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Thiall Rz 1R}, R FZE IR B3, RS 17 A [ ] 43 K et R AE R 2E A 85 0 B RSUAE K AN e et SR e
FevEsm . S5 R WoR 18 AR LUK R ACE 2500 R BRI IR K 538 75% ~90% BEEHA & R A
600 kg/hm’ + 48 fL 8 450 kg/hm’ +%81L4T 400 kg/hm” AURBA RS, SR EHBUR R 00 & B 250 B R 1 AR
R K R AR AR T B i W s T AR S [RIE iR PS I DG REF AR (F /F, ) FI PS
5 (F /F,) BRI N R, M SERREAE 23R (DPS ) DAL R K R B (gP) WA, Il AR f A% O
BHAE(P,) IR, /NX 5N 10. 28 kg/m?, 358 T ILABAL 2 W AE AT 74 3 RV V85 1 HOGIR 2 rh 3l A SR
K& B HKIEE A BN R EKE N 75% ~90% , B G 0 600 ke/hm® + TR AL — % 450 kg/hm® + 52 fL 2P
400 kg/hm? .,
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Growth and photosynthetic characteristics at fruiting period of greenhouse
pepper in response to water and fertilizer coupling

LI Yi-hua', ZHANG Fen-gin', CHEN Xiu-bin', XU Yao-zhao', CHENG Sheng-hui', ZHANG Wen-bin’

(1. College of Agriculture and Biotechnology, Hexi University, Zhangye 734000, China; 2. Zhangye Extension Station for Commercial Crop, Zhangye
734000, China )

Abstract: The pepper variety Thialf Rz was selected as material to study the effects of different water and fertilizer
coupling modes on growth, yield and photosynthetic characteristics at fruiting period in Hexi Corridor irrigated desert soil
greenhouse. The results showed that plant height, stem diameter, maximum leaf area, leaf water content, above-ground dry
weight and root dry weight of greenhouse pepper in the treatment of moderate soil moisture and fertilization, which was field
capacity of 75% -90% and N 600 kg/hm*+P,0, 450 kg/hm*+K,0 400 kg/hm’fertilizer coupling mode, were significantly
higher than those in other treatments. PSII light energy conversion efficiency (F /F, ), PS Il activity (F,/F,), leaf actu-
al photochemical efficiency (@PSII ), light chemical quenching coefficient (¢P) and photosynthese (P, ) of greenhouse
pepper were the highest, while the degree of

WS E 8. 2014-08-07 photoinhibition was the lowest. The pepper yield reached

ESTE HH A RHE LT H (1304NKCG137) 10. 28 kg/m’*, outperforming other treatments. These re-
VBRI Ay ZEAE (1978-) 4o HE TG Wk L, W04, R0 A 251 sults indicated that the water and fertilizer coupling mode
WA 5 AE PR RFSE . (Tel) 151934151965 ( E-mail) of field capacing of 75% -90% and fertilizer combination
liyihua_lyh@ 163. com of N 600 kg/hm* +P, 0, 450 kg/hm’ +K,0 400 kg/hm’
BIES 9k 2F3E, (E-mail) fenqinzh@ hxu. edu. cn was suitable for the growth and development of sweet pep-
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per in the greenhouse at irrigated desert soil of Hexi Corridor.

Key words:

LA =3 VA R S 7 R =W s O e R S DT S o 4
PRO“PEALARAR " . SR, B /K 95 UG H 45 2 gk
T VU 7 R ) Al 5 7K [ RO Bz B EE A, B
HLRERA AN AR A AR PR SRR A
MR AL R CE AR DX i R 5 i = 1] A
B R4, TAER, B ( Capsicum annuum var.
grossum ) TEAS DX H O it S v ) b AR 18 BR 7 AS 1B 184
It BRAT AR H A AR v AR AR K A AR
b S5 T B i A WA U ) R R

WANREBFFEE IR, 3770 K 73 F5 fEA
R KL R AR IS B, SR = B3k
HERE S BOWTSE 5 B vh T 3 il A 2R A K AT A 1
RO R T T AT DG P R R s
IR AEFE B R R U A 5200 224 R DR

