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Impacts of Cycle Aerated Subsurface Drip Irrigation on Growth
Characteristics and Yield of Greenhouse Tomato
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Abstract: To investigate the effects of different fertilizer-air coupling treatments on crop growth
characteristics, photosynthetic characteristics and yield under cycle aerated subsurface drip irrigation,
tomato (Jinglu 6335) was taken as the research object, and the recycling aeration device was used to
supply water, fertilizer and gas. Four aeration quantities ( Ol was high aeration, 02 was medium
aeration, O3 was low aeration, S was no aeration, aeration ratio was 16.25% , 14.58% , 11.79% and
0, respectively) , three fertilizer quantities ( F1 was high fertilizer, F2 was medium fertilizer, F3 was low
fertilizer) were set, and a two-factor randomized block experimental design was adopted, with a total of
12 treatments. The effects of different fertilizer-air couplings on plant growth characteristics, chlorophyll
content, photosynthesis, plant dry matter accumulation and yield of greenhouse tomato were studied. The

results showed that cycle aerated subsurface drip irrigation could significantly increase plant height, stem
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diameter, leaf chlorophyll content and stomatal conductance, enhance photosynthesis, and increase dry
matter accumulation and yield of greenhouse tomato. The plant height and stem diameter were increased
with the increase of aeration. The maximum increase of plant height and stem diameter was 22. 57% and
7.25% respectively in aerated irrigation treatment compared with non-aerated irrigation treatment. At the
same fertilization levels, compared with non-aerated irrigation, the net photosynthetic rate, stomatal
conductance and transpiration rate of high aeration irrigation treatment were increased by 52.46% ,
60.64% and 36. 88% respectively, the contents of chlorophyll a and chlorophyll b were increased by
33.17% and 48.71% ,

accumulation under high aeration irrigation at medium fertilizer level were increased by 31.66% and

respectively.  The plant dry matter accumulation and fruit dry matter
36.95% on average, and the yield of single plant and the weight of single fruit were increased by
12.80% and 19.51% compared with that of non-aerated irrigation. At the same aeration level, plant
height, stem diameter, net photosynthetic rate, chlorophyll a, chlorophyll b and plant dry matter
accumulation of tomatoes under medium fertilizer treatments were significantly increased compared with
those under high and low fertilizer treatments. The yield of tomato single plant was significantly positively
correlated with plant height, stem diameter and net photosynthetic rate (P <0.01), and the correlation
coefficient between yield and plant height, stem diameter and net photosynthetic rate of tomato under
medium fertilizer treatment in high aeration irrigation was higher than that of other treatments. Therefore,
considering the effects of various treatments on the growth characteristics, photosynthetic characteristics,

plant dry matter accumulation and yield, the medium fertilization level in high aeration irrigation was the

2022 4

preferable irrigation and fertilization mode for greenhouse tomato.
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Tab.2 Per-day growth of height of tomato cm
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03F3 3.37 1.23 1.08 0.83
SF1 3.34 1.53 1.12 0.96
SF2 3.38 1. 40 1.03 0.73
SF3 3.22 1.21 1.05 0.78
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Variation curves of greenhouse tomato plant height under aerated irrigation treatment
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Fig.2 Variation curves of greenhouse tomato plant height under fertilization treatment
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Fig.3 Variation curves of greenhouse tomato stem diameter under aerated irrigation treatment

