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RERAE. (7] RBA TRt %, HEERLE N, (225 kg/hm?) 4= N, (300 kg/hm?) . #= %% C (Jo
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Fig.1 Relative humidity and air temperature dynamics

during greenhouse growing cropping season
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Table 1 Soil physical and chemical properties

pH {& LA Y (g em™®) FH ) R 7K 22/%

HHUR R/ kg™

AREGkTY)  AWEke) ARGk

6.51 1.38 28

22.41

1.02 0.86 29.54

1.2 RBE&It

YK 3 3R 2 /KPR RENLIX Akt %
BEhiAE (N;: 225 kg/lhm®. Np: 300 kg/hm? .
BRI COINA, ADFIEZK B (W,: 682.8 m*/hm?.
W,: 1 024.2 m¥hm?) 3 AMHZE, Jt8 Mbse, &4
QPR 4 VR, $EiE 32 AN X, FEANNMX AR 2 mP,
HAR PRI T W2 2. %/ Xl R i R St
K, HEKE 778 0.10 MPa. ASHNA LB A) F 1 B 4t
KR B AT REAK, I A BE ) P A KA B | TR ER A
VRS SSE (Mazzei air injector 684, I[H
Mazzei Corp AH]) R AIEHEES 20 min, #1450
Sy 15% A K L EZK T IR PR B R R AR
[ 10 cm. ZhIA) 20 em HEPRAE 5K 3t (12 B o0t
sk A3t E AR B AR HERERTE 7T e . +
LT R IR HIZE (-3045) KPal™Y, /K SAf i =

(LD 5

W=0.1AXEpxKp (1D
e WoRR AL BARREK R (mYhm?) 5 A J/h
KEEHITER (m?) 5 Ep A 1 MK IR 0601 2%
MEZ&ERE (mm) 3 Kp AEYI-28 KILAEL, W, &b
THEY 0.6, W, AbFHEY 0.9; 0.1 AFALHsT R340,

TRIE /N DR FH HE R EARR K 7 5, T B
JOHN DEERE, H#% )N 16 mm, EtJ5A4 0.6 mm,
RN 15 em, SKAUE R RN 1.2 Lih, JEkE RN 33
cm, NPT IEAKAME, FRAR/INX (8] F SRR I o i
MBI ACY “H 203 8 57 , T 2019 4E 9 H
11 HEE KBRS AT, FiE% SN 3
PRIm?, fERSHAIGI 12 d B, 4 E it 107 d.
B WEAAR Y . B (20190911—0928) . FFAEAL

R 11(20190929—1030) S5 K H1(20191031—1130)
R (20191201—1226) .
PR R KBS 2 (SRR 7.1%,
BAEE 1.1%, REAE 6.9%, P,0s& 15%, K0
 30%, BEASMEITTER Fe & 0.1%, Mn & 0.05%,
Zn & 0.15%, Cu & 0.05%, Mo & 0.05%, B & 0.1%,
o E IR TR A A AE7) , SR SR Bt R 26
HAB NIKt 5 B 7Kt H ]
1.3 EME
131 EF@ A MM
15 BB SI J% KA ) — A 56 B K S B AT
TIEE AR, R A S AL A (R
R R A IR AR, FEHNE e g
P HU#EAR (Oxygen Diffusion Rate, ODR) , 7EHES
MR ZEFTRE A 5 em. IR 20 om AR S L HAR L 4R
PRI I 4 LRI, 0 I ) 9 5 H 1Y) 09:00 A1 15:00
%2 R Ikt

Table 2 Experimental design

LbE it &/ (kg hm™?) 1% WEAKR/(m® hm™?)
N;CW, 225 0 682.8
N1AW; 225 15 682.8
N;CW, 225 0 1024.2
N1AW,; 225 15 1024.2
N,CW, 300 0 682.8
N2AW; 300 15 682.8
N,CW, 300 0 1024.2
NoAW, 300 15 1024.2

