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Effect of potassium application on yield, quality and photosynthetic char-

acteristics in ‘Junzao’ jujube

ZHU Zulei', HUANG Huali’, ZHANG Luhe’, WANG Duofeng’, JIA Xumei', WANG Shuangcheng',
ZHAO Tong', ZHANG Xiayi', ZHANG Rui', WANG YanXiu"

('Gansu Agricultural University, Lanzhou 730070, Gansu, China; *Gansu Academy of Forestry Science, Lanzhou 730070, Gansu, China)
Abstract: [Objectivel Ziziphus jujubes ‘Junzao’ is a very important economic horticultural crop. The
fruit is rich in nutrition and contains a variety of vitamins and trace elements. It tastes sweet and mel-
low, and is praised as a good tonic. However, in recent years, due to excessive amount of fertilizer ap-
plied to jujube trees, the fertilizer efficiency has decreased significantly. Potassium is a recognized quali-
ty element. Excessive or unreasonable application of potassium fertilizer not only reduces the benefit
from the fertilizer but also causes increase in fruit cracking, decrease in quality and yield, soil crusting,
and environmental pollution. In this study, we examined the effects of potassium fertilizer on yield,
quality, photosynthetic capacity and tree nutrition of ‘Junzao’ in order to screen the optimal application
amount of potassium that improves fruit yield and quality while reduces fruit cracking rate.[Methods]
‘Junzao’ trees were used as the materials for the experiment carried out for two consecutive years in
Jingtai County, Gansu Province. Five concentrations of potassium fertilizer (K,O) (0, 76.5, 153, 229.5,
and 306 g per plant) were used. Mature fruit, leaves and branches were collected in 2017 and 2018, and
quality, yield, contents of nitrogen, phosphorus and potassium and tree nutrition were determined. Chlo-
rophyll content and photosynthetic characteristics of ‘Junzao’ leaves were determined during fruit ex-
pansion in 2018.[Results]1) The yield of ‘Junzao’ was increased and the rate of fruit cracking was sig-
nificantly decreased by potassium fertilization. The effect of yield increasing was strongest at 153 g per

plant. Cracking rate was in the range of 3.58%-55.47%, and treatment at this dose had a significant low-
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er fruit cracking rate than the other treatments. 2) Compared with the control (0 g per plant), potassium
application significantly improved the nutritional status of ‘Junzao’ tree, and the soluble sugars in
leaves and shoots increased with the increase in potassium application. The soluble starch content in the
leaves in the treatment at 306 g per plant was significantly higher than in the other treatments. 3) Potas-
sium application significantly improved fruit quality and photosynthetic efficiency in the two seasons.
The effect in the treatment at 153 g per plant was most significant. Moreover, with the increase in potas-
sium application rate, vitamin C (Vc), soluble protein, sugar to acid ratio, contents of sucrose, fructose,
nitrogen, phosphorus and potassium, net photosynthetic rate (P,), stomatal conductance (G,), transpira-
tion rate (77), and contents of chlorophyll a, chlorophyll b, total chlorophylls, nitrogen, phosphorus and
potassium increased within certain range but decreased when the potassium application exceeded this
range. The intercellular CO, concentration (C;) and chlorophyll a/b increased at low doses and increased
at higher doses, and the application rate of 153 g per plant was the lowest. Principal component analysis
showed that the application of potassium at 153 g (K,O) per plant had the most significant effect in im-
proving the yield, quality and leaf photosynthetic efficiency and in reducing fruit cracking rate of ‘Jun-
zao’ fruit. [Conclusion]Under normal application of nitrogen and phosphorus fertilizers, supply of po-
tassium significantly promotes chlorophyll synthesis, improves photosynthetic efficiency, and has a dos-
age effect. Furrow application of potassium fertilizer (K,O) at 153 g per plant was shown to have the
most significant effect. Therefore, in order to achieve high yield and quality, the recommended applica-

tion amount of potassium fertilizer (K,O) is 153 g per plant in the areas along the Yellow River in Gan-

363

su Province.