W) 8., SE A 50 ~70 .70 ~90 d i KM ik R %3 ZHESBRAMMKE
BEAF(P<0.01), Tab.3 Per-day growth of stem width of tomato
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WERBZEE R, T HESABENEYERKER E’J O1F3 0.239 0.076 0.024 0.019 0. 009
S 1 TR (S 50 ~90 d) 02F1 0. 245 0. 083 0. 043 0.010 0.011
o 1 . s /’ ; 02F2 0.261  0.077  0.031  0.007  0.007
SEHLIY H IR S f o, W UHE TR A i S L 1Y 02F3 0.237 0.075 0. 044 0. 006 0. 007
%, EME 90 ~130d BAFAY, X—H B 03F1 0.221  0.072  0.048  0.010  0.011
e i hh T ISR | T AL Y B R K ] 03F2 0.225 0. 076 0. 039 0. 022 0. 006
03F3 0.237 0.078 0. 032 0.016 0. 005
Vor —He e I i
HCE , VSRR X 3K — I B TR A SE A A S A SF1 0. 241 0.071 0. 028 0.016 0.012
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Fig.4 Variation curves of greenhouse tomato stem diameter under fertilization treatment
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Tab.4 Effects of fertilizer-air coupling treatment on plant height and stem diameter in greenhouse tomato
MR /cm M/ em
b 3
01 02 03 S SE 01 02 03 S S B {1
F1 212.5 209. 7 205.2 186.2 203. 4° 1.478 1. 505 1. 475 1. 468 1.48°
F2 217.2 187.2 186. 7 177.2 192.0* 1.524 1. 466 1.455 1.421 1.47%
F3 190. 8 182. 8 175.0 170.7 179. 8" 1.453 1. 448 1.443 1. 390 1.43"
SEHIE 206. 8* 193.2 188. 9" 178.0° 1.49° 1.47% 1.46" 1.43"
RS AL 28.33 " 711"
F it N 2 36.82 8.96 "
A it JIE A 3.15°¢ 1.89
T R 50 B J5 A ) 7 BE R 25 57 3K BAE M KOE (P <0..05) , + Fl s+ 435K P <0.05 Fl P<0.01 KF E2F8BE, TH,
x5 EBEBEAAEMNEBEEEMXAGHENEIL
Tab.5 Effects of different fertilizer-air coupling treatment on photosynthetic parameters in greenhouse tomato
P,/ G,/ c,/ T./ WUE/ ;
fb 3 (pmol:m~2:57")  (mmol-m2.s7") (pmol-mol =) (mmol-m~2+s7")  (mmol-mmol ') !

BEP FEP BEP FEP BEP FEP BEP FEP BEP FEP BEP FEP
01F1 21.4"™  20.4"  471.3**  363.0° 283.7" 196.0"" 5.83* 4.25* 3.50"  5.25*  0.27"  0.34*
01F2 23.9° 21.1*  513.7*  377.5%  292.3*  227.0°  6.53" 3.80*"  3.80° 5.95° 0.31° 0.38"
01F3 20. 8 19.6"  456.3"™  330.0" 277.0% 189.5" 5. 53 3.75"  3.23"  5.05"  0.25" .33
02F1 21.2% 19.7®  412.0™  351.5* 285.0"" 171.5"  5.67" 3.55"  3.27*" 5,00 0.29"  0.30*
02F2 19.7%  18.6"  455.6"  372.5* 254.0"' 191.0"  5.30" 400" 3.37*"  4.95" 0.27*  0.26"
02F3 18. 8" 16.7"% 429.3%* 250.0°" 258.3"! 185.5*" 5 23" 3.35M 3,03 4, 5b 0.25"  0.27*
03F1 20.8"  18.8  434.0" 267.0"' 268.3* 187.5" 5.53*  3.45™ 317" 525"  0.29°  0.29"
03F2 19. 7" 18.2%  420.3"™  306.0" 256.3"! 182.0"  5.13" 3.40™  3.10®  5.20"  0.27"  0.26"
03F3 17. 4" 16,9 415.0* 238.0°' 251.0"! 176.5"  4.80"™ 3.35%4 3,00 4.25"!  0.25"  0.24*
SF1 16.3° 15.6°  374.0"™  257.5" 268.7" 179.0°"  5.13"™ 2,95 2,93 4 15" 0.23*  0.26"
SF2 14. 9% 14.6%  358.7%  212.0% 247.7°° 172.0"  4.73% 2.80°  2.90"  3.90*  0.21"  0.23*
SF3 14. 4° 13.8°  318.0°  222.5% 230.3' 168.0"  4.37° 2,65 2.77"  3.80¢ 0.18" 0.20"

AR 15.347 23.667F  5.54*  17.32*  6.56* 2.18 7.03%  14.12*  3.52%  8.78*  3.17° 2.85
FoojEERE 3.07 0.96 0. 67 7.03*  4.91° 0.76 3.11 1.75 1.39 3.32 1.56 0.53
MR A x
0.71 1.82 0.27 1.70 0.92 0.53 0.76 0. 86 0.21 0. 60 0.18 0.16
Jiti A b

