THYE S S I0RE] 2022, 28(5): 894-905 doi: 10.11674/zwyf.2021500
Journal of Plant Nutrition and Fertilizers http://www.plantnutrifert.org

BT ROt E A - R K RS RET HEA S

74!‘i'z 7?‘1;%, @JEA‘{Qa ZJJ’E %, 4:-9]}%’ i]’fc‘,ﬂ‘, ?)&47‘%*
( RO OR B A TR A O AL AR Al K= S 54458, LW 8% 271018 )

WE: [ B ] K. EEZREDA MW EZHRER, JEiit eSO RR H EEE s F ) R R
o R ARAR T T = I AR IR R A, FRATRSE THEK SHmaUeiimiE mHEdA G, [ FE ] Akl
AR AT, HAFEA A PR o EEIVE (W) AL (CK) At FH 4 i3 30 S Ab
(K,00.95 g/kg, CF)2/xF M B8 3 MERSEALHIUKT, 400008 M K0 TR T 100% (K. 80% (Ko,
K,0 0.76 g/kg) 1 60% (K¢, K,0 0.57 g/kg); WE 3 MHEKBBE, 20510 HIHEFKER 90%~100% (W)«
72%~80% (Wg) 54%~60% (W), F£ 11 B, R EZAFTH, WE T Aba8eRf g pH, B5:
K(EC)H, ME TR EMME, [ R ] K, B RS 8 K F R BT Ko, b3,
Koo AbFI S 2505 T Ko AP, H. Ko 558 Koo A1 Koo AEFR) BB & (MR R SD) 425 T 3.4%~7.8%, Ve &
WINT 3.4%~3.9%, TIEMERSEIEINT 2.2%~6.5%, RIHEMHEEYSREEINT 3.5%~7.4%, E#6a R
T 4.3%~10.9%, SILFEERET 6.5%~11.9%, EBACRIEE T 3.6%~9.5%. Wy, b B35 7= 84
Wi Fl Wy AL 2NN 9.8% ~16.0%, FIACRFI A RE ST 6.3~7.1 MESA, Ve Tmgm T
6.8%~24.0%, TIIAMERE S NI T 5.6%~8.8%, TR EEMINT 6.6%~9.2%, WA HRIER T
4.1%~10.3%, ZEBHERE T 8.4%~16.6%, LW . F TN KW A A B B SPAD {8 4 38 T
4.8%~12.0%. 1.7%~9.4% 1 4.6%~14.5%, +IE pHEEE T 0.9%~2.1%, HFRFFET 4.9%~8.2%, £ 94
IREPLA AN EE A, BR Koo W0 Il Koo Wi, A0 BN HA AL B FRAT T 18 3% 55 T CK ORI CF 1977 18 JOK R SR,
KW A1 BT, K. BRI R TEE KT [ 458 ] MK SRR 42 & A i ™
WA ESEA BENIERL RN, & REM ARG ZBER RS 72%~80% (Wy) 518 20% /Y
K,O B A — kMt , TR F M CAROR, IR T 88 pH, FRAKT EC{H, B 1 & #ir-
ELOR, R TR AR FRCR

X HRIA: RS WK W JEARCE; KAFIRCE; 13 pH; HHER SR

The optimum combination of controlled-release potassium chloride and
irrigation for efficient greenhouse tomato production

HAO Miao, QU Zhao-ming, LI Bing, NIU Guo-liang, WANG Long-lin, LI Cheng-liang"
( National Engineering Research Center for Efficient Utilization of Soil and Fertilizer Resources / College of Recourses and
Environment, Shandong Agricultural University, Taian, Shandong 271018, China )

