TR /em (GRS CK  TLAb# T24b# T3M# T4  CK  TIAM  T2408 T34 T4 4ba
0~10 4.45 -32.43 -7.46 4059 4.66 70.39 -10.77 68.41 107.03 17415 204.64
10~20 1.31 15.12 56.41 12958  224.26 34556 3620 17446  219.07 38861 607.88
20~40 0.64 74.71 117.98 19511 27928 32114  69.11 120.14  242.38  594.11 651.64
40~60 0.50 38.41 66.96 4213 128.17 76.59 1.74 60.37 24546  564.21 814.22
60~80 0.32 14141 10049 84.34 86.17 6.13 -28.95 15.67 286.02  985.02  1005.28
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g5 LRI, BEEDALEERIRE N, FERE O 3
VeRCRIZHTIR TS, 3 Sha SR Eh X Y R B Rk
IHTINTT, BRI X T T B i g L oy B AN [
FERE MRV IE T, B85 20188 IR 2RIz B8 v e A,
THRET B IR K Ve B R R R AR E R R, o
TR TAPIRES, (HIE B T oz i B 1%
WRTE RO 5S, AR T HEER A28 R AR SR 1E A N e
BIFERIX .

2.2 Rk T EMRE KIEFRRIS M

M 4 % ARG AR B AR AR ZE T &
PR AN ZEAH AT 0, A2 HAR 254 o = B R K
10 BE B3 R IB T A, T4 Ab3ER/NEA 30.49 g, % CK
/b 75.08%; T EBEERKE L E RS 2
SRR IR/, 5 CK AL, T1 AbERRE
48.58%, T4 KbHEy/b 47.28%; M4 & B HEWE /K
WA 55 P o SR T ek /N PR R A s e v AR Z0HH o Y
IR AR iy 23 5 ek N s, 1E T2 A EAF|

2 ATHL, 5 CKAHEL, T1ACBEM-4EER a &R,
FAt AL ZE AR 2 T1 RFIH4ER b B A 4%
FEBEERARE, HAIEEERD: T4 b
RKAY PREERALRS, HABKIY B, H
HAOFR SR . MHERE b RIS 3 a Bt —
B, BIBEAG VKR A 2 RGN 15 5 S 18 = sl
M. 5 CKAHEL, T1AbFR £ 3 A BN 12.93%,
T2, T3. T4 4 P73 3| PR 19.53%. 24.10%. 45.82%.
A, o hia o SEE N e R R, B
PR R B A R A AT P PTG A T 185K
k2 HFHRERPARLEE R G5 al
HiEFE Db, TREEEREAAT I E
Table 2 Chlorophyll a, chlorophyll b, total chlorophyll and

carotenoids in tomato leaves of different treatments at fruiting stage

AR, B CK 733N 1 7.08%A41 9.25%.
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00 b T cxFmm E16- I b
(=2} ~
= 80 | z Eip [ b @ 2 Ibc ¢
HE d k0 I = & I I
g 2 - 108 | B
40 b b c 4 ¢ H\EE
= 4 § o4
20 + £ x
0 L L L 0 L L L L )
CK T1 T2 T3 T4 CK TI T2 T3 T4
i S

B4 £2FPAEKRETTHAEZ, hafZHTR
Fig.4 Total dry matter mass, plant height and
stem diameter at the end of growth period

ZREFTR, EEF L TEREINEUK (2~4 g/L)
AT DM AR ARG, (B EK T LS KT 4 g/l

INESTE & U1k IS 5 e

2.3 FKEBRHERE RIE TR R

2.3.1 &Hiwet Aot E

R 2 NANF AL B Ao 4 R A R SR a &
2%z b &L AR SR AR

MR . 3R

fhg ”1'?;%%2‘1&/ ”fé;%%ilb/ ”1'2,%%{%%/ K h%/
' (mg g™) (mg g™) (mg g~) (mg g°)
CK 19.03+.02b 10.5740.78a 29.603.76ab 2.624.67b
T1 22.1542.00a 11.85#1.20a 34.0024.17a 3.9640.33a
T2 18.45+1.23b 6.3140.31b 24.7742.49bc 4.0540.59a
T3 17.73+.36b 6.1240.74b 23.8524.95bc 3.9140.21a
T4 16.6520.83b 3.6540.43¢c 20.30+1.50¢ 2.8040.29b

