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R5G T 2021 4 2—7 AAE T E AR PO E [X F 5 £
A3 A B R BLARR R E X (RE
106°01', b4k 38°24', ~“F¥igtk 1 170 m) #47. iR
IO AEF3E 9.6 °C, S HERES R 2911 h, F i
5N 5106 Mm%, fEXTCTE] 188 d £ 4, 4T
Y& K & 196 mm. AKX+ 0~20 cm - ZFRALITE T
N BT & 7.67 glkg, £k 2.34 g/kg, pH {1 8.63,
4% 5 0.65 g/kg, 4= 0.67 g/kg, 4= 47 20.30 g/kg,
AR 290 mg/kg, H A & 46.33 mg/kg, P4 H
[ KA 24.11%.
1.2 It

PRI E Wt M R 34T, KNS EE 10 m, 4 90 m,
WIG X T ARSE 75 m?. FRHE4T95 0.60 m, K9 m, Ff
FEAT I 40 om TR I B B RIBT B IR I, 4T 4k
FEZE A 38 ko 2 ZFHEATIRIEE 1 m, HiRHH A it
A, FAERAE . IEPEFONKRE N W 12 57
RARIEARL, T 2021 4F 2 A 25 HEgHR. #MFT 4.
Pk L 5 P ) 5 LA TR 22 it ST B3 A T 6B B 3 AN
KK (WL: 244 5 B E /K & 4 800 m*/hm?; W2:
75%W1, 3 600 m*hm?; W3: 50%W1, 2 400 m*hm?),
3AMHEAEKSE (FL: 7R 7 200 kg/hm?; F2: 70%F1,
5 040 kg/hm?; F3: 40%F1, 2 880 kg/hm?), ¥ L% 1.
KX, FX ALK & XA Kb,
oAb E, KR 3 RER. KR8, AHE
9 000 kg/hm?, 4 HE 1200 kg/hm?, # EIAHAE, TF
TE 2 4 B AL R AT /K IR 4% o /K PR 2 A
2 EBE R AL AR L, DA IR KRR T (Al K
R[] T0%ENFEEK TR, FFAEAL S 1A 2 45 5 5 B
JEAEATR N 7~10 dAR, AIARHE RS R B K A L BE
VAT, RIS AR KRR 11 Yk, B K AR
B AR 2 frs . #E/K sl /KR FEEH, AR
AR I8 e Y L 45 it O 2 I E R K N
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Table 1 Experiment design

i) [Gh=es

WIAY ey kRcgksny AR (ﬁﬁig
(kg hm®) (kg hm?)
w1 4 800
F1 5040 2160 w2 3600
w3 2400
w1 4 800
F2 3600 1440 W2 3600
w3 2 400
w1 4 800
F3 2160 720 w2 3600
w3 2 400
k2 HmAH R B &
Table 2 Irrigation and fertilization schedule of
tomato growth period
it JEL
" RN KRk ok
SN B 7 o} o I N 5. o
IKF G AKF - (m*Phm?)
H 3 > IR A
(kg hm™) 2
(kg hm™)
w1 400.50
F1 420 180 w2 300.00
w3 199.50
_— 8333 w1 400.50
S 0428 F2 300 120 w2 300.00
0508 W3 199.50
w1 400.50
F3 180 60 w2 300.00
w3 199.50
w1 441.00
F1 420 180 w2 340.50
0519 w3 240.00
0529 W1 441.00
%% 0607 F2 300 120 w2 340.50
g i
0617 w3 240.00
0626 w1 441.00
F3 180 60 w2 340.50
w3 240.00
w1 360.00
F1 420 180 w2 259.50
w3 159.00
w1 360.00
%% 0707 F2 300 180 w2 259.50
=] 0716
w3 159.00
w1 360.00
F3 180 180 w2 259.50
w3 159.00
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B (7 FD, Foh e b it AT & 1 g 35 5 1
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AR IR 0.22%7F1 10.37%; F2 JEAE/KF T %
WY B, v 41594.25 kg/hm?, 5 F1. F3 Jiti
REAKSFAREG, P2 5o AN 4.50%F0 34.21%; F3 ji
BRSPS PR/ S T e
VRE 7K B X S ] K B o A L 7K R P 0 3R R)  K
FHIIEE, 1 F2. F3 HiEKF T 7K 5 R 2R b
BEK BRI TR . D, AKX B s 2
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Table 3 Yield and water use efficiency of tomato