Abstract: [ Objectives ] Fertilizer and water are the two important inputs for efficient crop production.
Excessive fertilization is the main cause of soil salinization under facility cultivation. Here, we studied the
potential of reducing potassium input using controlled-release potassium chloride fertilizer (CR-KCl) and a
matching irrigation level. [ Methods ] A pot experiment was conducted in a greenhouse, using tomato cultivar
‘Luo la’ as test material. The two controls were no K application and conventional KCI (K,0 0.95 g/kg)
application under 90%—-100% field capacity irrigation (CK, CF). The nine fertilizer and water combination
treatments comprised three CR-KCI dosages [100% (K,4), 80% (Ky,), and 60% (K,) of CF)] and three irrigation
levels [90%—100% (W), 72%—80% (Wy,), and 54%—-60% (W,,) of the field capacity]. Leaf photosynthetic
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efficiency, soil pH, and soil EC were measured during the main growth stages of tomato. Also, the tomato yield
and quality were investigated. [ Results ] The average fruit yield and water efficiency of tomato were
K=K 90>Kg,. Compared with Ky, and K, Ky, (P<0.05) increased tomato K uptake (plant and fruit) by
3.4%-7.8%, Vc by 3.4%-3.9%, soluble sugar content by 2.2%—6.5%, soluble solid by 3.5%—7.4%, enhanced
the net photosynthetic rate by 4.3%-10.9%, stomatal conductance by 6.5%—-11.9%, and transpiration rate by
3.6%-9.5%. Compared with W ,, and W,, Wy, (P<0.05) increased tomato yield by 9.8%—16.0%, K utilization
efficiency by 6.3—7.1 percentage points, Vc by 6.8%—24.0%, soluble sugar by 5.6%—8.8%, soluble solid by
6.6%—-9.2%, net photosynthetic rate by 4.1%—-10.3%, transpiration rate by 8.4%-16.6%, SPAD value at
flowering, fruit enlargement, and ripening stage by 4.8%—12.0%, 1.7%-9.4% and 4.6%-14.5%, soil pH value
by 0.9%—-2.1%, and EC value decreased by 4.9%—8.2%. Among the 9 CR-KCI and irrigation combinations,
except for KW o, and KWy, tomato fruit yield and water use efficiency were (P<0.05) higher in other
treatments than CK and CF, KW, achieved the highest yield and quality, and K and water use efficiencies were
also high. [ Conclusions ] CR-KCI and irrigation affected tomato yield, quality, and photosynthetic efficiency.
The optimum combination of CR-KCI and irrigation was 20% less K,O dosage in the one-time basal application
and irrigation level of 72%—-80% field water capacity (Wy,). This combination had the highest fruit yield and
quality, improved soil pH, reduced EC value, and had high fertilizer and water use efficiency.

Key words: controlled-release potassium chloride; irrigation amount; greenhouse tomato;
photosynthesis efficiency; water use efficiency; soil pH; soil EC
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Table 1 Tomato yield and water use efficiency (WUE)
under different treatments

by FeE Yield  KAFIFRCR WUE
Treatment (g/pot) (kg/m?)
CK 1536+22 g 10.89+0.16 h
CF 2780+73 ¢ 19.7240.52 g
KiooW a0 2983+54 ¢ 21.16+0.38 f
KiooWo 3215+47 b 27.95+0.41 d
KW 287347 d 33.09+0.54 a
KW 314334 b 22294024 ¢
KWy 3392436 a 29.49+0.32 ¢
KW 2927435 cd 33.72+0.41 a
KW 2771+55 ¢ 19.65+0.39 g
Koo Wi 3161£70 b 27.49+0.61 d
KW, 2621+61 f 30.1940.70 b
Kie 3023155 b 27.4045.12 b
Ky 3154201 a 28.50+4.94 a
K 28514245 ¢ 25.78+4.70 ¢
W 2966165 b 21.03+1.17 ¢
Wi 3256113 a 28.3140.99 b
W 2807+146 ¢ 32.34+1.68a
P {H P value

JiiA Fertilization (K) <0.0001 <0.0001

7K Irrigation (W) <0.0001 <0.0001

KxW 0.0036 0.0013

T FFVEHE S A /NG FRRRR R LR 22 57 3 (P<0.05).
Note: Values followed by different lowercase letters in a column

