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The effect of water-potassium integration in drip irrigation on
the photosynthetic characteristics of kiwifruit
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(1. State Key Laboratory of Hydraulics and Mountain River Engineering, College of Water Resource
and Hydropower, Sichuan University, Chengdu, Sichuan 610065, China;
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Northwest A & F University, Yangling, Shaanxi 712100, China;
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and Sustainable Development in Agriculture, Chinese Academy of Agriculture Science, Beijing 100081, China)

Abstract: In order to find out the effect of different water-potassium (K) integrated management on kiwifruit
photosynthesis, the Jinyan kiwifruit for 8 years was selected as the test material. There was a control treatment with
irrigation amount of 31.2 m® » 667m ™ and 26.4 m’ - 667m > and K application of 6.0 kg - 667m™> and 7.8 kg -
667m *( CK) at fruit expansion stage (IIT) and fruit maturity stage (IV), and 3 irrigation deficit levels including
sever water deficit( SD) , medium water deficit (MD), and light water deficit (LD) with irrigation amount was
40% , 60% , and 80% of CK, respectively, and 2 K fertilizer application levels (low K and high K of 60% and
80% of CK, respectively) were set at III and IV stages.The results showed that the diurnal variation trends of pho-
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tosynthetic index were similar in the two growth stages under different water and K integrated drip irrigation treat-
ments. Under the LD treatment, the net photosynthetic rate (Pn), transpiration rate (7r), stomatal conductance
(Gs) , instantaneous water use efficiency ( WUEL) and carboxylation rate ( CE) of leaves increased with increasing
the application amount of K. Pn and CE of III-LDHK are 15.71% and 16.80% higher than that of III-LDLK, Pn
and Gs of IV-LDHK were 6.07% and 12.76% higher than that of IV-LDLK, and the difference was significant ( P
<0.05). Under the SD treatment, except intercellular CO, concentration ( Ci), all photosynthetic indexes
decreased significantly compared with CK (P<0.05). Under the MD treatment, except Ci and WUEi, all photosyn-
thetic indexes decreased significantly compared with CK (P<0.05). Under the same K application rate, except Ci
and WUE?, the photosynthetic indexes increased significantly with increasing water irrigation (P<0.05), and the
increase rate was 11.42% ~64.40%. Compared with CK and Pn of III-LDHK treatment increased by 11.38% ( P<
0.05) , WUE! increased by 3.06% ; Pn of IV-LDHK increased by 0.96% , WUEI increased by 2.00%. In summa-
ry, under [II-LDHK and IV-LDHK treatmetns, the photosynthetic capacity of kiwifruit was stronger, and saved the
water irrigation and K fertilizer application by 20% at the corresponding growth stage, which was a more suitable in-
tegrated management mode of water and K for drip irrigation.

Keywords: kiwifruit; diurnal variation of photosynthesis; integration of water and potassium; drip irrigation;
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il , LA SPSS 20.0 1 7L 2 Ty 22 M B R 7 25507

2 EREHr
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Table 1 Irrigation and potassium application amount of each treatment of drip irrigation with water-potassium integration experiment
e HIAEFAEI (1) ARSUBI(IT) SRR (10D SR (IV)
Treatoent Heading and flowering stage Fruiting stage Fruit expansion stage Fruit maturity stage
N (- 66Tm™%) K/ (kg + 66Tm™>) W/ (m® - 667m™2) K/ (kg - 67m2) W/ (md » 667Tm~2) K/ (kg + 66Tm™>) W/ (m® - 667m™>) K/ (kg - 667m™)
III-SDLK 15.3 3.0 21.8 2.0 12.5 3.6 26.4 7.8
III-SDHK 15.3 3.0 21.8 2.0 12.5 4.8 26.4 7.8
I-MDLK 15.3 3.0 21.8 2.0 18.7 3.6 26.4 7.8
III-MDHK 15.3 3.0 21.8 2.0 18.7 4.8 26.4 7.8
1IM-LDLK 15.3 3.0 21.8 2.0 25.0 3.6 26.4 7.8
[II-LDHK 15.3 3.0 21.8 2.0 25.0 4.8 26.4 7.8
IV-SDLK 15.3 3.0 21.8 2.0 31.2 6.0 10.6 4.7
IV-SDHK 15.3 3.0 21.8 2.0 31.2 6.0 10.6 6.2
IV-MDLK 15.3 3.0 21.8 2.0 31.2 6.0 15.8 4.7
IV-MDHK 15.3 3.0 21.8 2.0 31.2 6.0 15.8 6.2
IV-LDLK 15.3 3.0 21.8 2.0 31.2 6.0 21.1 4.7
IV-LDHK 15.3 3.0 21.8 2.0 31.2 6.0 21.1 6.2
CK 15.3 3.0 21.8 2.0 31.2 6.0 26.4 7.8

