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1.1 i3 XHE5

RIS T 2018 47 3—8 H i A8 7 AR 1|1 J5 11 7 4 g 5| 8 B X rh o B 22 L SR AR B b D iR = v gk
A7, 04K 1 1151 me 150 H B3y s+, AR &8 1.38 g/em’, H B RF/K 2 (5T & 57K Z) 8 19.12%.
+ 45 pH 1 N 8.53, 4= £h 84 0.84 g/kg, A WL &4 11.38 g/kg, i % &4 72.41 mg/kg, i %01k & 41.59
mg/kg, B N 478.63 mg/kg
1.2 R 5305

T30 126 P VR K RE A (RO it A S A CIED A1A4RF3 7K*iii§§iilﬁ7kjﬁ%£%%
WK PE A S B COMBRE KR FOINME o e nﬁﬂEmﬁ;ﬁ(ng@é AR
gﬁ%‘f,/[\%\%&ﬁ3/l\7kilz,%ﬂq Lo(3H)1EAS (m’-hm™) (kg hm™) (mg-L" 7K/ C
Bt Horb AR SCRR 4 O S R, . . iy .
Hit oMb, KIEH R 5K PRIGMRE TR s 210 105 95 37

WL LAE2, HIMEE CKAFE 14, K ED N
FRKCE AR IE A IS AN, He 10 AN b AN R 3 IRE R .
%2 AREIRFERRBFE
SN

A Ka fEB) (O (D) A
Ti 1(90) 1(45) 1(7.5) 1(29) AB.CD,
T2 1(90) 2(75) 2(8.5) 2(33) AB.C.D,
T3 1(90) 3(105) 3(9.5) 3(37) AB:C:D;
T4 2(150) 1(45) 2(8.5) 3(37) A:B/C:Ds
T5 2(150) 2(75) 3(9.5) 1(29) A:B.C:D,
Te 2(150) 3(105) 1(7.5) 2(33) A;B:,C\D,
7 3(210) 1(45) 3(9.5) 2(33) AB,C:D,
T8 3(210) 2(75) 1(7.5) 3037 A;B.C\D;
9 3(210) 3(105) 2(8.5) 1(29) A:B:C.D:

VE REKUCECN 36 Y0, BB ET 12 70, I K 18 Yk, InFA H I M T S SEit JF aG R 2L B U6 45 .

BEAN AL PR R —N/NX L, ANX K 5.5 m, 2B 55 0.7 m, ZE[E B 0.7 m, THIAR 7.7 m*s 28 LA B 24T1EW AT HE N
0.30 m, PR 4 0.45 m, (ERXBARS ORI, T 2018 4F 3 H 28 Hg . e AT#& A=Y HLAE 15 000 kg/hm’
(CH B E=45% , N+P,0s+K,0=5%) F1 = 6 2 4 I 300 kg/hm* (N P,0s K,O Jii & A 150155 15) F RS it J
A, AR 2B A ¥ 2 WP AT P9 B 2R HE S, Sk IRV EE O 0.30 m, B IR, 4 F 16 H T AR 92tk 5: , 8 H 17 HEikk,
EHEH 143 d.

B IR BB AR R )BT B 28 A HEVR 50 em U TS RIB B I . AN /NX AP 8] FE IR FE 20 cm b
P52 PE b AR IR AT IO, 7K U5 R K BH BRI A IK AR , BEAN /N X 38 152 [ 245 il 1 H D0 #4288 R AUE 2 A4k
TP 75 A AE KR . IR KRS A 177, R R A oK SR A 2 B A R S Sk B R A 3t
FINS o 38 B 55 i R R 70 KB B RN P05 K0 B B EE A 15:15:30) , HrK Pt AR s & 900 kg/hm?, %
FH S e B i I 25 B 7K e A
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& EE AR BIFAR I 3 R R Y, 5 A BEAL IR B 9 ik, SR A A8 ROFIE bR - RUE BRI 4k v
M= SEBNBOEBEG T RS0, BN EAE NS 3~4 5467 BEA I Fr 5 5K FH LI-6400 18 4% 0Ot &
A, T 5E BTG Gl 2 R R RIL RSO ETIr . P EICE R 3 B SE T E, AR
AIFRE TP D0 FEIR K A R AR S B R TPB-607 B ¥ Al S8 AT CEEA T I 5 , 8 i H i ARG TR 2 I
DAL SR A KR -