indicate significant difference among treatments (P<0.05).
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@108 4100 g (%) P AL B RIRE K X e it v e AL A g AR AR
CK 90.95:047¢ 2.1420.07d  4.30£0.01 gh PP (P<0.01) 20, P RO S HAFE QL ik 3
CF 13.44+040 ¢ 2.62+0.08 abc 4.50+0.01 ¢ Wi K (6 3)0 Ky 88 Koo A Ky BIEE AR
KioWio0 13.63+0.64 be 2.68+0.16 abc 4.60+0.08 d SILFE MR B RSN B EMH T 4.3%~10.9%.
KinwWso 14.45+0.40 ab 2.87+0.19 ab 4.81+0.07 b 6.5%~11.9% F1 3.6%~9.5%, Wy, 5 W, 1 W, B
Ki00Wgo 11.75£0.44d 2.61£0.07 abc 4.44+0.07 ef 7%%%@%%u%%ﬁ$ﬁ%”ﬁ%%% T‘ 4.1%~10.3%
+ + + . o N
KsoWig 13.75+0.29 bc  2.80+0.24 abc 4.68+0.04 cd %ﬂ 8.4%~16.6%, ﬁ}LEFE FL@YE 7}(% E(J i jJD ﬁﬁi
KWy, 15.19+0.51 a 2.88+0.28a  5.02+0.09 a ~
3 A[EALE K E R
KsoWeo 12.25+0.23d 2.68+0.12 abc 4.63+0.02 d & FRISLIRENS & IR
Table 3 Tomato photosynthetic indexes under
KeoW 00 13.81+0.36 bc 2.55+0.09 bc  4.36+0.07 fg .
different treatments
KWy, 14.34+0.56 abc 2.76+0.14 abc 4.73+0.05 be X -
KW, 11.47£0.66 d  2.50+0.20 4.26+0.05 h e TULRE AR
e ’ : ) Ve : : Qb3 Net photosynthetic Stomatal Transpiration
Koo 13.28+1.28a  2.72+0.17ab  4.62+0.17b Treatment rate conductance rate
Ko 13.73t1.31a 2.78+0.21a 4.78+0.19 a [umol/(m?-s)] [mol/(m?-s)] [mmol/(m?:s)]
Ka 132151402 26120170 445022 ¢ CK 14835079 g 0.54:0.02d  6.19:0.26 f
w 13.73+0.41 2.68+0.1 4.55+0.1
" 3730410 2.68:0.19ab  4.55:0.16b CF 23.40+0.45 e 0.66+0.03 b 8.46+0.23 ¢
Wy 14.66+0.58 a 2.83+0.19a 4.85+0.14a
KioWigo 24.67+0.76 cd 0.67+0.02 b 10.49+0.16 ¢
W 11.82+0.53 ¢  2.60+0.14b  4.44+0.16 ¢
i KW, 26.00+0.22 ab 0.61+0.01 11.19+£0.30 b
P {H P value 100 TS a ¢
HiAE Fertilization (K) 01382 0.1097 <0.0001 Ki0Weo 23.93+0.54 de 0.60+0.02 ¢ 9.92+0.29 d
2%7}( Irrigation (W) <0.0001 0.0322 <0.0001 Ksowwu 25.934+0.51 ab 0.71£0.03 a 10.49+0.27 ¢
KxW 0.6286 0.9635 0.1408 KWy, 26.73x1.17 a 0.66+0.02 b 11.96+0.48 a
e APV IE AR/ ING T8RRI AR B E) 22 57 10 3 (P<0.05) KW, 25.1740.45bc  0.61£0.01c  10.29+0.22 cd
Note: Values followed by different lowercase letters in a column
indicate significant difference among different treatments (P<0.05). KaWio 24.00+0.37 de 0.6120.02 ¢ 1027+0.50 d
KW 24.87+0.21 cd 0.59+0.01 ¢ 10.76+0.50 be
—_— .
CFFAER] Flowering KoWe 21.27+0.62 f 0.56+0.02 d 8.85+031 ¢
100 O B S2f% K Fruit enlargement
9 B S Fruit ripening Koo 24.87+1.02 b 0.62+0.03b  10.53£0.59b
s ab 2 ab
9: w0l be d bed 4 od K 25.94+0.97 a 0.66+0.05a  10.91+0.84 a
a
% L5 ) f20 z Ky 23.38+1.65 ¢ 0.59+0.03¢c  9.96x0.94 ¢
b ab ab bele 1] bd e
- ¢ d d dla Wig 24.86+0.98 b 0.66+0.05 a 10.42+0.33 b
o
a) Wy 25.87+£1.02 a 0.62+0.03 b 11.30+0.65 a
<
:‘3’; Weo 23.46£1.77 ¢ 0.59+0.03 ¢ 9.69+0.69 ¢
+ P {8 P value
g 8 & &8 &8 8 8 8 .8 e (K
= 25z 28z 22 - 19 <0.0001 <0.0001 <0.0001
S F F 2 ST Fertilization
VRNV Y; N
HEIK (W)
. Irrieati <0.0001 <0.0001 <0.0001
2 FREAIEFH SPAD & igation
KxW 0.0074 0.0072 0.0082

Fig. 2 Tomato leaf SPAD value under different treatments
TE: #E EARVNG TR RN [FIAE B 22 53 2.3 (P<0.05).
Note: Different lowercase letters above the bars indicate significant

difference among treatments (P<0.05).