K IR R IR . (FDS-100, HIHE i85 Lk
TR RA D M5 20 cm 21 B b i 315 iR &
BIKE, KL RIS BT AR 2 BRAEYIRG vh e, )
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7 J RV R P 4 T AT H v Y 4 78K LR 2 (Soil
water-filled pore space, WFPS) % Du My
T EEAT I 5E
1.3.2 #Abk = 3 A
FEREA/NX BEN LR G KA I 2110 3 ¥R, WA
RS 5 10 KT8, 4 7~10d W& 1 kbkm. R
Logistic #5745 Uk mr gt 47 dE R ik mA LS (R
(2)), X3 (2) R T H I K %7 2 (R (3)),
MRAER (2) M (3D AR H BHURR = 0 541 S 5
M, 58 SV Aty 2 AR B K K s R Aot 7 )
A RE, 1t KR B 2 DAL Vo Rk
PO HAR IR 4. by MR T BE Kt
2 LR 3 o, BRI N: O~t, NETEI . tts

NPRIEIA . ta~co NEEIE I .
=2
Y_ 1+be-kt ’ (2)
-kt
Y= abke . (3)
(1+be'kf)

b Y B bRE (em) 5 t NESRE)E KE (D)
a. b Ak JRE A i AL
133 AhEf =M

BRUR Y, EEEA/ DX LR 3 PR H—
RIAER,  BECORPEIBORE 5 AR IO PR L AT E0AF it
Ji TR AT RAEHTE 105 °C 2 4F N 2% 30 min J5,
FE 75 CoRAF M R AEE b &, KAE Y 0.01 g 1
HLFAERRICT TR o BB R SRR SE R
FEANXBRZE BRI 1 PRAER, B3R 4 PRI
ESLAR R, BOPEE N ZA BN 1A ER,

ML E 4NEE,
1.4 HIEA TR
K H Excel 2019 #H47 #dis ab #1221, @i SPSS
85 r
75 F
c\\"
5 65 T
§ 55
S
B 45 |
_H
35 F
25 : : : : -
68 69 70 71 72 73
At A K $ud
(a) Ny K

22.0 Gt AF A Logistic 4= KAR R I HEAT 75 225047
Pearson AHIC M7 B i B VA . A A 20 R AL
# 230 (Nash—sutcliffe efficiency coefficient, E) 4
AIFRUEL MR 2 (Normalized root mean squared
error, NRMSE) WIHE{THILG .

2 BER55H

2.1 AEICEHIEBS NS T L

FH & 2 W, AN [E) AR EE ) -3 78 K FLBR 2R (WFPS)
BB FEA T, FEKEY BT EE RN
B EEKEME 2 KT, Ny lE/KFE T
N; AW, Kb T N;CW, Ab B -+ 33 WFPS 3k 21 5 55 7K
5N T7.4%F0 74.7%, FHEL Ni AW, 26 ERFT N;CW,
A TR T 14.5%F0 12.7%; N, i BUK T 1 )%
AbFE 3% WEPS 7ERE /KA BA N AR I N,CW, ik
HI>NL,AW, Ab3#I>N,CW; AbHE>N,AW, 4B, 7EREK
JE55 2 RN ZERIBEIRK, N.CW, AT N,AW,
b PR N,CW, AEFR AT NoLAW, Ab 8 1) + 3 WEPS 435
T 13.6%7H1 12.2% (P<0.05) . Hn/< & A & &
(AR AL ] -+ 35 WFPS 6 5k 35 B2 i

REKJE AR AL BE 435 ODR ¥ 228 FREJE ETF.
Z T FEmARES (B3 o MHEEKE
AR T, I AF )+ ODR P E T A ISR
AbEE, TEREIKIG SR 2 R Ao, BhE NGAWL
NiAW,. N,AW; AR AT N,AW, AR O [A]F 21458
K, ik F 59.81x10°° g/(em? min) . FH, N;AW,
REFEAT NL AW, AEFEE N,CW, ALBEAT N,CW, AL )
1% ODR 2353 1 29.9%H1 37.9%, N,AW, 4b¥
1 N,AW, AEFEEE N,CW, AR AT NL,CW, 4 B 1) -+ 158
ODR 43 41 1 24.5%F1 35.3%. /~[7) #E 7K & Al it %
H 4} 14% ODR ¢ & #5400