232 &t R AERAT MR E

TE SR Me 2514 T R RE AR A ML BT LA LA
e AR S, FRARBE SR I 5 E R
BB, Bom e A B e R s
FEaE, NI gHEEE R TR R . K 5 AFE
FE KRS N R A T R (MDA) il
fRE (Pro) . AIEMERIEMEAETUEH, BUKE
BT A 7 MDA WA W3 5200 1 Pro &
FEBL/KA AR 3 g hn, T1. T2, T3, T4 4brE
B CK 4371/ 1 13.18%..23.14%. 142.88%F11 171.73%:;
AR R SRR R 2, T, T2, T3,
T4 AbPEEE CK 435190 20.90%. 37.02%- 53.90%7F!
74.81%; AT B B BUKIE F AL B H B
R0, GREBKA L ERT 6 g/L I B B B

14 140 a 3 50
~12 =120 | b - o b 2 = b 2
= a a a a - N I %40 -
210+t a 50 100 | & bc I
Bel= I T F T S| e ¢ = ¥ Eaope ° ¢
S ) d ¢ = = . = I
=6 f & 60 | e = |1 & 99
18 = w0 |~ = =1 F a
S0 ] = ¥ 10
22t £ 20t
>
0 1 1 1 0 1 1 1 1 J 0 1 1 1 1 J O
CK TL T2 T3 T4 CK T1 T2 T3 T4 CK TL T2 T3 T4 CK TL T2 T3 T4
Ab 3 posE| oS posi]
(2) MDA & (b) JHERE (c) I TERERE (b) BEE

B5 RRARZTHERTHRE

Fig.5 Contents of osmotic adjustment substances under different treatments

233 &t A L AAEE R 4
MIE 6 ASFEFEBKY LR E o R il IAPI0ME, 52 CK 19N 15.92%; POD i MERE#ERL/K

WEVERT AR Y, BOKEERL T &l SOD FEVERERE o L REIR i 2 i/ N 8 K%y, T1—T4 AL CK

WA AL (e A KRR NS, T2 AP
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RN T 17.73%. 34.54% . 32.87%F1 28.27%; CAT
T M VR K1k B R $E R T K, T4 b3 CK

411 50.26% .

o~ 3000 X a a 3000 1000 y 2
= =
g00pF b - I - 2 2400 b T80ty 4 © =z
2 + ¢ = I b HE T
< 1800 I # 2 1800 z ¢ ¢ I E 600
H  F : 1 = BF
vz 1200 5 & 1200 5 400
A £ =)
8 600 35 600 © = 200
@ 0 ) o 1 0 1 1 1 1

CK TI T2 T3 T4 cK TI 4¢T2 T3 T4 CK T1I T2 T3 T4

o3l H oS
(a) SOD &1k (b) POD it (C) CAT &1k

6 RFA&ET A RANEE

Fig.6 Antioxidant enzyme content in leaves under different treatments
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52 R B I YT AN M AT 1 R T RIS A 2R i
R R E, MEEBKE LB /N T 4 g/l B, PR
1E BRI RESIVE I, B KA A0 L () 3G i
W AR R ST, S BB E A .
2.4 KRS E MR ERF 0

M7 TR, R RETBE T T 7 5 SR S T AR A
AL, W At 5 T SO i R 25 B R A AL B )4
R SRS, 5 CK ARG, BUKEER T
Al VA ME E Y BN (P<0.05) , T2 AP KW
T 1450%; FIVEMEREERE T3 AT HRA, 5
2.76%; MR £h & W 1 N (P<0.05) , T2 AbHEF K,
Pem 7 119.45%; Ve EmREHI (P<0.05) , T2 4

5 .