R geE K R 2418 H Excel 2016 5E R, K H DPS 7.05 #4782 5 77 ZZ 5507
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2.1 AEACIBTERKSAMZENT L
P 1 AT 50, 2 AL BRAE G P A AR A, A BE St J5 , ZE R IR R T . AN E B, Bk & R R E
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B, HBEREK BRI R, M H 2 Rl R, X 5 B 74 R — 3. 45 R AR, KK AL BB = A AR
Ak, T R K S K AR FR AR AR K . TO AL FR IR i e, BE CK K 7.19%; T1 AL BR IR A , Bb CK B4 27.20% .
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T7 225 WA » 4 TR 28 X6 BRBSU: 15 140 5 M 513 A 8 7K g 00 > it JIE 58 2600 > ¥ 4 i > Hb IAVE KR . B 2 7]
B S BRI J7E 7K 8 400 Y5 A, L A I L 4 3 DK T 388 v 5 i it T e 00 ) 3 K S = S BRI
k3 k@ B4R E S AL R

A SRR SR H ¥1J5 F8 BN
K EH 9791.271 2 4 895.636 155.514 9 0.000 1
it JIEL 52 25 50.353 7 2 25.176 8 0.799 8 0.464 8
by = 27.647 2 13.823 5 0.439 1 0.6513
Hi A KR 2.598 1 2 1.299 1 0.0413 0.959 7
R 566.643 18 31.4802

F o Fon(2,18)=6.01;F,(2,18)=3.55, A,
T3 ZE 50 AT AT VB KRR IR SBROPRUI: i 2 M B S 3 it A S 0 VA A A KR A R 3
FH ] 3 AT 0, 22 AR A S PR s AR RL  (HAE 5 SRR A5 A BR IS R 3G K . T8 AL 3 ZEHH 4R K, 4 14.99 mm, B
CK 1K 6.31%; T1 AbFE# /), 13.27 mm, Hb CKIE/N 5.87%0 5 2543 M AT %1, 4 DR 28 6 AU w3 4D 52 i it
JNHE 7K S > ML 7KL > il IR A > Vi R

16 150
12 r
E / o/‘/‘ ,//
= 8
B
y L
4 ¥ +— T3 T4
—x—T5 —eo—T6
—a—T7 —e— T8
" T9 + CK 13‘0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 \ 3 : g " ) 1 2 3 1 2 3 1 2 3 1 2 3
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FT P 4 ) 580 I B 7K g 0 i I 5 0 AR S R K TR 0 e, SRR K. O E AR K E A
XA AR R MBI 2 Tt S 5 A A R L AVE KR R R AN B3
R4 RMEMEARF T EMER

A KR SFITAI H ¥1J5 F1H e
WEZKSE A 55747 2 27873 7.9573 0.003 3
it L 5 25 0.7213 2 0.360 7 1.029 6 03772
TR 23952 2 1.197 6 3.418 8 0.055 1
HAE KR 0.408 9 2 0.204 4 0.5837 0.568 1
RE 6.3052 18 0.350 3
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22 KEESHBEIREHRBESERNZ N
221 KEA#MAZEIE T RIS RE(P)OR 0

NPRUESGIE S 3K R A E Y6 & E L e B E /K 5 B BAJE 2= KA T E BOE & 1F
Mo BREE R KRER B T8 B K E e, (R E P BREN. B S Bt R % ab s
HotamE Nz, MBS LG LA E SRR, R ELR HILAE 12:30 /24, WEE
PLTE 10:30 F 14:30 /& 47 . T8 Kb H ¥4 6 G sl R i K, 29 20.94 pmol/(m’ - s) , 7E 2 IR IEAE &b T8 Ab#E E CK
A3 K 23.68% 1 17.71%, T1 AbFE EE CK 43 51 F1I% 26.69%16.36%
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8:30 10:30 12:30 14:30 16:30 HEARERT WA E RS Hb A KR
i 21 R 2% 44 R S 7K1
B 5 RE A RS SR E B6 AU XA RELERF KO