1 Note; W—# 7K & Irrigation amount ; K—Jifi#f & K fertilizer rate.
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Fig.1 Diurnal changes of photosynthesis of kiwifruit leaves during fruit expansion
stage under the drip irrigation with water-potassium integration
R2 OEERE—EUNBERRIB RN FEESHEM(5S A23 H)
Table 2 Effects of drip irrigation with water-potassium integration on photosynthesis parameters of kiwifruit
leaves during fruit expansion stage (on May 25)

Kb 3 Pn Tr Gs Ci WUE: CE
Treatment  (wmol - m™2 +s™') /(mmol - m™2 -s™') /(mol -m2-s') /(pmol - mol™) /(umol + mmol™) /(mmol - m™? -s7!)
II-SDLK 2.93+0.13d 1.79+0.02f 0.15+0.011e 333.05+3.05a 1.64+0.05bc 0.0087+0.0006d
[II-SDHK 2.78+0.03d 1.76+0.01f 0.17+0.003d 340.40+3.02a 1.59+0.02¢ 0.0081+0.0002d
I-MDLK 3.84+0.29¢ 2.17+0.03d 0.21+0.004¢ 309.34+6.08b 1.76+0.11ab 0.0120+0.0018¢
[II-MDHK 3.58+0.00c 1.96+0.05e 0.23+0.016¢ 302.75+3.99h 1.83+0.04a 0.0107+0.0001¢
III-LDLK 4.59+0.10b 2.53+£0.04¢ 0.31+0.006b 272.92+5.24¢ 1.81+£0.07a 0.0148+0.0001b
[II-LDHK 5.31+£0.23a 2.85+£0.04a 0.32+0.003ab 272.77+3.82¢ 1.86+0.01a 0.0174+0.0007a

CK 4.77+0.22b 2.64+0.01b 0.34+0.006a 270.54+7.00¢ 1.81+0.08a 0.0157+0.0006ab
L E AL P {4 Significance test P value

. Eg]kgi <0.01*" <0.01** <0.01" " <0.01*" <0.01"" <0.01* "

Irrigation amount
ﬁfﬂgﬁg 0.280 0.237 0.944 0.011 0.545 0.552

Potassium amount
THE 7K A it B i
Irrigation amountx <0.01* " <0.01"" 0.194 0.550 0.404 0.021°*

potassium amount

R RI AR AR BRI 22 53 5 25 (P<0.05) 5 + FRZEF BE (P<0.05) 5 # * FREFMEE(P<0.01), FF,

Note : Different letters indicate significant difference in different treatment ( P<0.05); * P<0.05; * * P<0.01. The same below.
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IR K, Hoh LD AR ER R 22 Rk W K P
(P<0.05), LDHK 4t Pn f K, H6.24 wmol -
m™ -« s B CK 5 0.96% , HAYL IS CK Ik 4.82%
~50.11%,

1 2 (b)) Ay Ak SR S s 03 3 K B — Ak
EH TR Tr AL, VK — R feab 3T
Tr HAAk s WINARE] 2 3 R, IV AR [t
BTN, Tr BV K B3 0 & 3 4 K (P<0.05) ,SD
ANFRTR T BB 2 3 A /N, MD LD 4R BER Tr
B it B 49 3G K, 22 Fak BE MK (P
0.05), CK i) Tr fx K,/ 2.88 mmol - m™ - s7' J
AU IR CK AR 1% ~43.86%