HR R, 5T 107.41%. M 3 REFEBKY 1LE
TR KRS LA, R
0.55~0.69 N [a], T1 AbH % K, 5 CK & 1 1 11.29%;
PR 2 SRR T P B K L R A 3
FEE R, 2~4 g/l BK R T 55 P i R 4 SR
BB B S HE KA L U R (R G R B0 0.974 25
7 EWE KA A B ) 4 v S S T R R RN R
T1 AP B i, 1A% 36 046.90 kg/hm?, Lk CK
W E N 9.09%; AL CK, T2. T3. T4 AbFEN &
EBEK (P<0.05) o Z5A 75 et i f A0 b i 5 48
Br, 2~4 gIL B AL EE R BUKHERE, R T35 ik b i 1)
P K= T

35 r 10
<4t 30 |
S S5t
g 20
f% 5 | {g 15
=~ ‘é%
= T 10
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Fig.7 Quality indexes of tomato under different treatments
% 3 R T &ty > FHiT
Table 3 Yield and other indicators of tomato under different treatments
AbE R A AU LT g PP/t hm?) B EEIN HE%
CK 6.640.40b 99.3743.41a 32772.02437.11b 0.6240.02b 2
T1 8.040.02a 90.4343.63b 36 046.90+36.88a 0.690.004a 1
T2 7.940.11a 78.8244.13c 31 093.40439.45¢ 0.6340.02b 3
T3 6.740.01c 73.18-41.85d 21 954.14432.20d 0.600.04c 4
T4 5.2+40.26d 60.2045.65¢ 15 855.8341.83¢ 0.5540.04d 5
BE 2 e 21 O NN
33t R R AR R IR R AP, A IR R
AY

AHETEAR Y, 495 b SR g i ek
Ny ERSr FEIRAEARR R %, HEERERKY R
e, R EUKEER SIS hE, At
68
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AIFE AR 3R X VG B AT R0 R 2 3B, Bl AE & 3
B, AKCET A IR ET M R B AL, A
HAZK 3670 FEFURAE 0~20 cm R 2 L4, TR AR ERIX,
ELBE S HEWE KA LB ) R i ok, o s IR
J3E K TR 48 B B A BOK L 3K 5 Pasternak 2
SIS 2 a WBUKEEBRL, KIS R EE sy
AifE 0~30 cm T3, MEYIRR X IR & $h 0.
pH {EAI IS KR BRI as RAEA—, 0%
SEFAT K REWAIT 78 Hp B AR LB R HEE KA 1 R S
BRI, (SRS BUKEERE S T3 & HhE bl
VER /KA BT B3R e i s K 48 SR, (H 52 gl
B F0 R IR KL A S H AR £ oy, RESR
AETARNIEAT TE AR, X2
A REAAGAISE H Gl = Wk T, RA2BIBFE/K A,
Rl 2id 2 KRR fa, T35 Eh i T2 1.

TR AR LA A I A, L X
VER LK S AR P A = A T M BRI . FEAR AR K K
B0 ER o BhE AR UK, BT DOE AR K AR AR R PR
PREOT 58 S A0 ER 0 B R e, A g 0, WE;
TR X AR A K S A K, S Ab 3 ) 22 57 10l 3
R4 E2~4 gl L)l sl 7K E I8 2 1 a3t 2 i ok v 25
FiL, 3% 5 A0 NPT 5 45 SR 2 407 FE P9 B RO K R
AR BRI K50 A — 80 T RSP R,
NG S E N I AN 2 S =S wwan =10 =1 4 i
R T PR, X SARTR 8. ARl seil
N, BEE RIS, RN SRR E LAY ER
RS, X5 AR 7T 3R A5 VR R KA A R 2 v
T4 o B PR A —E, (H5 AR TR I 2%
FAIZEHEAEY N 2 RS WK BE 3 N 25 2
BN 5 RN IR AR A 58 4 — 3, = B A2 L6
AGHAT LR JRKEERE ,  BLAOG B 3AE Adb AT I,
IS MR AR SZ B e AN B

L e FE R AR I AR K E I B E WA T FE ST
TR AT RS . R (Pro) S5yt A
I N BB T T RSB . Rk
NN MDA & 1] DIE TR SR 1) %8 €, H MDA
B SRR i R ek R PP s R
JRK BEBE R A B MDA B R E N, X 5 AR
FogE R, RSP, RN R 5
fif EhPE R A R, FHE RN R AT RE R )52 2 2
FHRRI, AT Pro & FERERE KA LR
(SR IR I o ] P R A AR ) 2 BB I W T A
2 A A A AL T Bk 28 AR SRR, X 4 i
R A2 J5R i s A s A P9, A Tk 7 3 i B0 146 335 iy
B NAEMRAR R RTIE R R 2, AT R R, BE
FEWEZKH P (A48 DR AT 5 P A e A A8 i, 15 I VR