£ : BEP \FEP 73| 32 7R JT 46 A SR AR 52l R 1, T 1A

KIS, & AR KSR, e g A HE AL B P43 il 3R
A Ab PR 4R m 31.28% F130.77% , F ¥4 42 5
31.03% 5 H JE KT, FF A6 A SR 300 S 5 0 oK 1 o 1
SAb P, gy R BN B RAL B R R 60.40% Al
44.52% V- P H T 52. 46 % s ARNE K -, IF 48 AL SR
TSR S i R ) o R AL B P i e AN e S Ak B 4R
A4, 449 FI 42. 03% | - HHE 1 43.24% o FFAE Ak
RYIFA RIS E 6, R TR KW, F—it
JEAKSER TFA AR SR G Bl I S 0 T e i IS
BRI S K, G BE RS 0 s R R,
I, G VAR H BLAE oy B SR W Ak B, 9 1) e AN g S
VR ¥ A 43.21% F1 78.07% , - ¥ 18 K 60. 64%
FEACAR SR C ¥ T 2R S R, T A8 A 501 A 2R
S I T T 5 485 SR Y 3 W <R R A 3 R g
FCETABRSHEBRAH, H C R KMEHH
T v S v A R R 4D B, 43 ) AR A B S0 TR 4 R

18.01% 1 31.98% , - ¥4 K 25.00% , WS UE K
AN T TN B S Ak B TR — it AR KO R, JF
A6 A FEI RS S M) T 3 I R T T R R
Wi I B IR, T R L B g A T
BB, A A SRR S R T, 43 S 5 AN g
B Ab B 25 13, 65% Fi144. 07 % -394 5 28. 86%
FIE K, T (R S 3 AE o I Ak B, F A Al S 1A A
AN K T 5 5 3 A g <AL B = 38.05% Al
35.71% , -3 42 55 36.88% , {EJF AL AL S 4], WUE
B B S ) T s T T, i IE KT, WUE AN B

S AL TFR A 2.93 mmol/mol Ff 5 5 BB S A H
3.5 mmol/mol, H B 7K S, i B A RE THE Ak T 4 AN B K

AL WUE $£75 31.03% ,{RAE /K3, WUE A RS
Ab Y 2.77 mmol/mol Ft Ey & R BE AL R Y
3. 23 mmol/mol, 5% BN 2 435 SR 3% W] 38 0k Bk X
HEWEAL 3 WUE Y755 T AN B U HE WAk 22
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T AE A SR 3 0 2R S5 g R O S 435 R R B
HESEB AL IS L3 TN S IR AL 3, T A6 A
SR AR SN R L {34 A e R P IE AR B
05 225 A BB W AR B T A o BE N Tk i
P,.G .C.(FEP BRAk) F0 T, ¥ A e 8 3 52 ) (P <
0.01) X RS R T, Je WUE 45 #% b & 52 Wi (P <
0.01) , % FF LA Bl WUE Jo LA B E %W (P <
0.05) . i AT Ak 35 X5 T A A SR - C AR S R 40
G A BELM (P <0.05) , %5 FF 48 Ak JL 0 F R 52 i R
WA R T, WUE J L5 AR i3 (P >0.05)
PR ZEL BEAERAN WA LT BEANFMN P,.G, .C, .
T WUE J LT 250 (P >0.05)

2.3 ESBEeLENBEMMGEHRXERENEIT

NEASHE G AL BEXT A T RE i RO A B R S i
(S s bb ) 52 WL 26 6.0 FF 46 Ak SR U0 R SR 52 i K 30

W 5 465 549 9 W A L A 2
F o B TR QIR L, [ — B BT
G o ANHAREE b A RSB 01K 2 U
JoRS AL TN S FIOFSE b it
BTG | FEUCH o S A R M A I
0 T A S008I0, 5 50
AR S A S OE K a4 )RR B
38.33% F128.00% , V¥ 33. 17% M4 E b %
A A B KR 54.55% A1 42.86% , ¥R
48.71% . IR T AL S A o
G o MINHRAR b A RERCRT , T LA K, AL AL
LI R IR K , A A 7
it F oG a RREARE b R , AL B
v, AL B 5, 5 0 70 B B 25 0 2502 £
B8