SEELHER HE A R AT R AT A

P8/ (kg hm2)

b % 3

Ak 57 7 oy P IR FIFA R (kg M)
WI1F1 5 472.90435.36aA 10 192.50441.38abA 31 429.80+161.14abAB 47 095.204558.75aA 9.81+1.65bcdAB
WI1F2 2789.25+18.82bdcABC 8 968.05240.44cdBC 35573.40+191.08aA 41 330.704555.46aAB 8.6142.07bcdAB
WI1F3 1948.05+10.24eC 5467.95+13.33dC 20 010.00127.74dC 27 426.002378.73bB 5.71+.14dB
W2F1 4390.95+428.39abA 9 094.20+450.6bcAB 24 254.553204.48cdABC 37 739.703401.77abAB 10.48+1.46abcdAB
W2F2 4 011.4539.51abcAB 10 969.05456.11aA 24 456.60+123.59bcdABC 39 437.102421.47abAB 10.951.49abcdAB
W2F3 2 315.85420.35deBC 6 356.55443.94dC 19 353.15290.93dC 28 025.553360.13bB 7.78+1.36cdAB
W3F1 2 766.30226.40cdABC 7 854.45451.52dBC 23951.40+108.53cdBC 34 572.153431.62abAB 14.4142.73abcAB
W3F2 2890.20440.44abcAB 8 194.80+479.43dBC 31 429.80+281.90abcAB 44 014.804652.49aAB 16.4343.53aA
W3F3 2199.00+13.33deBC 6 624.45442.53dC 28 701.15281.31abcAB 37 524.602536.49abAB 15.6443.62abAB

I FSEE NG FRERORTE 0.05 K EZER: KEFHRRE 0.01 KT EZER, N,

2.2 = HHEIMIEMEE AN TIRK T BHHE
EEMHNAFKELAET 0~20 cm 42 3%k
EEKERBIE 4 Fis. ASEFEIEAKT T SRR
PR BT E A KSR LI EHIE 6 H 6 H, 2
Ja b A2 B BT AR, 2R IREEK G X IR
HBIEAE, AN AR A 48 0 B K R R A RE
Po FL AEAKE T, S KA 38N [F] i Y 398
KRR A3, W1, W2, W3 ib#E
ZERARE; 2K, 6 H6H, W3k,
W2 B IR S KR E R E, W2 4bF 5 wl

WHEREE; 7H6 H, W2 s wl bz R
Wi, 6 A 16 Har (EPRsc#), Wi kb4
Ji R KR 8D JE B I F s> i B, W2 kb3
SR SR B, W3 A3 L SE N 5 e )
A, RIKH W3 ALEESWL A FESW2 403 6 H 16
HZ 85 AR W], b KRR L3 R S K50k
DRI, RN WL A FE>SW3 A FESW2 AbHE
F3 MEAE/KT R, A0 358 5 & S /KR il sh
T —8, BHMIEEEZER, W2 A+
FERS KR W1, W3 AbH 5 4.97%. 6.69%. /K
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B8, ASFEHERE AT 38R A KR A AN
W1 ZBTF, F2 R LR E S KET 5 A
18H.5H27H.6H6H.6°H25H.7H6H
iP5 FLEAEKF R E S KR E R BE, 5 A 27
H. 6 A 25 Hi 5 F3 JE /KPR RS KEER
B, AR F2 HARAKCSE R R S KR
BIH AN 18.28%, MG & T F3. F1MEAE/K T W2 &b
R, B A K B - e S KR E AR, FL,
F2 e K- ) L3 i S KR ARG [R], 5 A
18 H—6 H 16 H -8 s Sk R ew L, 6 H 16
H—7 A 15 H PR T B, F2 JIEK T BRiE R FL