8

75t
§
5 65
=
T
K
B 45 [
_H
35
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68 69 70 71 72 73
Fol fE K Hud
(b) N K

B2 RRAELRAKILRESDS TR
Fig.2 Dynamics of soil WFPS under different treatments

18



T
i
=
Bl
o
‘_H
—
S
g.
S

i
=
=
A
%
&
=
i3
B
S
ki
=
B
H
il
&
ot

80 r
__ 60
P g
z £
ﬁm ‘E 40
@
o
¥ g0
0 1 1 1 1 J
68 69 70 71 72 73
Tt JE K Hud
() N1 K-F

80 r
- 60
o=
=
B
I E 40
S5
R
w3
X 20
0 I I I I J
68 69 70 71 72 73
GZEVEPRATL
(b) N2 7KF

A3 FRAEIEARAYT HREHE TR
Fig.3 Dynamics of soil ODR under different treatments

2.2 FERIEFREcE ST

EH B4 T] 51, AN [R] Ab BRBORU = Bl 8] ) 3 2 22
iR, BRI “Ig-P-1g” fSEES .
R RI49 d, HIF R EMFEKE T, SRR
AR L, A BT FARURR = (1) 5 M 22 e A e 5 o e,
N1 AW, Ab 2 FIN; AW, Ab 2 1 BB = A EENL CW L Ak
FEFIN; CW A BE 43 G I T 11.8%4119.1%; N,AW, 4b
T TN AW, Ab 2 (1) 7k 157 BN, C W Ak B FITN,CW, Ak
A3 AIBE N T 10.2%H19.1%. {EFFTEAL FEH, N ERE
e BO0G N L AR &, REEARPRAIEN, Bl
RN FRI RS, i R AR A K

K F Logistict% 2 %) A [ b B BB = sh 45 1 72
BTG, LA R RPERL S WAR3. & Aab3
HITRRMA BB IRE RN, g AR
0.980LA |, HIEF|THE /KT (P<0.0D) , %4k
PSR 5 B AU (1) 2% 2 5. 20 E ££0.818~0.903 2 [H],
FRUEALIE 7 HR 1% ZZNRMSEfE4.14%~5.78%2 7], /N
10%, e B ZAR R T DAVEE Af A FOUBIBBURR: 20 2 2 B I
(B AR AR, ARPME S SeME A R S & . A
FE KB R T, A B = e i
KAE P35 M67.68 cm, TN AL BE BB =388 £
KABFHIN70.43 cm, —FHHZE2.75 cm.

70 70 -
b 3 A,
60 F —O—N;,CW, NS o - 60 O0— N,CW,
—0— N; AW, ' —0— N,AW,
50 | —&—N;.CW, 50 | —&—N,CW,
£ —x— N AW, 5 —x— N, AW,
o 40 =40 f
#® ES
30 f 30 f
20 | 20 | 5/675
10 1 1 1 1 1 1 1 1 J 10 1 1 1 1 1 1 1 1 J
5 15 25 35 45 55 65 75 8 95 5 15 25 35 45 55 65 75 85 95
Rt E KHud et s K¥ud
(a) Ny AKF (b) N2 7KF
B4 mRAESRBHRSHETL
Fig.4 Dynamics of pepper plant height under different treatments
k3 TR FHMB S AR IBEBENR A AR
Table 3 Plant height growth equation fitting and model validity for pepper under different treatments
. MR MR 56
a1 it — —
HE RER LES S¢S NRMSE/%
N1CW; Y=69.06/(1+7.28¢ 00 0.991" 0.903 4.14
N1AW; Y=70.63/(1+8.14¢ 0048 0.987" 0.870 493
N1CW, Y=69.48/(1+6.84¢ 003 0.990™ 0.897 4.16
N1AW, Y=70.60/(1+8.09¢ %) 0.986" 0.860 5.09
N2CW; Y=66.01/(1+7.36e %™ 0.990" 0.896 427
N AW, Y=69.53/(1+8.28e %) 0.985™ 0.848 5.33
N2CW, Y=66.17/(1+7.44e 004 0.987" 0.873 4.68
N2AW, Y=70.94/(1+8.15e %% 0.982" 0.818 5.78