K6 ESBELEMNBEHIEHALEREETENEM

Tab.6 Effects of fertilizer-air coupling treatment on photosynthetic pigment content of

greenhouse tomato functional leaves mg/g
e g a T E g b AR B RERT R
BEP FEP BEP FEP BEP FEP
01F1 0.76" 0.90™ 0.32% 0.45% 1.08 1.35"
01F2 0.83" 0.96* 0.34" 0.50" 1.17¢ 1.47*
01F3 0. 74" 0. 87 0.30"" 0.41" 1. 03 1.28"
02F1 0. 74" 0. 89" 0. 28 0.41" 1. 02" 1.30"
02F2 0. 72" 0. 87 0. 26" 0.39" 0. 98" 1.26"
02F3 0. 70" 0. 83" 0. 24 0. 40" 0.93¢ 1. 23bede
03F1 0. 70" 0. 83" 0. 270t 0. 40" 0. 97" 1.23bede
03F2 0. 66" 0. 82bede 0. 24" 0.35% 0. 90°%f 1. 17¢
03F3 0. 68" 0.76" 0. 23 0. 40" 0. 92t 1. 16
SF1 0. 63" 0.77°" 0.25°" 0.37¢ 0. 88" 1. 144
SF2 0. 60" 0.75% 0.22% 0.35¢ 0.81 1. 10
SF3 0.56° 0.70° 0.20° 0.339 0.77" 1.04"
IS o 16.55 11.31* 10. 24 ** 12.49 * 20. 00 ** 27.51™
F it FEL 2 1.74 3.26 2.46 0.97 2.98 5.36"
MRS it A i 0.82 0.27 0.30 2.20 0.83 1.55

T A 21 SR 301 R0 8 552 i R0, g e 0 Ak B A o
SRR SRR TR AL B[R] — B KT
SRR R R A T e R OB, TR AE
A SRS 3R T e B M R v I A B i
RAE 1. 17 mg/ g, 7 A B 09 R AR AE Ak 238 d5 /)N
0. 77 mg/g; S SCNE A, B 20 R AR R B P
AE AL 335 f5e KAF 1. 47 mg/ g, 6 AN B TR B ARG AE 40 2
Kt/ ME 1. 04 mg/g T A8 AR SR A S R0 Y
WA {22 3 BT v B A v A B Ak B A R T
Ak BRI S 3R A S TR 44 44% 1 33.64%

T3 22 53 W 2R WY, T 48 Al SR 0 2R S R, B X
Ab PR A I A SRR a HFARER b ORI SRR

A R (P <0.01) 5 JF A8 AR S it T Ak
XS F A A AR a AR b S M SR &R
AR (P >0.05) SRS K, it AL Ab 2 %)
ot S SR E A R (P <0.05), %)
T A2 R a AR b RN B
(P>0.05) o P[RR A AR X I A8 A S 00 AR 52
R 3R a 2R b FLE IS R & i
AR (P>0.05),
2.4 EBSBEALEMEMTYRRRENZIT
F T O LR A5 A P el = 7 bl AR Ak T AE AR
PRI SN N G Ei s e B 7/ B0IE - 2 SR A S
H1 22 AT, I A8 A 2R 30 25 4 56 A B3 il AS (R R A
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TW A R i KB MR IR I 25 R AR, R
S R 0 4% A 3 S5t AN (] E AL T  B AR BR R
MR O JE 2R o RAR . A R — il IR K R,
TE AL A S 30 AR S O I B A< Ak 3 3R Oh T ) o R
EREYETABRSLH, GBRERLHATY
JRAR RO B AN IOV R A B B R KR
31.66% F136.95% , T it & AL A S i Bk L3 b
W AR T T R B R AL B T
R S o R A8 A B P, 3 A0 1 = I8t ey

B4k 3 ) B AR B e I TG e S IR Ak B
Hb TR —BESOK R, T 0T AR R AR T B i
JIE 8 T i 5 T v R B R e I A B R B R
r R Ack R R R MEG I Ach B R A R B 4R
3.61% F111.89% ., S5 KM, 7] — B < KFE R
T 5 AR A R AR b B IR e T e R T e e
o AV R B4, v B A 3T B A AR R R K, R
rh I A AR S 8 R T T A B BR R o A R
AR B &b B 43 ) 2 5 26.36% 119, 13%