T P R e R R 52 B 85475 T oK . IV MEER R
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Science (WOS) databases. Endnote X9 and VOSviewer were used to sort out publication data, the number of annual
publications, affiliated institutions and research hotspots, from which we analyzed its development and shift.
[ Result] Application of 10T in irrigation has developed rapidly. Since 2011, CNKI and WOS have both seen a rapid
growth in publications in this area. We found 300 papers in CNKI in 2020, and 280 papers in WOS in 2021. In terms
of contributors, Hebei Agricultural University and Beijing Agricultural Intelligent Equipment Technology Research
Center topped the list in China, while in terms of journals, Water-saving Irrigation and Agricultural Mechanization
Research published the most in China. Before 2010, research in 10T in China focused on irrigation automation and
since 2011 this has shifted to intelligent irrigation, integration of water and fertilizer, intelligent agricultural
machinery, intelligent irrigation, and water saving. Internationally, Florida State University System and the
University of Florida led other institutions, and Agricultural Water Management and Sensors are the journals that
published more in this field. India, China, and America lead other countries in contributing papers, publishing 292,
220 and 184 respectively. Before 2010, the focus of 10T was agricultural production, water management and water
resources regulation, and since 2011, this has shifted to agricultural production and its environmental footprints,
regulation of water resources, application of irrigation technology, and intelligent irrigation. [ Conclusion] The
application of 10T technology in irrigation has shifted from automation intelligence. The future research will be to
optimize software and hardware of intelligent irrigation systems, reduce costs of irrigation equipment, big data
analysis and security, establish intelligent irrigation standard and training, set up efficient wireless transmission
networks, and implement intelligent irrigation and fertilization.
Key words: internet of things; automation; intelligent irrigation; bibliometrics; VOSviewer
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The Effects of Saline Water Irrigation on Soil Salinity and
Physiology of Greenhouse Tomato

MA Jiaying"?, WANG Xingpeng"?, WANG Hongbo™?, WANG Hairui *2, LI Zhaoyang*?"
(1. College of Water Conservancy and Civil Engineering, Tarim University, Alar 843300, China;
2. Key Laboratory of Modern Agricultural Engineering, Tarim University, Alar 843300, China)

Abstract: [Objective] Saline groundwater is a complementary water resource for irrigation in Xinjiang, but its
application needs calculated management. The aim of this paper is to study the impact of saline water irrigation on
soil salt content and physiology of greenhouse tomatoes. [ Method] The experiment was conducted in southern
Xinjiang, and the crop was drip-irrigated using water with salinity at 2 g/L (T1), 4 g/L (T2), 6 g/L(T3) and 8 g/L (T4),
respectively. Fresh water irrigation was taken as the control (CK). The irrigation amount and irrigation frequency in all
the treatments were the same. In each treatment, we measured soil salt content and physiological indexes of the crop.
[Result] Vertically, soil salt content decreased along the depth, regardless of the treatments; horizontally, soil salt
accumulated in soil 20~40 cm away from the emitter. At the end of the growth period, salt accumulated
predominantly in 20~60 cm soil layer. Salt accumulation area increased with the increase in irrigation water salinity.
Irrigating with water salinity in 2~4 g/L promoted tomato growth and thickened its stems, despite of its insignificant
effects on dry biomass. Increasing water salinity to 6~8 g/L inhibited crop growth. When water salinity was 2 g/L,
the total chlorophyll and carotenoid contents in the crop maximized. When water salinity was greater than 4 g/L, a
large amount of active oxygen accumulated in organs exceeded the scavenging capacity of the protective enzymes.
Irrigation when water salinity was in 2~4 g/L improved both fruit yield and quality. [ Conclusion] Considering salt
distribution and plant growth, groundwater with salinity in the range of 2 to 4 g/L can be used as a complementary
water resource to irrigate greenhouse tomatoes in southern Xinjiang.
Key words: tomato; salt water; plant growth; leaf physiology; yield; quality
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