ST, ARG AT ST A [ K HE R 5 X0 ) 75 7
JRRPEE T - Uk 2 TP RS AR R A J R i B R A ot
BRFE RN | S 25 il A RIABCTT 7K 9 AR A 7
B AR AR

IR

1.1 AR5 4bE

AHIE 5T R 5 b Ak 38 FH RS B 2 €8 P R
Thialf Rz( F1-Hybrid) , B RIJK ZWAAN 2\ &) 42 7=,
T BT AR AL A F], T 2013 47 18 HRH
SBEREME B, AR RD T T50 ~ 55 C K iR
W15 min J5, B T H 10% RBERR = 8A 0=
20 min, FREFPFICAIK R 8 ~ 12 h, 5T
25 ~30 CHRMFTHEZF, LTI F70% ~80% 5 I
R AT & Fh, B0 1 ORF 7, R 0.8 em, #EAP
JEPRRFFIR25 ~30 C, K [H18 ~20 C, HHE XK
20 ~25 C ,&[[[13 ~18 C
1.2 Rt 5HE

RIS TE H R 2 5K AT H N X 58 288 F 284 H O
BENIT REEE RO m, BE A4S m, KE
7 60.0 m, BEARJEEE A 1.8 m; i 18 Ky v 1
HEN112 g/em’, BALE N 53.45% , #F)2 L 15E
AHUR SR 12.20 ¢/kg, HALE N 64. 50 mg/kg .
HELE R 6. 45 mg/ke HALE N 182. 45 mg/kg, pH
{8 7.25, FHES 725kt (CEC) 4 15. 54 cmol/kg,

water and fertilizer coupling; pepper; growth; photosynthetic character; yield

I 3 AR 4K, B W, H R REZK R
90% ~100% ,W2 . H[A]:EK 5K 75% ~90% , W3
M R K R 50% ~75% , 3 ALK, BD FI .
A 800 kg/hm” + T L — B 600 kg/hm’ + 5 fb 47
500 kg/hm’®, F2. & 600 keg/hm’ + T % 1k — B
450 kg/hm’+ & 1k B 400 kg/hm*, F3. % 400
keg/hm’+ T %8 4k — # 300 kg/hm® + % 1L 4 300
kg/hm®, SRR X BT, o Kb F X, A
REALEE AR X, S o NAb B (F 1), B ER 3
Wo /MXK 8.0m, 5 1.2 m, @AHN9.6 m*, A.
W BPAE 3 ) €O (NH,), .NH, H, PO, fil K, SO, #
4t B A R I — W it A, RIS R AT 50% 1
SHHERE ,50% 1E 38 R AE AL R IEA T HERE AL

2013 4E9 H 20 H 44 # A K B L —.O00,
BB E P A B A b, BEETA 20 em, H
TS A 80 em, 154 50 cm, {4 554 40 cm , M
(i) FH SR R T, g AR A 2 47, BRIl 45 em,
FTHER 50 em AR EECH 1 m* 4 Bk, FiAEIIE], R
BRI K I E AL PR, 2 d 1 RIEEER O ~
40 cm [ HHEK A, B 15 d BUHE R + 2 00 - T
o EHES KA, KB KA BRI E KA K
M=rxpxhx8,x(q,~q,)/n &, A A .M HHEK
i, B A kg/m? - O AR RR BT & SRR 1. 15
g/em’ ;p IR IE G, B 100% 5 b K3 KGR
{2, 0.4 m; 0, KR K H KR (22% ) 59, 4
T 5K R 5 q, 2 ISR 5 KR (LA H ]
IKFEFRIR) sm KR R, THHEE 0.9, #EK
A NX RS IL R,