®7T RBESBELENEEEMERSENTS TURRRENZ I

Tab.7 Effects of different fertilizer-air coupling treatments on dry matter partitioning of greenhouse tomato g

s T2 B A R ETY AR T4 R 2R BT Yo R R
BEP FEP BEP FEP BEP FEP BEP FEP BEP FEP
01F1 2.04" 3.26" 40. 13" 59.58° 45.72"  36.43" 4.71° 72.71° 92.60*  171.99*
01F2 1.87% 3.39¢ 39. 38" 60.92° 44.56°  44.91° 3.56% 79.90° 89.37°  189.12°
01F3 1.30 2,57 35.46"  52.43" 43.35*  40.63" 2,65 63.23" 82,77 158,87
02F1 1.87% 2,784 40.06" 44,98 38.88"  36.64" 3.68" 66. 62"  84.49"  151.02"
02F2 1. 66" 2,92 36.39*"  50.10™  36.82"! 41.28" 4.34° 71.27" 79.20*"  165.57*
02F3 1. 4% 2.52%%  32.87"  48.66"  35.60° 32.01° 2.01° 65.06™  71.88" 148.25"
03F1 1.8 2,53 27.87"¢ 39,68 38.22"  36.81"° 3.41% 52.13%  71.31™ 131, 15°%
03F2 1. 62" 2. 46" 30.70%  44.27°  38.10"  34.91™ 2,57 62.98"¢ 72,99 144, 62"
03F3 1.23¢ 2.26% 28.94™  46.31™"  34.85°"  31.96° 1.82° 43.18%  66.84"  123.72%
SF1 1.6% 2.44%  29.77%  40.70° 36.85"¢  31.95° 2.76%  53.35%% 70,98 128, 44
SF2 1.67% 2.35% 26.41°  43.85°"  37.58"  33.21" 2.22% 58.68™!  67.88"  138.10"
SF3 1.36" 1.82° 23.18" 45.380  36.2"  31.62° 2.25" 41.52°¢ 62.99°  120.34"
[ 5.15* 13.67 4.61" 9.32* 3.72" 8.01 2.54 10.51 4.62" 7.87 "
F Jiti A A 2.44 5.56 " 3.33 3.87° 1.55 3.08 1.76 3.68" 1.65 2.82
AR x B R 0.85 3.15" 2.07 1.66 " 0.63 1.22 0.58 1.77 0.72 1. 04
J7 2557 BT 2 B, I AR Ak L 0 A4k 3G 7 AR (P>0.05), W Z 28 B AEFH AT 52 B K BIAR 25

T A SR R S (P <0.01) , %25 R
TR R B s A B ELm (P <0.05) ;i I 4k 2
%ﬁ%mﬁ+%ﬁﬂ%i%mi%@<&%%ﬁ
EMAMBETYRMARLEY A RE (P>
0.05), %iﬁﬁ%tﬁ Ak 3T T A AR L 2K A
RTYRRRBRLE AW EEZ (P <0.01) ;i
JIE Ab 385 %oF 2 AR ZE R T AR R A Y
M (P <0.05) , Xf i 1T 9y ot B3R o 5% el R I 2

TR E R EE (P <0.05),
2.5 BEBALEXMBEMTENEN
& 8 g AR A Ak BT T A PR 7 i R SR T

AR, R AT, [ KR B i AR
TBE v A Ak 3 2 5t A ™ et AP T I AR R P I Ak
BEAN 3 it B bR 7 o R BRI 3 i R T
S Th R e R BTE e A R
Ab 3 S5 AT AR 7 e A AR R S R AT Ak 3