T 2 (c) B bk SR S i 2 301 TR 98 /K B0 — 1Ak
EH MR 6s A, IVIIKE— R,
Gs HZEAb#a 5 M HIAH R, LDHK Zb3E Gs 384K I i
K., 23 FH VA FERES 2 T, Cs K =3
TN 4K (P<0.05) s M RIE K ST, Gs Pl
JME R, LD Ab PR 22 53k W 3 7K F (P<0.05) .
LDHK ZbHEAY Gs K, 8 0.37 mol - m™> - s7', % CK
55 5.88% , A FRAE CK A% 6.10% ~44.79% , 4§ 7]
DL3E 3 385 S LI IR A ) BE A s i LR B, A
JolpaEn 25 AR AL L S RN AL AR T AR, A 25 5 g i
AR AT K DL R A TE AL RN A AL S T 1) sk
WA, 288 T ) AL R BN S P A

T 2(d) Ay Ak R S s 003 K B0 — R Ak
HHTM A G H AR, VKA — R ab 2T
Ci HARE 5 M7 %) LDLK ZbBR Ci %4k ik, 3
3 A IV AR RGN T, Ci BEVE /K 38 i i 3

/N (P<0.05) ; FHIFEE K 2T, Ci MR 228 LI
A

Pl 2 (e) SRR M SR S B B0 v K B — A4k
EHT M WUED B H 224k, IV IBIK 8 — R {4k 23
T, WUED HAR ka5 MHHAR], %3 %8, LK &
MR WUET BEE K 535 0 2 5e 38 KI5 /N a3,
HK 23T WUE: Bfi#E /K 5 35 hn 52 55 08/ s 386 K Y
G SD LD ACFE TR WUES Fifi it B0 48 i 4 K
MD 438N WUE Fifi it £ 2 3 hnini & 280 (P <
0.05), LDHK 4t ¥ (%) WUEi & K, } 2.18 pmol -
mmol ', 3 CK & 2%, 22 57 K ik b MK (P>
0.05), VIR WUE &M, X =K 8 H 25
H%ﬁ%‘l%,ﬁlﬁﬁﬁgﬁgﬁ, S8 Tr B, {H Pn 7K

B 2(£) S B b R S B2 00 7 o /K o — A4k
EHTM R CE W HAE, VIR — 4k 4b 28
T,CE HARE 5 T 2SRl 52« pue ™ if 2, % 3 %
WY, IV IAAE [ AR 5 T, CE BEJE /K fE 38 0 525 1
K (P<0.05) ;SD MD 4R CE i ite 45 12 38 i i s
A LD ARFER  CE Bt 4 38 i i K, 25 SR
K BEMEK(P>0.05), LDHK ZbBRAY CE &K,
4 0.0209 mmol + m™ - s7' % CK /& 0.3%, HA4vhb
AL CK I 3.67% ~55.14% ., V¥t H CE ik
T 1L, VIR BRA kSR S 8 5 B o S DL AL R
YR 35 SR W B DA ) SR S M A i — 2D
TR T RfE S ff CE AR EKF