Jita BB ZKF B 4, B3 AR /KPR 1) - 88 75 /KR AE 6
H 6 Hik#F| 23.40%, NfmE(E, MG &g
W5 FL RAEACTREE; W3 AHER, REAE KT
B3RS KR 6 H 16 HZ RN Rz,
B o B T R HERS AR R R SZ, Herh F2 B KPRt
W RS /KERLES H 27 HE FL. F3 HafE/KF 3587
BUKRZERWEE, BHAEFH LR ESKE
SPEME R, N 17.33%. kA, FBAEF A
Tt 38 i B K R IR AR S HE = AR
PRI S, AT R W2 AR BRI A KR
AR = o

£4 0~20cm X EEHEFEAHKE

Table 4  Soil quality water content of 0~20 cm soil layer %
pagi A
0518 0527 0606 0616 0625 0706 0715

W1F1 19.39+1.77aA 13.5540.27cdBC 17.2640.65dC 17.02+1.38abABC ~ 14.91+1.05bcB  15.0620.40bAB  14.77+1.75bAB
W1F2  16.20#0.51bcAB  14.6240.47abAB 24.1943.13abAB  16.650.43abABC  21.60+1.41aA 19.314#2.18aA  15.3840.55bAB
WIF3  14.080.49bcB 12.780.61dC 22.460.36abcABC 12.7540.64bC 15.6242.50bcAB  17.2540.74abAB  13.56:+1.26bB
W2F1  17.1240.84abAB  14.5840.62bcABC  18.93+1.29cdBC 19.6642.12aA 16.0141.37bcAB  16.50+1.04abAB  15.25+1.06abAB
W2F2  15.9241.89bcAB  14.4330520cABC  18.2140.33cdBC 20.17+1.32aA 13.2140.36bcAB  14.13#1.25bB  15.030.15abAB
W2F3 13.7740.60cB 13.8040.41bcdBC  23.4042.09abAB  17.39#3.18abABC  15.77#1.36cB  16.45+1.50abAB  13.33+1.45bB
W3F1  17.3840.72abcAB  13.3620.47cdBC 18.41+1.72cdBC 19.3241.37aAB  16.0840.92bcAB  16.02+1.08abAB  18.37+1.48aA
W3F2 14.50+1.36bcB 16.4640.89aA 24.53+1.953A 17.29+1.44abABC  16.56+1.64bcAB  16.9040.31abAB  15.0720.73bAB
W3F3  14.180.791hcB 13.3340.73dBC ~ 20.0240.31bcdABC  13.1440.35bBC  16.2742.44abAB  14.9440.40bAB  14.87+40.20bAB
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FHN W1 A FESW3 ZbFESW2 AbHE, W2 AbHE T 5t
#120. 40. 60. 80 cm £ JZHHBLIH B HMK AKX,
T W3 4b37E 20, 40. 60. 80 cm /2 I E &KX,
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B OFL HAEACEE N, F3 MiAEAKSE T, BIEFRE S K
2 B K B IR Je kb R N, R W3 Ak
FESWL AbFSW2 AhFE, W1 &b BT 3585 B Ak sk
B 28 % FE R A 1 2 R B I35 N i& i 4 /)N, 60~100 cm
T2 R E S KEREE 16.29%~16.66% 7], i
KEH W2 /b 3] W3 AHER, I S KRS
LR R 2%, SR IIBEAE I T HERS AN [F) )2 1 438 i
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2.3 KB E X LIEBHRER S