®8 EBSBESGLEEEBEMEKRTENERRE

Tab.8 Yield and fruit quality of greenhouse tomato under fertilizer and air coupling treatment g
hm R L g
01 02 03 S 3 {H o1 02 03 S S B i
F1 1497.89 1486.11 1444.95 1381.06 1452.50° 93. 62 94.90 87.57 89.39 91.37%
F2 1635.16 1440.34 1449.54 1350.87 1468.98" 104.15 92.93 90. 60 87. 15 93.71°
F3 1454.00 1399.68 1279.83 1330.57 1366.02" 93.21 87.48 83. 65 83.16 86. 87"
SE 3 {E 1529.02° 1442.04" 1391.44% 1354.17° 96.99° 91.77*  87.27" 86.57"
B 11.39* 6.76 "
F it AE 8. 11* 4.69°

W S b it I 1.89

0. 88
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e LI T B R R I P M Ak L e IR R
Jo e B AR B A A A v AR K
TE Ab B B bR ™ o R BRI IO A I S TR Ak P A
8.46% Fl1 4.73% . LK, iy W <008 W0k Ak 24 o ke
7 R B O e A e SO R A B AR 12, 80% Al
19.51% o ARAE K, v <V TR Ah 34 B R 7™ i D B
DR AN I AU R A PR AR R 9. 28% T 12.09%
B PRI ZR o B AL 3T R it BB 7 R PR S i
f&'ﬁ%%ﬁﬂﬁw <0.01) , jifi A kb BH X} B Rk 7= B4 B

FE5W (P <0.01), X 5 R A B 5
(0 01 <P <0.05) , B 2 2¢ T AF I X5 & il 5% >
AR R BT Y AN i 3 (P <0.01)

O R, A BESUKOE B0 W A 3 2R il
PR ™ S 55 RE AR B L 2R R O R A G R AL
BORBE S WAL 3, B R R T, T
SRS KRR T E S m R

TR Aab 35 7 30 ™ ek 5 A 5 2B A R B A OC R B
0.4 FeAy v AR AR AL B A OC R EE R
KN 0.3 Fe Ay, F LRI AT i M I M Ak PR T b
7 5 A AR A A K AR bR A OGP A A T IR
TR A B, PR R B /IR R R vl A R bR R 2K
Flo 450 AR AT, o BB &b B2 5k 7 b 5 0 bR 4% 7
K8 bR 5 2R B, IR AR ER R 2 R R Ak B A 6
REEAG . TEH B P SHA T, &
FR () T o 7 e 5 R BRI PR 2R RN S R Y
I E IE A G OE R (P <0.01), ™ i 5 bk
R L RBUR A, M 0,473 5ot 4 R A R
WZ, N 0.427, 5 k5 k25 MM 6 R B /N,
0.377, Hstwl 0, AR 25 4 T 3 i ™ it 5 A vk
A R ARAR IO A G R B2 S AR, T e 5 A
AR AR AR AR S B R E /MK K R e A R
RFNZEH

R ERELBEHTREEEMAKTESERNAKES ZHELGEXRNEXRY

Tab.9 Correlation coefficients among fruit yield , plant height,stem diameter and photosynthetic rate

EL A W57 3 W <0 b T VR 3 TT DA B AR AR IX
TR AR R AR A, MR
P e - S e S PR B B 3 X 1 A i R K
FER iRt A IR S R (L7 ek Ao = R W I S
3 1 56 1) 3 A WA e BN A Ak B 0 B
ERIES O TN SP IS IS DN S (R PO
AIEAT R AL B 2 B, Z5 KR o AR A< A A
R S 25 ) REURRE i 7, A= R A 34 i L ok =5 R A
T AR5 AS o A< TR Ak B 43 0 B S R 4. 55% Rl
16.21% ., BHATTARAT 25" B 5% th & B i A< 73 18k 4k

Ak 7 7 45 b R 15 M AokAwE R Ak 7 W2 38 B ok =i M dobadE . UE
R 15 1 0.501*  0.437*  0.378* P 1 0.403 * 0. 464 * 0.376 "
o1 M 1 0.253"  0.342° . el 1 0.138 0.347"
O AR 1 0.453 " HFOL A H R 1 0.394
FE 1 7 1
Pk 5 1 0.296*  0.382"  0.383" R = 1 0.474™  0.521"  0.502"
o 2O 1 0.285 " 0.293* - £y | 1 0.263" 0.334"
HOLAH R 1 0.345" HFOLAHE R 1 0.422*
i s 1 7R 1
R 1 0. 227 0.330° 0.316 " 7= 1 0.340*  0.424™  0.285"
EY i 1 0.129 0.211 Bl 1 0. 170 0.208
P s L ot | D e L 03000
s 1 P 1
RS 1 0.129 0. 185 0.247 PR = 1 0.572"  0.490**  0.473 "
S ey il 1 -0.008 0. 208 o ESiil 1 0.249*  0.377"
HOL A H R 1 0.370 " HOL AR 1 0.427*
[atis 1 P 1
3 it PR ACAR R Z2 M 0 R T 6.86% o AKX b &