Key words: ‘Junzao’; Potassium fertilizer; Yield; Quality; Photosynthetic characteristics
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Table 1 Physical and chemical properties of soil

TJRRE wEHL

wOH R wOE AT wlHE  wE

Depth of  Ji) . : = pa

: . Available Avaliable ) )
ey maerl P K P NNy NN
om (g-kg') (Mgke) (mg-kg) (mg-kg”) (mg-kg™)
0-20 12.05 9.79 70.57 8.52 19.49 0.93
20-40 10.08 16.07 84.34 8.60 13.84 1.34
40-60 5.97 10.72 57.41 8.72 4.1 3.15

IR IFAE IS H 1S DRI RS R H 25 HD
TE AR A JE) L 79 2% 740 e P 6 M, 5 Aok it At 1R 6 0 )
79 0.150.300.450.600 g (7 KO0 43 511 4 0.76.5+
153.229.5.306 g) o 41 2 fran , BAAS Jit £ I8 4 X
Mo F Al 25 AR ORFF— B0 NP IE R IE T 2 R 24
Hit R T K P R 25 300 g+ R %5 150 @) o BRAE N
TR EH (K.0 51%) , 7= H H R /R A
#2 TRLEHHERZ (KO )

Table 2 The amount of potassium applied in different

treatments (Calculation by K.O) g

IbFH THIEH] RSN A

Treatment Flowering period Fruit expansion period
i CK 0.0 0.0

Tl 76.5 76.5

T2 153.0 153.0

T3 229.5 229.5

T4 306.0 306.0

1.3 MEERSHFE
131 st &Fa€ RE R, ZBRIKIF
Ve id , FREUH BEFE R 02 g TR E H L, A 10
mL 80% 1 A i 3E 4T 24 h #2 0L, 7E K 645,652,663
nm N IEBOGEE, N A R E 4% a (Chla)
H4E2 b (Chl b) & &

M 4E 4K a & &/(mg - g ') =(12.7 (D663))-2.69
(D645)x(V/(1 000xW))

4% 4K b & B /(mg - g =(22.9 (D645))-4.68
(D663)x(V/(1 000xW))

M 44 B/ (mg - gD =(D652x1 000/34.5)x (V]
(1 000xW))

A :D663.D645 F1 D652 43 5l G4k (0 2 72
HU AE % K 663,645,652 nm N (WG . vV oRIR R
AT (mL) , W oI g3 i & ().

132 A&eS%mz G T BA T EE A
BH B ZATh REM, ] Li-6400 Y6 A {X (LI-COR A 7 , 36
D T8 K 9:00—11:00 am Ml 52 e AR SIL S
JE 7RI R A COL IR, A b BEIE HY 3 7k

FERRBEHLIEEL 6 5K 1 F 58 .
133 RERAAe T EoyNE Al EERES R E
FH BB L gy, S S R = e FH AR LN
T BV AT R B R e T R et ik,
YR C R 2% HIREHE,0.001 mol- L' 2,6- &
Ty B T3 3 5 o PRI BT B LT ORI, FRBR
=R R TR, R %= R R &
ZH R DLIRIE "I e , Bl U 3 502 , 4B F sl
A-AR BT L €325, 448 FH NaOH J4 fili- JOHE 6 REE,
1.4 BB

F} Microsoft Office Excel 2013 }% Origin 8.0 it
17 A R AR B, I SPSS 22.0 #8477 2= 43 B Al
F R AT Geit o iR A LR 3 ANOVA [ LSD
b5 7 57 1 2 25 7K F (o= 0.05) .
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Table 3 Effect of different potassium fertilizer levels on single

=

fruit weight, yield and fruit cracking rate of ‘Junzao’

A ., PR RRE

GO R R AR REE

Year Treatment Yield per plant/ Weight per Fruit cracking
perp & fruit/g rate/%

2017 XfHE CK 1475.740+61.212 cd  21.053+0.754 d 5.909+0.182 a

Tl 1 513.196+90.576 cd  24.070+0.602 ¢ 4.350+0.174 b
T2 2 134.467+61.712a  29.750+0.893 a 3.717+0.188 ¢
T3 1972.200+64.823 b 27.027+1.081 b 4.323+0.193 b
T4 1 633.280+55.68 ¢ 25.007+0.825 ¢ 5.477+0.170 ab

2018 XM CK 1997.810+72.21d 22.103+0.6d  5.152+0.180 a
T1 2 090.062+82.568 ¢ 25.927+0.831 ¢ 4.818+0.201 ab
T2 3322.083£104.479a 31.860+1.08a 3.083+0.260 ¢
T3 2765.004+136.982b 29.167+0.93 b  3.377+0.192 be
T4 2200.587+£150.04 ¢ 26.447+0.606 ¢ 3.753+0.276 b