I RIRIEP<0.0UKY EAFEREL R, TIF.
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2.3 NEIIEFRER S IE IR R R FHES i

K5 AN [ A BE Logistic bl & 5 F2 3K — B S s
15 2 BB = 3 KR 2 s A Hh 28 . & A ER B =1
W R Ry r gt 2k, LR RS R ) RS B AR 20
HhnJE FREMAR S . HEREEMEKET, &
fH)535~49 d, SAIMNMAAEEEAHLL, IS Ab ik
KR IR . DAREAE S35 d 9t N AW ALEE
TN AW, A0 38 PR R ey 186 K 2 AN CW AR B NG C W,
b FE o AR T 12.5% A1 16.7% ;. NLAW, 4b BRI
NL AW, b PR R R 2 48 K3 R BENLC W N, CWL AR L 7y
AR T 12.0%M111.7%.

E— 2% LogisticUh & 7 F2 5R — i S 4015 2 bk &=

10 ¢
5
c 08
S
i
ﬁ 0.6
Eﬂl
R
£ 04 —o— NAW,
= —2— N,CW,
= —X— N; AW,
0.2 1 1 1 1 1 1 1 1 J
5 15 25 35 45 55 65 75 8 95
Rt Ja K Aud
() Ny ZK-F

FUMRHESBUE, SR NRL. NFLETETF AL R
W (F2HE)541.81~45.12 d) SRR A A KA B Hf ok
HRER  Ho, NRAW AR B (1 i f K3 K % Al
P KOl S i =, 49 illik £0.89 cm/d 10,78
cm/d, N;CWAbFREAK, 1 80.75 cm/dF10.65 cm/d.
T A B ) A r R S e A i) AN I A A T8
PERT T 4.51 do MR SO T AU B 1 3G K
THCRAE N AL R 7 44°40.87 cm/d A10.76 cmid, AN
SACHE R F)580.77 cm/dF10.68 cmi/d, I AR EREGAS
T BE 23 )3 T 13.0%41111.8%. 45 b, fEBti:
I R ) AR X 458 38 AR A AU i RO R
WR, NEFEE K R K A B e R

10
S
£ 08
S
¥ 0.6
£
B 00— N,CW,
K 04 k —o— NL,AW,
fﬁ —A— N,CW,
! —X— N,AW,
02 1 1 1 1 1 1 1 1 J
5 15 25 35 45 55 65 75 85 95
At JE R &ud
(b) N2 7K

B 5 R AR S KR E ) S T AL K
Fig.5 Variation curves of pepper plant height growth rate under different treatments
4 RRAEFMI G IS AT BT A MRS S

Table 4 Plant height dynamics of pepper on the eigenvalues with different growth stages under different treatments

BEUR R R R E S 2
sl
ty/d to/d ta/d At/d Vy/(cm d™) Val(cm d™)
N;CW, 4512 15.19 75.05 59.86 0.76 0.67
N1AW; 43.68 16.25 71.12 54.87 0.85 0.74
N1CW, 4472 14.09 75.34 61.25 0.75 0.65
N1AW, 42.67 15.79 69.54 53.75 0.86 0.76
N,CW; 42.47 14.45 70.49 56.04 0.78 0.68
N, AW, 42.28 15.94 68.62 52.68 0.87 0.76
N,CW, 4181 14.37 69.25 54.87 0.79 0.70
N, AW, 41.96 15.62 68.30 52.68 0.89 0.78

E R K KSR TR SRR, oy A PRIBIIITT AN GE RN 6], ACOPRIEIIF LT [R], Vo KIS Vo BRI 2438 Kode

2.4 NELEXHEBTHIRENR~E0FMN

HIZ% 5 FI, AR, MR, IR B
T o B R R R ) EAT B 2B L, K R
AR BN R R R A R R, HN
AT R BA B E R KBS AR A AT
Y2 AN 2 R, A PR B (52 T 20
BT W 5 AT R T S R