3 I, VKR XA TR PRE A A )
BE K (P<0.01) ; JEER & XT Tr Ci 52083 (P<
0.05) ; /KB — 1K ALXF Pn Tr WUEi %W i3 (P<
0.05) .

3 W ®

ARWFFE B E K S Bk i B A e
YRR FEBN R B Ci WUEL 58565 8 bR BETE K
TSI 53 K (P<0.05) |, Chartzoulakis!®'! 5
FIMFRZE S, J6G Ve H A Y A i 16 3h e S AR 1
YA BE R R, K 43 7 B B Gs, B
CO,FEAA L sEma A Pyl e G EH , a5
Rubisco 193 K &34, 1] Rubisco BY-G 1%, MM
ik CE™), ARW5T KRB, LD AbEAG F) 45 i Bk ik
W Pn Tr .Gs \WUEi } CE . K125 0 S p 5 35
AR AEAVER i U R 2 B e &1
FAHHS T £ 3 b i K 4 28 4k, 2K 4o i 5l ik
NS AR i FEN R IR/ Vi 1L T PRy
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Fig.2 Diurnal changes of photosynthesis of kiwifruit leaves during fruit maturity stage under
the drip irrigation with water-potassium integration
®3 KFE—EUERRERR TR RS SHBRMm(8 A 15 8)
Table 3 Effects of drip irrigation with water-potassium integration on photosynthesis parameters of kiwifruit
leaves during fruit maturity stage (on August 15)

Ab 2 Pn Tr Gs Ci WUEQ CE
Treatment /(pmol  m™? « s7")/(mmol - m™2 +s7') /(mol - m™ - s7") /(wmol - mmol™") /(pmol + mmol™) /(mmol - m™ - s7")
IV-SDLK 3.08+0.01d 1.66+0.04e 0.20+0.02e 327.39+3.32a 1.86+0.03b 0.0096+0.0000¢
IV-SDHK 3.13+0.04d 1.62+0.00e 0.21+0.01de 325.21+2.37a 1.94+0.05b 0.0093+0.0001¢
IV-MDLK 4.29+0.14¢ 1.98+0.04d 0.24+0.02cd 311.02+2.84b 2.16+0.12a 0.0137+0.0007h
IV-MDHK 4.07+0.04¢ 2.13+0.02¢ 0.26+0.02¢ 311.03+3.65b 1.91+£0.00b 0.0132+0.0004b
IV-LDLK 5.88+0.02b 2.76+0.14b 0.33+0.01b 293.29+0.46¢ 2.13+0.12a 0.0201+0.0004a
IV-LDHK 6.24+0.14a 2.85+£0.01a 0.37+0.02a 298.02+0.83¢ 2.18+0.04a 0.0209+0.0010a

CK 6.18+0.15a 2.88+0.01a 0.35+0.01ab 295.39+1.55¢ 2.14+0.06a 0.0208+0.0007a
EEARER P (H Significance test P value

. (%gﬂ(ﬁ <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Irrigation amount

Hﬁﬁpi 0.305 0.017 0.563 0.037 0.296 0.611
Potassium amount
TR i B

Irrigation amountX 0.012 0.022 0.192 0.509 0.011 0.329

potassium amount
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Zhong %Y 78 & PR, ¥ 5 RS SRR K 43 i
PR AR 1 1A, 76 BL 1 1E) 7= 5 WUE s
Hebbar % > W52 2 W, /K 43 5 it 5 3500] m i 4 i
) CO MR EERG TN, S Mi4e & T P, BUEY RN
HE 25 T WUE,

A FE B, 45 7K oAb BT 358 i it B £ 34 g Xt
BRI G AR r= AR 5, LD AR EER A
AR AN BE B F WK Pn Tr .Gs .CE(P<0.05) 1fij SD 4k
BREE R, BRME R ROL A VB i E
FLORZ ) R RS AR A R i R A E
B WFS A AT LAFEE 2205 R G A
FHERR , R AL IR, R M e SR R S i
P AR R B A0 15 M A RO B A A
(B B $5 50 0 T 5 2 S R DL KB O &
VERIBIT B ATP 26270 55 —J5 1, i R i &
A R B THT 52, 7K JE R SR AR RS 5 2800 AT 7 A 3
AR ZE R B B, BRI PR [R)RLONE T o 0 280 7 A
FEHURON P KRR AT 2R W K AE RS A 7E — 2 Y
X SRR S A VR B AIK 43 R 23 5 A A AR
AR KL A AT LS = 5 3 8038 3T 7 A T
VR s 502 I 7K IR A 206 4 21
W F P SRR RON , T 7 B R 5 7K 509 Ab 2
X WUE: 5 345 BN 5 ik % S5 B i 9F %
W1 FE SR EOK T A2 7 i A WUEG it IE 38 fin
SR T U N R A 5 R 5 A AR P T
FU AR RS 5 K AR BRR 386 in it IR A5 R 4
1 P FRLRRAR Tr, SR TIHE 5 WUE; XI/NRIAE S (1
WFIE R WIRE Kl 5% ET A FER | 160 it AE i
AR E LS R - Pr  Gs B WUEG, T EHE Kl 100%
ET RhPE 25 RARS , FNEEAET B 5% 35 W 7 v
MRS, 52 T (L B0 KT W] B2 = SR Bk R P Gs |
WUEi,FAI% Ci\ Tr, ARTF5A5 8] T ALY 2518 5 10 F
P BRI R, R B A KBS R, AR B
A AR Z A AZ 2] AR /N (P<0.05)
HM RS54 52 B IR, S BOA R 1 W35 T R,
PN AT A o TR, I i A, R A Bk T
Pn Gs \WUET Rt 2 25 & it 5 0638 K5 W0/
P, R A0 A F A6 A (] 5 KR BE T 14 it
KV IR G R R & ik — P K — 1k
XIS A RE I A5