1.3 MEMBESAZE

1.3.1 BEHBAFATFHRGNE  FEHLEERES LR
AR 3 BRI R = R i AL S AR S
AR FHERK bp e TS, F 115 C R AT 15
min {552 75 CHRR Pt R R T BT
1.3.2 AR EKETHME  FEPLERES AP
MIREAR 6 PR, HUELAR] 4 1 FREETH /S T 105 CF A&
15 min FFEE 75 C L AL EE A, T
FiiE, A K E A g K =
(R i i 5T o — (O o T B ) /R g ot i

ftkt
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Table 1 The modes of water and fertilizer coupling

il FH 4K i (% ) HEkL A

WIF1 90 ~ 100 A 800 kg/hm?+ 1Ak —#% 600 kg/hm*+%ALH 500 kg/hm?
WI1F2 90 ~ 100 %600 kg/hm?+ LA AL 8 450 kg/hm® +E LA 400 kg/hm?
W1F3 90 ~ 100 A 400 kg/hm?®+ T84k —#% 300 kg/hm? +% L4 300 kg/hm?
W2F1 75 ~90 A 800 kg/hm?+ 1Ak —#% 600 kg/hm*+ALHH 500 kg/hm?
W2F2 75 ~90 A 600 kg/hm? + L6 5 450 ke/hm? + /L4 400 kg/hm?
W2F3 75 ~90 400 kg/hm? + T B AL~ 300 kg/hm? +E AL 47 300 kg/hm?
W3F1 50 ~75 2800 kg/hm? +FL AL —# 600 kg/hm? + AL 500 kg/hm?
W3F2 50 ~75 A 600 kg/hm? + T % 450 kg/hm? + /L4 400 kg/hm?
W3F3 50 ~75 %400 kg/hm?+FL 8L — 8 300 kg/hm? + 5 4LHF 300 kg/hm?

1.3.3  R&dirfert g & LA Regm e Bl
VEHLAS AL B AR 4 K, A2 RRAR B i BB HGE 4
FrIaent, FH9EE Hansatech 23 5] F) TPS-2 G
A MEFCEBAR(P,) ALFE(G,) A
B COMPE(C,) MZEEHR(T.) ; /¥ E Hansat-
ech A Al Handy PEA FEPIR0CHE 70 BT A 1 258 18 W5
G 20 min DL E R R RIIRPOG(F,) (R R PO
(F,) IRV C(F, ) BARRBDOC(F,) St
PR ERII(F, ), I PS IR MG AR H2
R(F/F ) PSIIEME(F /F,)  SEBRGAL 2 50%R
(@PS 1) S 2EFER REL(qP) ARG 2= K R
B (gN) LB A g Ko F = (F, -F,),
F/F =(F -F)/ F, F/F =(F -F)/F.,
F'/F '=(F '-F')/F ' ®PSI=(F '-F)/ F,,
gP=(F '-F)/(F '-F ) ,gN=(F -F ')/ F )
TIHIFREE FH 1 —qP/gN it
1.3.4 FZEaE FRAM RO RIK
JF i, A5 AL PR 3 AN T AR S A0, e 5 Tl AR
Rk
1.4 HIELHESSH

R H Excel TAE XA 56 50 2 FLAAE R, R
FH DPS v9. 05 $04 ab BRAR AT 58 1150

2 BRI

2.1 KEEFBEAXEEMMERPRIN
M2 HTLIE K AEHE & A s i %

AU R AR . 5 A AR BRAR L, 78 W2F2 148
BALBET  FHAES SR A bk 2B SRR AR
MR Er K S IR R T B R U
Y 4 2 Rl 5K B3k 75% ~90% , B K& N
& 600 kg/hm’ + 7. 58 AL B 450 kg/hm’ + & fk A
400 kg/hm’ B A RR R FERCSR 19 A2 K BB T, X R I
e A B A K 2 FIRE RE K S SR A RR AR K
T T B iy K SRR 8800 o T 78 388 R AR
() K 4T, BN 2 el KR s /it K e
[ FTRE R A 7 A T A5 BRI, 36 B0 Al Bk 09 A K
el ARG R A R 0 B
HEER 3,
2.2 KIBFBA X IREIHML S ENZME
R ROG G RSN g P 1 R RS
AR TR B RS D NEL 1L ATRLE
W2F2 Zh R RO A R KSR AL
FBEE] CO, M BER R, 3 i T HABAL 3, Ui AL
255 HH ) R /K 3R Rt A o i HE 4 1, K IR A e B0
R ) HAERON, AR PR G B AR 3l H
b 3 T K AR BC L 2R, S 80 HR AR AN R PR i
Hog A R 2RI ORI AL 1 A L R B
55 s AN [ AL BEAE AR B rp IR CO, Ve B AR TL LA W3
A0 BRI K AR 50% ~75% ) B7AE Ak R sm Al | X
FEE T AKX A B, FECFLIEH],
TR ZE ISR FHRRAIR , (AR AR R T R M B] CO, MR B