hE 2 a4, 0~20 cm LETHEAYIFRES T
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TR AN ERREKE R s>, ot w2
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24.30 g/kg, 5 W1, W3 WbF 2R, RGN
29.80 g/kg, W3 ALERRIRR S (1) L35G BT B3
HI&, 74 29.00 g/kg, 1 W1 AbFE 2 ANEF BIRAHL
R EASEIE /N 20~40 cm L EAHURE LR EE R,
A KHWIAITE 14.60~15.60 g/kg 2 [A1484k, Fifk)E W1
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Py Bk JE 43 WL & S AR A TR A BE 43 ) 15
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T e b JE 3N, R W3 AbHE A AL R
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19.88 g/kg.
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Fig.1 Spatial distribution of soil quality water content
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Fig.2 Changes of soil organic matter
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Table 5 Analysis of variance of available nutrient content in 0~20 cm soil layer
6 9H 8/6H
st \ ,
TR AR (mg kg?) AR (mg kg ) R (mg kg™) TR AR (mg kg™) WA RI(mg kgh) AR/ (mg kg™
W1F1 85.005.52dD 155.608.18aA 408.0046.41dD 155.401.64cCD 213.7010.44cC 435.00417.2¢fE
W1F2 92.004.94dCD 129.0046.18bBC 320.00+14.9¢E 106.408.79dE 196.003.4¢dCD 450.00+18.77¢E
W1F3 118.006.67cC 159.3045.82aA 318.0048.69¢E 103.6010.97dE 208.706.76cCD 310.202.61gF
W2F1 180.0048.03aA 167.9049.63aA 823.00+11.37aA 189.7042.47hBC 331.10417.14aA 670.00+16.860B
W2F2 92.005.03dCD 126.4045.48hBC 548.00+14.42bB 193.9046.7bBC 265.009.65bB 485.0047.77dD
W2F3 149.008.75bB 109.506.23cC 335.00423.18¢E 137.20410.63cDE 170.001.46dD 305.20210.91gF
W3F1 85.0042.96dD 87.90+1.58dD 515.00+10.39bBC 263.20411.82aA 111.0046.74eE 770.00417.27aA
W3F2 114.00:414.57cC 119.60+47.19bcBC 475.00420.21cC 250.00422.31aA 299.30423.32aAB 540.00410.73cC
W3F3 91.0041.62dCD 134.5045.37bB 258.00+10.96fF 211.40421.12bB 125.50413.33¢E 415.0047 51fE
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The Combined Effect of Irrigation and Fertilization on Soil Water,
Nutrient Transport, Yield and Water Use Efficiency of Greenhouse Tomato

YIN Zhirong, KE Ying, CAIl Jinjun
(Institute of Agricultural Resources and Environment, Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan 750002, China)

Abstract: [Objective] Greenhouse vegetable production relies on irrigation and fertilization. Improving their use
efficiency can reduce the operational costs and environmental impact. The objective of this paper is to find their
optimal combination for greenhouse tomato production. [Method] The experiment consisted of three irrigation
treatments: conventional drip irrigation at 4 800 m*hm? (W1), reducing W1 by 25% (W2), and 50% (W2); and three
fertilizations: high fertilization at 7 200 kg/hm? (F1), and reducing F1 by 30% (F2), and 60% (F3). In each treatment,
we measured soil water distribution, and yield and water use efficiency of the tomato. [Result] Fertilization and
irrigation were strongly interacted in their impact on tomato yield, soil water and nutrients. Compared to W1+F1,
W2+F2 and W3+F2 reduced the fruit yield by 16.26% and 6.54%, and increased water use efficiency by 11.62% and
66.56%, respectively. Soil water content in the 0~20 cm soil layer exhibited oscillation in the range of
13.33%~24.53%, but overall showed a declined trend as the crop grew. With the decrease in irrigation and
fertilization, the gradient of soil water content at the depth of 60 cm became steeper. The average soil water content
under W2+F2 and W3+F2 was 16.53% and 16.84%, respectively. Soil organic matter and bioavailable nutrients were
more abundant in the later growth stage than in the middle growth stage. Soil organic matter and bioavailable
phosphorus, potassium in root zone were comparable in all treatments, both decreasing with the decrease in fertilization
when the irrigation amount was the same. When the fertilization was the same, a moderate reduction in irrigation
amount could reduce the downward movement of alkali-hydrolyzed nitrogen, bioavailable phosphorus and potassium,
thereby increasing nutrients in the root zone. [ Conclusion] Among all the treatments we compared, the optimal
irrigation and fertilization to give the best yield and water use efficiency was drip-irrigation with 2 400~3 600 m*/hm?
of water, and fertilization with 3 600 kg/hm? of liquid organic fertilizer and 1 440 kg/hm? of water-soluble fertilizer.
Key words: irrigation and fertilization coupling; facility fruit tomato; yield; soil water content; soil nutrients
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