AR, ASFIALEENS B T 5 5
ToRE W . ARG EAEKE T, I EA
AAE B e R ARG AT i A R
20

t, 7E Ny EEUKT T, NLAW, &b B Bbt b3+
V)R AR IR B R, 39 63.04 gltkAN
274.62 glfk, B N.CW, ALFE73 5N T 18.5% AN
16.5%; Np /KPR, N AW, &b B (KAt b 3814
AR B HIE S| T 67.68 g/fkRT 324.63 gltk,

5 N,CW, A A3 AN T 15.7%F1 17.0%. Hpih -
-4 5 R B B i e KR G T 3
Te N KT, SRR 13564 3 FH B ik = P 45
79 60.60 g/fkAN 279.61 g/tk, 43 lEE Ny KT B
o E ST AR B N T 16.7%1 17.4%;



Mo 55 BT Logistic B AN REBUBUE R RFEAN ™ BRI

NoAW, S BEEE N,AW A0EE ) BR A 56470 5t & A0
BARRPA B> BN 9.5%F1 17.8%. HE—B M KN,
N,CW, AbFE [ B RR P2 B3 N,CW, Ab R/ 13.2%,

T NRAW, AT N,CW, A0 T ) Bk 7 &AL 0.7%,
AT IR AHRERE AT DR i R T 9 2 E 7K T X R
Frids SR A T M o 2% BRSO BT
R B =B it SR A R K R P o g 2
NoAW, Ak 3 35 5 £

%5 REAZSHMT YR A~ B0
Table 5 Effect of different treatments on

dry matter and yield of pepper

e o 3T R T AR
JR (g g #7Y (g#h
N;CW; 42.25:41.87g 8.1340.41c 205.40+7.28d
N AW, 49,3141 51f 8.6240.71hc 237.1247.66¢
N;CW, 53.183.16¢f 8.5640.42hc 235.7646.40c
N3 AW, 63.042.13b 9.3740.66ab 274.6248.3%
N,CW; 54.40+1.95de 8.770.69b 240.7548.15¢
N2 AW, 61.8042.96hc 9.3540.58ab 275.544.09b
N,CW, 58,5142 14cd 9.2940.37ab 277.5245.730
N2AW, 67.683.3% 10.1240.51a 324.63+411.15a
F1{H
% N 73.425" 9.748™ 177.245"
AR A 68.831" 8.809™ 150.863"
KR W 73595 7.391" 152.980"
N>A 0.008 0.016 0.853
W>N 13.209™ 0.013 2.070
WxA 1.281 0.403 2.457
N>AXW 0.067 0.006 0.184

AR E AR RNG FRERRP<0.05 K AR B 22
3 MR AEP<0.05F1P<0.01/K A7 AE BEMEZE R, TR,

2.5 1% ODR. WFPS FI#RH &R 2 BRI X 447

ATREG AR BB B W, e sk i
1N VEE 7K JE 39 Bl - 3 ODR AW PS ) ~F- 14 48 338 47 4
Kot HHERE6TIAL, BARME S5 TYm & 28 %
IEAHOE (P<0.01) 5 B~ &5 1 58ODRE 2.3 1EAH
K (P<0.05) , Htkm. TR E 2R EE IEMEX
(P<0.01) o BRI R & A& 3G R T T4 & 1)
R, gEm et =g m, HHr=&E5 - 3E0DRMAH
KM

% 6 3% ODR. WFPS feff & 547 Al 6948 % % &

Table 6 Correlations among soil ODR,

*7]5[] *k

WFPS and different indexs of pepper

febx ODR  WFPS 73 T & P
ODR 1 0.208 -0.030 0.222 0.457
WFPS 1 -0.017 0.046 0.105
B 1 0.635™ 0.555™
T 1 0.883™
g 1

31T iR

THRRE . SKER . EREERAE IR B
(N8 IR A B A B 3L E A AR KR E A
FHEEMM, ODR AT RAL A SXHEM A Rebk, 24
BRI G T 4010 g/ (em? min) IPEHR SEAEYD IR IE 5
ERKEEN, KRR, WEAKESE 2 K EF, IR
KE R 0 b P 5 35 4 v 4% ODR, 3 5l )
ST 1 SR R I SRR B R R SR i R
HRE A B m, HOE RO R RREE 24 h 4
WAL, PR RIEHEY A h G, fREMEK
RESEHEENSSEIRZ—, BEYREYEM
Fri G Rt L et i
RIS A R 2R F AR R AR I R 5 . A
POMgrse e 0, 5 MU T EA L, TR bk m RIS
A n AW R B E i 1.51%~4.88% A
3.63%~6.22%. AilIH, AHFMEEEMEKET,
FEFFACAL R (BAEJR SR 49 KD KA RER AL &
FRIEERR S A, BIRE 9.0%0L -, S5HT A
TG RIEA I