T FIVEE A AN PR R RIAE R 22 55 B 3 (P<0.05).
Note: Values followed by different lowercase letters in a column

indicate significant difference among treatments (P<0.05).
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Table 4 Tomato biomass, K uptake and utilization efficiency under different treatments

A= 4 i Biomass #& 1 K content SR B A
Tre%tfim (glpot) (gke) K uptake K use efficiency
AFRk Plant SRS Fruit ARk Plant SR Fruit (g/pot) (%)
CK 1715 f 65+0 h 9.06£0.27 g 23.95+0.35 g 2.91£0.05 h
CF 25444 cd 12016 g 25.76+0.14 ab 34.99+0.27 ¢ 10.48+0.52 g 32.114221 ¢g
KiooWigo 25543 cd 13447 £ 25.87+0.21 a 35.83+0.29 be 11.58+0.38 ¢ 36.80+1.61 f
Kio0Wyo 2633 b 159+3 abe 25.62+0.12 ab 36.26+0.33 ab 12.67+0.11 b 41.43£0.45¢
Ki0oWeo 25243 d 150+£3 bed 25.16+0.24 cd 34.99+0.28 ¢ 11.54+0.11 ¢ 36.65+0.46 f
KW 265+5b 141£11 def 25.61+0.11 ab 36.36+0.41 a 12.09+0.34 cd 48.72+1.81d
Ky Wy 276+3 a 160£11 ab 25.45+0.14 be 36.63+0.15 a 13.11£0.41 a 54.14+2.17 ¢
KW 255+2 ¢d 149+4 cd 25.02+0.22 de 35.74+0.26 ¢ 11.77+0.17 de 47.01+0.89 d
KeoW 00 24743 ¢ 13743 ef 25.23+0.33 cd 35.26+0.36 de 11.04+0.12 f 57.53+0.81b
KW 259+3 ¢ 165+4 a 24.78+0.31 ¢ 35.54+0.19 cd 12.31+0.16 be 66.49£1.16 a
KW 24442 ¢ 146+4 de 24.35+0.27 £ 33.9740.35 f 10.98+0.16 £ 57.08+1.16 b
Koo 25746 b 148+12 a 25.55+0.36 a 35.70+0.61 b 11.93+0.59 b 38.30+2.49 ¢
Ky 265+10 a 150+12 a 25.36+£0.30 a 36.24+0.47 a 12.33+£0.67 a 49.95£3.53 b
K 250+7 ¢ 149+13 a 24.85+0.40 b 34.92+0.76 ¢ 11.44+0.65 ¢ 60.37+4.63 a
Wi 25619 b 1377 ¢ 25.57+0.35a 35.82+0.57 b 11.57+0.52 b 47.68+8.97 b
Wy, 266+8 a 161£7 a 25.28+0.42 b 36.14+0.52 a 12.70+0.42 a 54.02+10.76 a
W 25045 ¢ 148+4 b 24.91+0.35 ¢ 34.90+0.80 ¢ 11.43£0.37 b 46.91+8.75 b
P {H P value

JifilE Fertilization (K) <0.0001 0.6670 <0.0001 <0.0001 <0.0001 <0.0001

K Trrigation (W) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

KxW 0.0402 0.4870 0.7755 0.2939 0.7264 0.0209

T RSB A NG PR 2R A AL HRE] 22 53 .3 (P<0.05).

Note: Values followed by different lowercase letters in a column indicate significant difference among treatments (P<0.05).
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Fig. 4 Dynamics of soil available potassium content
under different treatments
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0.6%~4.5%; Ky Wi, A BREH B AL Ak #H 1
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x5 TELEHLIR pH FE SR
Table 5 Soil pH and EC under different treatments

Kb Treatment pH L 53R EC (uS/cm)
CK 6.234+0.05 d 311.224+8.32
CF 6.34+0.05 ¢ 373.97+15.67 ¢
KiooWigo 6.37+0.03 ¢ 515.29+597 a
K00 Wyo 6.40+0.06 be 471.67+11.41 be
Ki0Weo 6.36+0.07 ¢ 528.80+£16.34 a
KoW 00 6.47+0.03 ab 457.45+25.31 c¢d
KWy 6.51+0.03 a 433.84+15.59d
KW 6.38+0.05 ¢ 487.73+£1091 b
KW 00 6.33+0.02 ¢ 437.11£29.18 d
KWy 6.45+0.07 ab 435.73+7.00 d
KW 6.23+0.03 d 445.09+10.53 d
Ky 6.38+0.05 b 505.25+27.68 a
Ky 6.45+0.07 a 459.67+28.36 b
Ko 6.34+0.10 ¢ 439.31+17.16 ¢
Wi 6.39+0.07 b 469.95+40.16 b
W 6.45+0.07 a 447.08+21.11 ¢
W 6.32+0.09 ¢ 487.21+£37.55 a
P {H P value

JEAE Fertilization (K) <0.0001 <0.0001

K Irrigation (W) <0.0001 <0.0001

KxW 0.0092 0.0360

e HEpHAHL SR T RGN (20204E8 A 23 H) MIE . [R5 Kd
JE AR NG F RN AN R A 22 57 2 (P<0.05),

Note: Soil pH and EC were measured at the harvest time (August 23,

2020). Values followed by different lowercase letters in a column
indicate significant difference among treatments (P<0.05).
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