VE AL FR LGSR A Duncan’s & MRS, /NG FRER IR 0.05 B
HKFo T
Note: Duncan’s significance test is used for comparison between treat-

ments,and lowercase letters indicate level of 0.05. The same below.
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Fig. 1 Nutritional status of the leaves and branches of ‘Junzao’
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Table 4 Effects of different potassium application levels on internal quality of ‘Junzao’

Y845 (2017—2018 £F)
fruit (in 2017—2018)

s w(4EA2 3 C) Ve/(mg-100g™) w(FEMEE D Soluble protein/% FHER L Sugar acid ratio
Treatment 2017 2018 2017 2018 2017 2018

TR CK 229.485d 252212 e 3453d 4.586d 5.302 cd 5.259d

T1 248.576 b 273.576 d 4.396 ¢ 4962 d 6.966 ¢ 6.756 ¢

T2 272.818 a 295.545 a 5.554a 7.266 a 9.962 a 9.907 a

T3 268.197 a 290.924 b 5249 a 6.561b 8.919b 8.672 b

T4 239.788 ¢ 279.182 ¢ 4.899b 5.834 ¢ 7.713 ¢ 8.173 ¢
L w( A D Soluble sugar/(mg - g™) wOEEHE) Sucrose/(mg-g™") wCRHE) Fructose/(mg- g”)
Treatment 2017 2018 2017 2018 2017 2018
TR CK 44.184 d 44.448 d 8.921 cd 9.191 ¢ 10972 d 12.361 b
T1 46.831 ¢ 47.755 ¢ 9.573 ¢ 10.989 be 15.972 be 19.444 a
T2 53481 a 58.920 a 12.618 a 15.156 a 21481 a 22.778 a
T3 48.435b 53.020b 11.507 b 14.163 a 19.861 ab 20.972 a
T4 44.584 ¢ 47.612 be 9.134 ¢ 11.489 b 13.935cd 13.519b

—o 20174F, YA C & TR M A i T2 I I8 Bl B K
B, AH EE X BT T4 43 51 2 35 38 0 7 18.88%
9.75%+13.77%, M 5 T3 ZR A RE. AlEtEE AR
& — P BRSSP [R] B R — OB Y
BRI, FLAE T2 NIEAE , N 5.554%, T2 5 T3 2 5
ANEFE,T2HEA IR TI T4 2 5 B FE# T
60.85%126.34%+13.37%

PEIR LL 2 45 e IR s i I B AR bR 2
—, ELEER I S KR . T2 BOBERR LL R IR LT
T3.T4 53 ) 5 E BN 7 87.89%43.01% + 11.69% «
29.16%. T2 (AT VERE & & IRV T1.T3.T4 &
FWINT 21.04%+14.20%+10.42%.19.96% . FE &
HLE T2 Ab BN IA B e RAE , H 3 T AR b 3,
HIWEH 9.65%~41.44% . FERELE T2 1K BN, T2 ¢
SR CT1.T4 2 & 327 7 95.78%+34.49% 54.15% ,
T2 5 T3 EFREF. 20184F, IR £ & Jiti 4 kb
HER, LA ST % TR AR S 2017 AR SRABL, HLOR
A _F 2018 4 il FH A ARG B2 vy ¢ 3R R I AR
FEF 2017 45 R0 & FR A0 AR i A & T iR 9R
A WL g A R LRV R R R R R
FBE B B AR IR L, 50at SR S T, il B B v R
i T AR . X AT RE 2 DR Al A 2 ) ¢ R A
XoF 22 S T R IRUAC , Je& P 0 I PR AT R Al e R I

JR A
24 AEHEFAEKEN BE AR B H#SE
AL

HI 5 R, AEAR R R AL 2 Al L, ft P AT R] 2
e BRI R NGPLK IR AR R S EL it
B NLP K S R 2SI A RS

x5 ANEREEEKER BE AR, #% HE20%0
(2017, 2018 FH1E)

Table 5 Effect of different potassium application levels on

nitrogen, phosphorus and potassium contents in leaves of

‘Junzao’ (the average of 2017 and 2018)