4zt B

1) KA — A Al Ak B0 B A W DI 15 5 R 5 i)

2. W AFEEEP =~ 0 R Po Tr Gs A1 CE ¥JB6
FEK B I WK (P<0.05) ;LD ARBR R i A
Pn Tr Gs WUEi 1 CE 4 bt jte #4750 388 Jin i 38 K, 11—
LDHK % II-LDLK Ay Pn.Tr F1 CE & & K (P<
0.05),5 CK #H [t 1 - LDHK 4b ¥ Pn i 35 82 55
11.38% (P <0.05), WUE; #& & 3.06%, CE & &
10.83% ;SD 4B Rt K Pn Tr \WUEi F1 CE it 47
AN N, 5 CK M EL,SD ZbBER | Bk Ci Ahasok
EHEFR I B FE AR (P<0.05) ;MD 4B R, Pn Tr . Ci
I CE Bt & 3 0 i T B, Gs . WUEI i i £ £ 4%
Jnme K, 5 CK AH L, MD &b ¥R T % WUE: 4 23
BEMZER(P>0.05) 58, HAROCAHabn B TR (P
<0.05) ,

2) IV AR a4 Ry, Pn Tr (Gs 1 CE Y BfE
TR AN T E W R (P<0.05) ; LD &3 T i
Pn Tr .Gs . WUEi . CE Y55 ita B 8 33 Jii 7 384 K, TV -
LDHK % IV-LDLK [ Pn Fl Gs ' 33K (P<0.05) ,
5 CK AL IV-LDHK AbBE Pn #2755 0.96% , WUEi 2
112.00% ,H 22 5 R 18 1 3 MK F- (P>0.05) , SD,
MD 4bBEF | BB AR AL, i R OB e bR AR AN B
;5 CK FH L, SD 4bBE T, BR Ci S5 A 48434 i
FRER (P<0.05), MD 4B R, % MDLK Ab ¥ T
WUEi K2R EFEM2E 5 (P>0.05) 4, KR &OLE
FE b5 3 E TR (P<0.05)

3) FEAK XA i R A R A Y R KT
TR SRR SEI , T IV 313 7K % 25 5 46 in 52 il
A K- (P<0.01) T B i T 6s 5 1V
W Tr Gs S0 B35 (P<0.05) , T #WA L TV W B
T 1 B 7K SRR RS KB — A X 1L 3] P Tr 520
W23 (P<0.01) X% CE 5200 2.3 (P<0.05) , X% IV
W Pn Tr WUE: 520 .35 ( P<0.05) ,

LEAOKE 5 CK ABAH HE , 7 5 S0 1 R i Fn 2R
SRR R R K 3T ORI A R B AR BE C B (T -
LDHK 5 IV-LDHK ZL3#) ] 57K 35 18 20% , HAT |
TR 7O VE T, R Bk A i
T — R A

S % X #k.
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