>
A,
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Table 2 Effects of water and fertilizer coupling modes on growth of sweet pepper
L7 =1 e S5 /N TP Mk by bR TR
pieL AT B
(em) (mm) (em?) (%) (g) o)
WI1F1 59.62+1.21abe 12.29+0. 36b 226.53+11.28bc 83.39+3.85b 74.31%2.63ab 5.48+0.85ab
WI1F2 61.54+1.85ab 13.98+0.67ab 238.91+12.31ab 88.54+6.23ab 80.76+3.01a 6.53+1.12a
W1F3 60.76+1.58ab 12.93+0.98b 229.52+11.56b 86.67+5.21ab 78.92+1.98ab 5.87+0.63ab
W2F1 58.31+1.32bc 12.36+0.83b 217.87+9.86¢ 84.62+4.98b 75.43+2.30ab 5.52+1.15ab
W2F2 62.31+2.15a 14.07+1.25a 240.89+13.64a 90.51+3.96a 81.43+2.12a 6.81+0.86a
W2F3 57.36+2.08bc 11.83%1.1lc 215.21+8.96¢d 84.48+5.06b 70.83+3.01b 5.06+0.78ab
W3F1 55.83+1.98bc 11.57+0.99¢ 217.79+9.36¢ 83.69+3.85b 62.71+2.98bc 4.78+0.91b
W3F2 54.68+1.54c¢ 11.48+0.83¢ 213.46+9.27cd 84.87+4.68b 59.12+£1.86¢ 4.39x1.02b
W3F3 53.70+1.38cd 11.05+0.76¢ 209.02+7.65d 85.43+6.23b 55.26+2.0lc 4.12x1.04b
SEBRWLER 1, [RFUAIR/ NG SB35 A BRI 22 5735 0. 05 R E/KF,
= 301 - or a
o e b
o “ ES
= 25F L b . s STbe be
2 C C g C
. c E 4+t
i 20f cd ¢ = d
= r ! E 31
S ) e
é 10 F B 2F f f
:\:‘ﬂ» 5 I § 1 | ﬂ ﬁ
4o K0
*

WI1F1 W1F2 W1F3 W2F1 W2F2 W2F3 W3F1 W3F2 W3F3

S; 350 - 300
= s00f b a a
G be g 2201 c cd ¢ b
4 250 c ed N d
= 200} d i f ¢t
o &K 150
g 150 f £ )
E ool S 100f
i ﬁ ﬁ E
:m\;, 50+ g 50 -
=t
r OWlFl WI1F2 W1F3 W2F1 W2F2 W2F3 W3F1 W3F2 W3F3 0 WI1F1 W1F2 W1F3 W2F1 W2F2 W2F3 W3F1 W3F2 W3F3
b it B
HALFR IR 1, AFERRINE FRER IR AR PR 22 75K 0. 05 E KT,
1 KEEBEIEHL &SR
Fig.1 Effects of water and fertilizer coupling modes on photosynthetic characteristics of sweet pepper
2.3 KIESBEXBREMMMHAHERWELSEE  UOLI G R R B 4568 b FEREE F/F Bt
#m PST W 7E MG M . MWKl 2 AT LA, F/F, M
2.3.1 PSRk sesEBE(F/F,)F  F/F AACH R IEARH F & 40 55 H AL #

PSH,%'ri(F/F)aﬁ%ﬁ F/F S PSI & Kot
b2t T i S R AR IR S a1 T AR ﬂa
BN ESEHNE] R RS S B AR, 2

IR A W2F2>W2F1>WIF2>WIF1I>W2F3 >
WIF3>W3F1>W3F2>W3F3, X % B 76 /K B e 1
SUIE A | BURAZN O3 o N @ ¥ 5 Sy G Il = £ 082
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FEAE BRI A , F /F, R F /F 0N 0
AL B W2F2 B F /R E R, N
0.81,F /F BI{E ] 0. 62, Ui B 28 H [A] F5 /KR
i A 2 T b 25 T, KRR E A Ak B g &
PEFET AR K, X — PR R SR AR
ST B R A —H,