T3 2257 M A5 4 DS ZORT OB 't £ 3 2R F) S MR 9 98 7R 0> T A R 30 > MV KR > IR .t
6 T LA H 5 VEZKGE B T A A B AAVE KGR 5 U PSR RO IE A O, T M I A8 L B BRI . X2 R
VRE 7 RE U T2 14 e AU AR A QU BE 70, Ol A Y1 9, 3 Dl 5 T 4 G K 5 — ¥ ] P 88 Rt S & w4
IR M TAEAE R K E AL SRR, TR R A & /E RIRES . BEE BB /K P i e S oK, T34

BRSO 2 AR YRS S W AR A o RS R AL RELARE T ENAER

R K BB, I AEYD el 3 K 4> 5okl T i EEL Wi FIi BEE
BERG, B BR A VE ] o M3 K R A 11 HEK T4 219.941 1 2 109.970 6 32.073 5 0.000 1
- = . 2 AL it JE € 30.666 7 2 15.333 4 4.472 1 0.026 5
i BT R MERH A9 20 ZOB L e A AE VAR 11622 2 0.581 1 0.169 5 0.845 4
HA 9 WHEAR 153067 2 7.653 4 22321 0.1362

J7 225 Bt (3 SO R R, HE 7K 58 A% R R 61.716 7 18 34287
PG E R R AR 2 Tt N S A i i 3, VA AL B RVE KR S AN 3
222 KEAMAZ LR ERBAM R E(T) M F R

H IR 2 AN R AL T RS S A 28 1 2R 510 & I AR R BUR A, i th 26 (B 7D, 4R
T E/F7E10:30 oAy, FARALE 14:30 2, s tHIRAE 12:30 ZcAq , RE“/PARVIR R o 722 DMIEAE AL, 10:30 I
Z: T AbHE 5 K, L CK 48K 30.62% , T1 AL H f7 /N, Lb CK PR 12.67% 5 14:30 B %1 - T8 AL BE 550 K, H CK 3K
10.94% , T1 4b ¥ £ /) , b CK P& 1K 26.52% . A H Ak, T8 4 FE EL CK 38 K 1 49.04% , T1 AL # HE CK B 1K T
11.26%.
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HH 7 22 3 AT AT R 4 DRV 2R BRI L 9 < EE 7K R 00 > it S 5 2 > s AV /KT > W L. I8 T AR H
I8 T 7K S LV SR St EAVE K T PO, OB 3k R B 484 K It I 7 A P 8 o, 28 s i R S 1 KR
PN o
J7 225 (R 60 RIRL, HE 7K 58 BION BRARUE ts 3 2 200 08 2%, T AU e 00 8 P S L VB KR I AN R 2
K6 RMABREEARNF T ENITRLER

A AR FIR H e Y175 Fli BEME

HEIRKEH 353558 2 17.6779 45114 0.025 8

it JIE 5 92328 2 46164 1.178 1 03305

TR 8.074 4 2 4.0372 1.0303 03770

HhFAE KR 14.156 6 2 7.078 3 1.806 4 0.192 8
R 7 70.532 8 18 39185

223 RIEA HABE TR T HRMAILFE(G) R R

RALF R N AR ALIEE ) — 0 AR PR AR, i 9 mT AN, Bk s B b B S AL S H AR
5 P TASGE AR ], XY, 43 HITE 10:30 2245 F114:30 A2 A7 IR BIEAH L 12:30 £ A H IR . WEAE AL,
T AL HR 5 K, b CK 43 I3 K T 37.82%124.72%» 55 1 IRUEAE, T1 AL FR AR, b CK I/ T 58.81%, 27 2 IR IE
{8, T2 AL FREAR , L CK IS/ 1 24.44%

0.8 —=—Tl —e—T2 0.50
LSt E A— T3 T4
—%—T5 —e—T6
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= £ 0.40
< g8
E —_—
é 0.4} g 035 1 /\' - .—/
< B
£ o 0.30
e 2
e i T 625
0.20
1 2 3 1 2 3 1 2 3 1.2 3
08:30 10:30 12:30 14:30 16:30 TE 7K SE 0 Jite I 7 0 R HhIAVEKIR
F 1) X 2 44 Wk B K
B9 R &M AILTF K B10 #MAILFEEERFE KT