FIAEARTE &y K 3 B SR T A A 2SS
MR VR R A 3 R A I 3 PR A ) e K K
14.12% 22. 57% F1 11. 78% ,Z£4H 43 5l B K i 35 18 K
2.52% \7.24% 1 4.53% ,iX 570N BB 5T 45 T AR .
FERESVEWR S5, 4 w3 it A £ A 1) e A o 25
B AR (AR TR0 16 7 K B, 389 o it AES
ST AR R ZERE R AR 1 I A I KT
) 7 e A e A A v BB K - R 3 0 e i i 30
AREE MR AR . X RIS R A
ek 7 AVEYAR R 0 ARG T ol AE R R E
FEAE T B S
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A 1 F R 4 R e R A AR
FK B A WL IR AE A . i <AL 4 i
TS iy B 0T, 28 W A R K 4% 3R 40 I
W B Bl g, o & A RO A IR S 1 — S
B Y AL R R AL TR R,
5% 00 R0 1) 26 W A T O 1 RO I 4 1, U 3
MR LGB B T 3 K A i 214 iE %
B R AR S 2 R R B T R A
TR e W, A T AN R b B A4 B R A O
AL B, AL R R TR I ) CO, vk B T
T, 2R R T, S ) B AR R I e A Rl
THEG o 95— 7 T, B DX A Ak B A5 0 4 22 a AT
oS SRS SINMUNCS X (P et AL AN R 3
A RE R4 B A A G XCEE AR T R,
FE R TR B — B AR T A R R B T
B o ARG T T A A S ST S R 0 e b
P B R RO R, Ao LB,
R UG AR DX MR PR, R A5 AR b A
F i FOb S RN R X 45 AR R 5615 F 96 BRI
Qb B AR R O A R A B R
Hh T A A1 S50 A0 R S A 3 [ — i AR K S T i B
A PR B AL S R R BN AL B A B R
B BRSO A R T AL TR 2 S 3 W X AR
X+ 38 AT 0 R B S 7E — R b Al A R i <
FLETF I, A F T 38 A6 A R 9 5B (€O, ) o
U, TF A6 A SRR S I K A 4 % a IHSEE b
T 45 2 1 o IR KAk 0 A ARURE IR L AR T
RS AR A W . SR, 07 20 R Wit
Ik FH 6T A R 4G A T R R B X S SR
26 o e A e ok RO £ B R L O
AR, 33 AT A A 35 B K S R ) AR AR 5
BN [ 51 G, Rk, A 8 B A ] A0 7T i S i 4%
SRR B A W) B P 3R 4 R et
L TEAE Y A KB I) AT BRI TR 4 4% b 2R B 5
R T 5 00 6 A A o M 2 Ak B8 8 - A o 2t
ZO R ACFL G R I AR v B R R e R
FbR T4 A B, AR 5 P i KT
X T A Al 5 0 SR S I R AR 2R R T
Jo A AR SRR R S M A B AR 25 A
SR T TR B RN R B R (R T) .
%5 2 HWE T A5 F AR X B S R S MR e L
B8

AIRI & (3 9) , B BESUKF T il Ak
SRR A BR B LR O A R S B O
RIS ZR (P <0.01), 35X 2 U] 5 i < 4 38 7% i bk
M A EOCAEER S R YL R, BR