2.3.2 MEREAFHE(OPS]T) HFETF &
B(F,)/F ) KACFHER ZH(qP) A3k KA F R
R EZH(gN) Fo I E AR (1-gP/gN) 337570 MR
3ATLIAE Y, W2F2 4b 3 &PS T {45, WIFL &b
PR F/F, e, 2 T A A B U T AR
JE S5 T 5 e BRSO R 0 SEBR AR 22 0% T KoK
KABAEFR AT 2 s i A PS 1B A BOE ki e,

0.9 a
R
0.7
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0.4 .
03 ﬁ
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0.1
WIF1 W1F2 W1F3 W2F1 W2F2 W2F3 W3F1 W3F2 W3F3

cd

m

FJF

T T T T T T T T 1

bS]

qP L2k PS I K& R WO LG EEH
FIRE TS, P BN PS I A HL FA% 35 35 PR dok
gN T8 AR RS REAEHLAT 5 | R 7K B IR
By PS TR R UL YL REANRE A TR A A
TR AR AR FE B ORE R /3. 383 R
SEFR W2F2 (1) gP (B 35 &, DG il 72 B R AIG, b 28
WIFL B gV {85, AL B W3F3 S0 i) T 1 e v,
VEIATE W1 ( FE]FRK & 90% ~100% ) F1 W3 ( H[H]
KR 50% ~75% ) KA 5T, Toi it A K
INERE KRB EC L 2 A 0 45 A BRAR R I 9 D 41
TR B A A, 3 R KL e 2 o, {45
KBRS A PR RIVE M ROR B3, 80 & AR K
SR RN R SR R AR B RS

0.71

&
0.6r be be b

0.5

%
o

F JF

WIF1 W1F2 W1F3 W2F1 W2F2 W2F3 W3F1 W3F2 W3F3

busiil

AP 1, ALBRIALAR NG RS R AR B R 22 53k 0. 05 K
2 KEBBEXMEMM K F,/F, 0 F /F,H%0
Fig.2 Effects of water and fertilizer coupling modes on F,/F  and F,/F of pepper leaves

£3 KEBEMREHMM A OPSI F,'/F, ' qP.gN f3LMHEEHZMm
Table 3 Effects of water and fertilizer coupling modes on @ PS1l ,F '/F ',qP,gN and photo inhibition of pepper leaves

b BN R V& ﬁ'ﬁﬂz%i%f&i AR R Z AL E|S I DY SR EE
(oPsTl) (F,'/F,") (qP) (gN) (1-gP/qN)
WI1FI 0.376=0.065ab 0.53120.032a 0.71320.023a 0.78420.064a 0.091=0. 002cd
WI1F2 0.391+0.021ab 0.37320.085hc 0.702+0.061a 0.765=0.058b 0.082=0. 004cd
WI1F3 0.275+0. 032bc 0.412£0.096ab 0.682+0. 089ab 0.733£0.063be 0.0700. 001d
W2F1 0.368=0.012b 0.36720.082hc 0.65320. 043ab 0.689+0.071c 0.052=0. 008d
W2F2 0.482+0.021a 0.25320.091d 0.752+0.021a 0.773%0.052ab 0.027=0. 006d
W2F3 0.381+0.018ab 0.36120.058hc 0.631+0.068b 0.652+0.062d 0.032+0.003d
W3F1 0.263=0.051bc 0.309+0.078¢ 0.58320.035hc 0.67420.038d 0.13520.007¢
W3F2 0.208=0.062¢ 0.43220. 046ab 0.512+0.024bc 0.708+0. 046hc 0.277=0.005h
W3F3 0.1960. 023d 0.398+0.038b 0.496+0. 067¢ 0.764£0.071b 0.352+0. 006a