J7ZE 03T 4 TR R SRR 29 « R 7ICRE 390 > it L 5 00 > 3t BV /IR > VA e 1R 10 R 58, 7K S A
TE R KRS AL T BE R RN IEAH G, T JE 58 AR I A S 1 R S5 1/
AT AIAFEEARF T ENHER

RS Ryl ERiE]ES Y175 FiH B
HEKE 0.243 3 2 0.121 6 8.898 4 0.002 1
it 2 0.085 2 0.042'5 3.1089 0.069 2
AR 0.002 6 2 0.001 3 0.094 0.9107
A KR 0.021 4 2 0.010 7 0.7816 0.472 6
R 0.246 1 18 0.0137
J7 2253 AT AT, HE 7K S8 RO RS L5 B S 2 it A S A0 VA A A R KR I T3
224 TREAF ML R 69 T AL B g,
A SRR BB AR (ARR ~nl 1 o
DB, NENTTUES, SOMESET Lyl a5 e
¥R IR S 3G K Dk N 3, FEAE AL S HA PR E Ll =T
S5 R HIA B i KAE, 45 ROR kN . & A BB gn
T AR KRN TS /b3, e /ME N T AR EE . 45 Z"S
) A ISR TR Ab3E >T7 Kb >TO TR >T5 kb & [
P >T6 AbH >T4 4 # >CK>T2 &b >T3 4 # >T1 5 =
. . FFAEAL R 45 LR 25 2SI
RbFE, T8 TSk F e % 4 R AR AL ) 4 p—
AT IR T 85.03%.38.26% , 45 TR M HE &5 B b 1 B 11 R AT R BHRHUOE LR ETAYS
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B T 17.26%.
2.3 KBS B E XERAT 2195200

& 12 /AT, &b BR R = 8 B — @ 2 5 @RI 4 T8 4B >T7 4b#H >T9 4b B >T5 AL 7 >Té6 Ak
B >T4 A >CK>T2 A B >T3 b HE>T1 0B, Hodr, T8 AbHE ™ & f 51 (58 597.40 kg/hm?), 5o /NA T1 b3
(23 935.06 kg/hm®) , CK 24 40 363.64 kg/hm®; T8 Zb 3 Lt CK 34K 1 45.17%, T1 Ab#E b CK FEAIK T 40.70% .
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3 o it PRI YRR AR Lt -FAL A e S
TT T2 T3 T4 T5 T6 T7 T8 T9 CK HEAGER EAEE A m%% B A KT
AbEg SRV &I
B 12 7R A BT HRoR = 2 69 %R B 13 #a & 5 &BHFE KPR

T ZE 53 BT A 4 DRI R OGS BIOMU B (10 532 M ML Ay = VR 7K g 00 > it IS 5 200 > Y g 28, > M RVE KR . B 13 T
K0, FEBIG 26 AE T S MO ACE B, — 7 VO Bl N B e AT i, B VA R A R Tt AVE KR R TR AR
KRH WAL R 8 2R (¥ H (0, 0SS Bl o, AR 47
k8 HIMFEHARZNT EPATER

AR SRR R A BJ7 Fii wEN

TEAKER 457770 519.201 0 2 228 885 259.600 5 365.605 7 0.000 1

it JIE 5 25 71502533123 2 3575 126.656 2 5.710 7 0.0120

VB 1199 465.275 7 2 599 732.637 9 0.958 0 0.402 4

HhFAE KGR 540 669.522 1 2 270 334.761 1 0.4318 0.6559
R 72 11268 791.765 3 18 626 043.987 0

GE R AT ME K e U AR 3 A S AR R AR R KR AN B SR B R AR
LR R HIERAE C R EMEER, 3 H B H & 75 N AB.CiD;, BIHE /K 2 1 210 m’/hm’ il AP 72 4 75
kg/hm’ IR AR 7.5 mg/LHUAE /KR 37 °C, e = 504 58 597.40 kg/hm’, EZKIRELH 36 1K