JOpL

Treatment w(ND/% w(P)/(g-kg") w(X)/(g-kg")
X CK 0.147 £0.012 ¢ 0.845+£0.056 b 30.533+1.557 ¢
Tl 0.227 +£0.039 ab 1.207 £0.161 a 33.333+1.553 be
T2 0.257+0.017 a 1.252 £0.085 a 38.767+1.904 a
T3 0.190 +£0.015 be 1.190 £0.073 a 36.367+3.570 ab
T4 0.161 +0.024 ¢ 0.944 +0.144 b 32.533+1.097 be

A AL ER N PLK B 3 T N & B R
N9.52%~74.83%, Herh T2 AN S B/, T2 5 T1
ERARE HEES TR IT3MT4:P S &R
M PR 11.72%~48.17% , 5 Jita 4 Ab B r, G DL T2 2R
BN, P T25TI. T3 2R ARE# HEEST
Xof B K T4 K 2 52 = 2N 6.55%~26.97% , 7F T2
AEFERS K ek Bl RE, HT2 5 T3 EZRARE,
(HEZE XTI A T4, X A]RE A RONA S5 & i
RSN GRS SVAPS KN LS ER b N 1L
e
25 AEEHEKEX BE RIA. 3B HEE
Sap=A

1% 6 T 1, A [ i 1 o0 ¢ 3R 4 RS NLPLK
W ST R R R M SR it 40 AL T O 35 1 v R SE NP
K& &, Bl s g m, LN P KT ER
Je LR TR A e ab B, T2 ot e A
T4, N &2/ H 5N T 33.16%M115.12%, 15 T1
MTI LR EMEER . S adf sy 55 m R p
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Table 6 Effects of different potassium application levels on
nitrogen, phosphorus and potassium contents in

‘Junzao’ fruits (the average of 2017 and 2018)
%eiftment w(N)/% w(P)/(g-kg") w(K)/(g-kg")
R CK 0.383 +0.044 ¢ 0.938 £0.066d  29.300 +0.608 ¢
T1 0.450 £0.037 ab 1.928 +£0.037 b 30.733 £1.904 ¢
T2 0.510+0.020 a 2.3524+0.159 a 40.467 +0.551 a
T3 0.497 £0.009 ab 1.654 +0.187 ¢ 34.333 +1.365 b
T4 0.443 £0.036 b 1.721 £0.035bc  31.363 +1.026 b

orE, Hop T2 W3 T AR AL, P A & B M N
N 83.48%~150.75% . FEta s AbEE A1, T2 Ab 3 fity 5 5k
K& &, HW e T HAL B, X5 T1 % &7
AN, T2 T3 A T4 B B, K& & 2 ) W 3 4
T 38.11%17.18%417.04%.
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Fig. 2 Effect of chlorophyll content of ‘Junzao’
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Fig. 3 Effect of different potassium application levels on photosynthetic characteristics of
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Table 7 Comprehensive score and ranking of ‘Junzao’

fruits under 5 potassium application levels

T
hb ¥ ii’iijia{?éjomponent 2’%é?§f§'3\(F) e ?%%ﬂF%
Treatment Score Composite Comprehe'nswe
PCIED) PC2E2) score score ranking
M CK  -1.32059 -0.77466 -1211025172 5
T1 -0.34731 -0.41178 -0.335211492 4
T2 1.306 73 —0.760 68 1.075 603 789 1
T3 0.606 42 0.358 71 0.556 347 107 2
T4 -0.245 25 1.58841 -0.085714232 3

®8 SHEFHATET ‘BE MHANEEEIREHR
Table 8 Comprehensive scores and ranking of ‘Junzao’

leaves under 5 potassium application levels

Ry LGRS
e Principal component AR AEFE) HA

score Composite Comprehe-
Treatment .

score nsive score

PC1(F1) PC2(F2) PC3(E3) ranking
XHHE CK -1.00542 -0.912 94 0.204 08 —0.773 569 605 5
T1 -0.430 68 —0.684 43 -0.276 78 —0.444 885 122 4
T2 1.51935 -0.438 70 0.824 58 0.860 487 028 1
T3 0.45424 0.55283 -1.58407 0.209 638 909 2
T4 -0.53749 1.48324 0.83219 0.14832879 3
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