VEWAE KA (1) 46 3 7T 30— 20 A B0 A5 1%
ROCE RO B s AP T 6 T oK AR
HH Logistic 57, R? FIARHEIR 2243 HIFE 0.98 F1 0.21
TG, BHFITON TR EAE B R AR R B
BB, EEFORIA Logistic F7 5E BT ST T B
T AR AN TP AR R AR IS AR, B UIR R
PRI AT RECN AR &, KA Logistic
TR Sof 1 AV R A 1F T OO & AR K I AR AT AR
o, ARG TR B K, RRIR I
FR B = AR KBS o S T e 2 =B R =,
W N A FEEYI S TSR AT I, D4
ERHES BN A RS FE . Logistic BRI HSR &p S
HUGRRES RV 2 A AR URHES 5L, e i
DIHEVINAE KBS . ABFTORIL, ISR
R e PR AR ) [ AN I S AR B P24 /T T 451 d.
SR BEAR LY, BRI i 2 K 1Y K Ze A PR3 3
PR ZRAE AL BE R 43 ) HE v 13.0% 40 11.8%.
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Modelling Growth and Yield of Aerated Pepper by the Logistic Model

XIAO Zheyuan', LEI Hongjun®", ZHANG Zhenhua?, ZHANG Qian®, JIN Cuicui*, SUN Keping®
(1. School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou 450046, China;

2. School of Resources and Environmental Engineering, Ludong University, Yantai 264025, China;

3. College of Water Conservancy and Civil Engineering, Shandong Agricultural University, Tai’an 271018, China)

Abstract: [Objective] Aeration is to supply oxygen to the root zone by bubbling the irrigation water. It is an
effective irrigation technology to improve crop growth in heavy-textured soils with low air permeability. The aim of
this paper is to experimentally study the effect of aeration on growth and yield of pepper. [ Method] The experiment
was conducted in a greenhouse designed using a three-factor randomized block. It consisted of two nitrogen
applications: 225 kg/hm? (N;) and 300 kg/hm? (N5), two aerations with the volumetric fraction of the air being 0% (C)
and 15% (A) respectively, and two irrigation amounts: 682.8 m*hm? (W,) and 1 024.2 m*hm? (W,). Crop growth
traits in each treatment, including plant height, dry matter and yield, were described by the logistic model. [Result]
Second day after irrigation, the water-filled soil pore space (WFPS) increased significantly (P<0.05) with the
irrigation amount when nitrogen application and aeration were the same. Adding 15% of air bubbles to the irrigation
water significantly (P<0.05) improved oxygen diffusion rate in the soil when other treatments were the same.
Aerated irrigation boosted crop growth during the flowering and fruit bearing period most, increasing by>9.0%
(P<0.05). The crop elongation fitted to the logistic model well regardless of the treatments, with R*>0.980 (P<0.01).
Aeration increased both maximum elongation rate and the average elongation rate over the rapid growth period of
the crop by 13.0% and 11.8%, respectively, compared to the control without aeration. Similar as nitrogen application
and irrigation, aeration also increased above-ground dry matter and fruit yield significantly (P<0.05). Of all
treatments, fertilizing 300 kg/hm? of N, irrigating 1 024.2 m*hm? of water, and adding 15% of air bubbles to the
irrigation water achieved the highest yield, 324.63 g/plant. Fruit yield was positively correlated with oxygen
diffusion rate and plant height. [Conclusion] Aerated irrigation can significantly improve soil aeration, promote
crop growth and accumulation of dry matter, thereby increasing fruit yield. The logistic model describes the
elongation of the crop well regardless of the treatments.

Key words: pepper; aeration irrigation; Logistic model; growth characteristics; yield
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