JHE TR Ak L P 3 - HE PR BT R4 M AR AR A Y 2 il
b AR R T b0 R bR R L ZEORLAE R A AR T
A AR AR A AL T4 R BUR SR = i
FHASE T A W U T R T B T TR Ak L RRR
FR TR 20 B 0 OR 21.04% (11, 14% o fE R
i A T i R ORE 5 Ak B i B T T Ak B
AR B Ak B 2 a7 SRR B BR L SRR
AR R R (L 9) o mttal i, AR
HAE R IE K P T BEAT v B T T X A R AR 3R
7R AR R R AL N B W] 2 . BHATTARAL
AT W B AHEWE T IR T R K
B PIT A Jo BE R R S W SR R A Y
e, SABETEEE R — B, A, ok i b
AR T R TR R A (H BE N T R T e R
Th e e B AR 3, b I K ST il o e, U
WY 7 U W A ) 1) i 4R R i B K7 9 B A fe
BEFEEESE N, n] AR T IS SR A RR G K, R
Wiy 76 730 T AE 25 5, S B0 SR AT, X0 3 A A R Rk
AN RIAE AT, AR AE K SR #8772 e i, Ui )
T 8 B A2 A R 7 o i e e AR A e I e A 3
Ab TR IR RS, R AT AR R 9L R
B MR B R it AR A B X IR T b AR KR B
BARR 7 R AR AR AT AR W PR R (HLSE A
HEIF A — B, M AR B 0 0t Ak PR U
AR R b B RR R B T R X B R KR Y
SINSES N SR AN i) N I BN e e
IR 0 B, a5 A B SOICF Oy e B SKCF- i 1R il IE
IRV HIE ACSF U 2 28 B A X B B A A
SR R R W N 2, AT RE R AL B A A R i
HE 7K - % il 4 7 8l 2B A 8 AR L BB ER B R T
A A [, XUIAE TR N A T — TR R B
WA R, 2 AR TR T & A RN R W, e
Sy M AT RLMRAE KAR AR O A RENE T R R
2 il 7 i vy g T B PO K P A R B AR
I L 7 A A M O E A S

4 g

(1) 107 P B S T T 8 0 T 8 7 5k A R A
JeA VR XA 35 5 o e g = e I Ak B 0 b
M HOLAER AL E EBER AR aF
A ZRER b R T AR AR B

(2) [ — it AL 7K ~F- T, B Ak B0 28 it -+ 4 Jot B
F R B R TN R A B R S AL BT
R R A A B A B Ak PR 3 ) e R B s 31, 66%
H136.95% , i e S HE WL AL BE T 1 e AU R B
R CE R Ak PR R MR A 0 Bk ™ B R PR Jo R 8
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Wit B = ) T L T R R e R 7 B A
g W OO R v I Ak B e R R ™ R B AR R R
TR TR VRS Ack B vy 00 2R Tt Y B A1 ey M O TR
JE A B, i I B SR Sk 7 U R A SRR AR b B

(3) D3P i U3t TG 98 JIE R 5 7 i Bk ™
G R MR bR e ZEHURI O A R B B B R K R A
(P <0.01) , iy g P T8 Hh JIE Ak 4 8 = 5 A R

PR 2RI A6 A A OC B H0E T H A il e Ak
B, R, 255 % TS SRR A 45 1l 36 Ak 31 6T 7 il A
RAE A PE OGA e T W B B 2R R0 A b 1Y
S, v B P IE A B (B ) 16.25% (N
P,0, K, O jifi & 24 180,90 . 112. 5 kg/hm*) J& 74 izt
B HEAE Y LU AR b XL = 2 0 U 0 IS AR A R T
B,

SEY B K,MANCEUR A M, WHALEN J K, et al. Root derived respiration and nitrous oxide production as affected by crop

HUANG Xingfa, LI Guangyong. Present situation and development of subsurface drip irrigation[ J]. Transactions of the CSAE,

P 5 R0 W B A5 T AR T T R XA K RIS B BRI o ik g SR [ T ]. JKRI244R , 2018, 49(1) : 126 - 135.

TIAN Fuqgiang, WEN Jie, HU Hongchang, et al. Review on water and salt transport and regulation in drip irrigated fields in
NIU W Q, FAN W T, PERSAUD N, et al. Effect of post-irrigation aeration on growth and quality of greenhouse cucumber[ J].

BHATTARAI S P, MIDMORE D J, PENDERGAST L. Yield, water-use efficiencies and root distribution of soybean, chickpea
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