SEBRWLER 1, [RFUAIR/ NG SRR3R A BRI 22 573K 0. 05 R E/KF,

2.4 KIERBAXBREMMBTERET BRI

PR i 32 2 g SR e | BRLRRES AL R

AN X P AR R R A A, W2F2 A 3 ) R
BAKR 4 FLB BARR PR RN X R s,
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187.21 g.14.65 1> 2.74 kg F110.28 kg/m*( £ 4) ;
B it I fE P s AELRR 1 7 B R TR AR, R I 7E
5K R 75% ~90% Mt it R 600 kg/hm® +7i
SAAL T 450 kg/hm” + 5 ALAR 400 kg/hm® B, FHHHS

F4 KEBEIHEME T ER RSB

Ry, IR RO 2 Y K O3 3 2 G T g
AR B EYCARBOREY , X4 REFEF
SRS R 2L

Table 4 Effects of water and fertilizer coupling modes on yield components and yield of pepper

e AL I i FRRZE AL BARRT NV s
(2) (kg) (kg/m*)
WIFI 168.73+8.23bede 11.92:1.25ahe 2.010.11b 7.54+1.25¢
WI1EF2 175.16+6. 56abcd 10.31+2.35bc 1.81+0.31bc 6.79+1.45e
WIF3 165.83+4. 86¢de 10.832. 68bc 1.80+0. 12be 6.75+0.85¢
W2F1 181.42+7.25ab 13.581. 34ahc 2.46+0.09a 9.23x1.02h
W2F2 187.21+8.12a 14.65+1.72a 2.74+0.25a 10.28+0.95a
W2F3 178.56+9. 21 abe 13.862.23ab 2.47+0.08a 9.26x1.11b
W3FI 164.38+6. 23de 11.67+2.28abe 1.920.09b 7.20+0.82d
W3F2 160.877.22¢ 10.631.21he 1.71£0. 12be 6.410.93f
W3F3 157.35+6. 85¢ 9.82+1.98¢ 1.55+0. 13¢ 5.81+1.36g

AEBRULER 1, [AFUAIRNG 5B 3RR A BRIA] 22 53K 0. 05 B KF-,

3 1 i

IK G NEFEAED A b Bk AR FHAS 2 IS 1Y, T
SEART AR A E S ) i el — VR AN [ 1
IKAEAER; 25 T A RAF AR KA, K BE 2[RI £77E
— 3 BIREAS RO, T3k AR A0 R i T B PR 3R A 24 X
BRI AW 2 20 RTAE H B 457K
It 75% ~90% FINEEH A (A 600 kg/hm®+ L4 L —
W 450 kg/hm” +E L4 400 kg/hm? ) kb P | Hogh
Wbk ML AR R E K A BRI R
5 e 24 I A e At A B 3k 158 BH K B 28 BLAE
A — 58 BB S P AS [ 7K R Ak B G 21 €2 R )
AR ALK 5 [, 7RISR T A AR 45 2R
MO E HR 2RI HR AL S EERE CO, Kk
JE Y 8 v A Ak 3 5 A e b AR A T AR fE:
A SRR AR I AR KO R P a4
BT TR, AR R, 7E H R R K 75% ~
90% FIEKIZH & (A 600 kg/hm? + T 48 Ak — 8 450
kg/hm* +48 (L 400 kg/hm*) FU ST TR E 40 it
WA RN 19 @PS TL{E N qP #5155 H A7 K
90% ~100% KNEKHA S (A 800 kg/hm’+ H A fL —
i 600 kg/hm*+% LA 500 kg/hm*) ZbHif) F '/ F
N $5z 15, 2% B 7 v S5 7K BB 0 =g 7K BB 2% 20 T A vk

RBORFRFEE 51 1 SE B G Ak 2 03 5 S o 2 B A i 7K
MK BERLRA T 22 S AR, 302 I o AR 43 kR
it Z2 A A A S5 R, iR gP AN R T gV
AW ETE, R A PS T &4k iy PS I R Hocs
() LT 356 37 B, @PS T /)N, I & A= e i
il

AHF T 45 W . A P R I 4 HORIR =
o YRR Rk 75% ~ 90% Kt AR 2 35 &L 600
kg/hm® + T 8tk — B 450 kg/hm® + %& 1k £F 400
ke/hm?* B, AN ACH FIF R AERK EZF, i B A F
TSR R 0GR A R TR

AR
SE
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