34 8

D 7K AR 4 PR 200 1 6B T8 | 728 1 T80 6 52 10 5P Ay < 7K o 20 > Jit A 5 0 > b AP 7K IR > Vi S i
XS FL T E R B b - E K 8 50> it JIE 22 40 > A S > s A KR

2) 7K A 4 TR 2256 BRSO B 8 b A= B 520 1 92 25 1R < 16 B R PR B R A E K S A ) A
2 it A S AR N 2 T A A RAE KR AN B 2 R R AL BE R R K T B e B3 TR
BV A VB KIR A B2

LA IR AR A I 4 PR R A RO & A= =520 DL & 275 4H A AsBLCiDs, 1 8 IR 25 e Al 7K1
HA R ABLCiDs, R K E AH 210 m'/hm’ it AR 7€ 10K 75 kg/hm’ il 5808 7.5 mg/L ML EVE K IR N 37 °C,
VE K IRBUN 36 Uk, e 72 N 58 597.40kg/m?s AL ALFE L CK 3677 45.17%.

2k LR, KA 4 R R G R RS, W] DU DR 3R BAEAE D EAR R 3 , G A P 3 L 45 2R
5e, Kbk 2 s mifEW A KR G B EEE -, DK, DOKGEIE, [FE, DUIETEZK , g /e 207K 55 Fi
TR0 BT s I ASCE G T DA s - a0k, 3 R S &, R TR R (R R AR K, FIE, 7 2
AR T IR R VR R FEARRRAE FHU, 23 A LIS, o5 R L 3R 54 5 R I FAKBEE , v 1 v L 3R
£, A5 RS 210G RO WA o
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Impact of Water-Fertilizer-Air-Heat Coupling on Photosynthetic and

Yield of Pepper in Greenhouse
ZHAO Ce', TIAN Juncang"*", OUYANG Zan', YAN Xinfang"*’
(1.College of Civil and Hydraulic Engineering,NingxiaUniversity, Yinchuan 750021, China;
2. Ningxia Engineering Technology Research Center of Water-saving Irrigation and Water Resources for
Modern Agriculture in Arid Areas, Yinchuan 750021, China; 3. Center of Engineering Research on Efficient Utilization of
Water Resources in Modern Agriculture in Arid Regions (Ministry of Education),Yinchuan 750021, China)

Abstract: [Objective]l The aim is to explore the effects of water, fertilizer, air and heat coupling in soil on
growth, photosynthesis and yield of pepper under solar greenhouse conditions. [Method] Under the condition of
non-cultivated solar greenhouse, through the four factors and three levels orthogonal test, according to the results
of range and variance analysis, we have produced the order of influence of four factors, the significance, the influ-
ence trend of each factor and the optimal combination. And, irrigation quota has a significant impact on many in-
dicators, and it is the main factor. [Result] The results of yield analysis are as follows: the order of four factors is
irrigation quota > fertilization quota > dissolved oxygen > water temperature of geothermal pipe; the effect of irri-
gation quota is very significant, fertilization quota is significant, and dissolved oxygen and geothermal pipe water
temperature is not significant. [Conclusion] Combining the influence of irrigation quota, fertilizer quota, dis-
solved oxygen and water temperature of geothermal pipe on Photosynthesis and yield of pepper, the optimum lev-
el combination was determined to be A;B,C\D;, and irrigation quota is 210 m’/hm’, fertilizer quota is 75 kg/hm’,
dissolved oxygen is 7.5 mg/L, and water temperature of geothermal pipe is 37 “C. The total irrigation times were
36, and the irrigation quota was 7 560 m*/hm’. The yield of pepper was the highest under this combination mode,
reaching 58 597.40 kg/hm’. The yield of the optimum treatment increased by 45.17% compared with the control
treatment. The coupling regulation of water, fertilizer, air and heat in soil can provide theoretical basis and techni-
cal support for improving quality and efficiency of greenhouse vegetables and precise water-saving irrigation.

Key words: solar greenhouse; irrigation under plastic film; water-fertilizer-air-heat coupling; pepper; photosyn-

thesis
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