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Effects of biochar on the tomato yield and quality in heavy loam
soil in greenhouse under deficit irrigationin

DU Bingjie, CAO Hongxia, PAN Xiaoyan, ZHANG Zeyu
(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas/
Northwest A&F University, Ministry of Education, Yangling, Shaanxi 712100, China)

Abstract ; The objectives of this study were to explore the effects of biochar addition on the yield and quality of
tomato cultivated in heavy loam soil under deficit irrigation in greenhouse, to determine the optimal amount of irri-
gation and biochar addition for the optimal yield and comprehensive quality of tomato,and to provide a theoretical
basis for irrigation and biochar application for greenhouse tomato cultivation in heavy loam areas. Nine treatments
including 3 biochar additions (0, 3%, and 6% of dry soil weight)and 3 irrigation levels; full irrigation( W1:75% ~
85%80,) , moderate deficit irrigation (W2:55% ~65%0,) ,and severe deficit irrigation(W3:40% ~50%80,,0, is the
field water capacity) were set up in a bucket experiment. The results showed that the yield decreased by 13.8% ~
54.0%, and hardness, fruit shape index, vitamin C, soluble solids, and organic acid content of tomato significantly
decreased under deficit irrigation without biochar addition, while the fruit shape index and lycopene content showed
an increasing trend. Irrigation water use efficiency significantly decreased by 10.9% under severe deficit irrigation.

The biochar addition increased yield and irrigation water use efficiency by 12.3% ~22.0% and 23.3% ~28.6%, re-
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spectively, but had no significant effect on VC, lycopene,soluble solids, and appearance quality index under full
irrigation. The content of soluble solids significantly decreased by 6.4% ~17.7% under full irrigation with biochar
addition. The biochar addition wasn’t conducive to the yield improvement under deficit irrigation condition. Com-
pared with COW3, the yields of C1W3 and C2W3 treatments decreased by 37.6% and 17.1% (P>0.05), respec-
tively ,while the appearance quality index, VC, and soluble solids were improved to a certain extent. The irrigation
water use efficiency decreased with low biochar addition amount and increased with high biochar addition amount
under deficit irrigation. The results of comprehensive analysis showed that adding biochar under all irrigation treat-
ments could optimize the comprehensive ranking of tomato, and the treatment with low biochar addition under full
irrigation performed better, while high biochar additionwas better under deficit irrigation, especially, under C2W?2
treatment. Also, the comprehensive ranking of tomato achieved the result of full irrigation without the biochar addi-
tion. In conclusion, the CIW1 treatment (when the irrigation level was 75% ~85%86, and the addition amount of

biocharwas 3% ) resulted the bestin comprehensive evaluation through the comprehensive consideration of compre-

hensive principal components of quality, yield, and irrigation water use efficiency.

Keywords: tomato ;biochar; deficit irrigation; yield; quality; greenhouse

K RAEYIE K E B AT D, Bk &
SO A L A R R Rk
T 28 0 AR 5 22 i BRA% G 1Y) v 7K e T 8 0 B
B BARARAE T 7™ i, (B 7K 43 1) FH 45803 R K R
I ek i it ) 3 4 9 8 3R Ak R ek
SR TR 2 R S A HE I A B
Wt A Ml 1) B 5 J

AW R AR DA DL R SRS B AR A A
TR E R B E LR B
KREHREMH A REEFRITR(CN.P K Ca
)N BRI A s nT DASE o AR -
SERR T - R K RE T AR E AR i
B R VR 7=, AP e A g R BRD B 4 R
A=Wy BB i - S B A Rk i HE T AR R AR
R KB R0 5 AT A R e R+
Ferh iR InAE Yok Re 22 A IR AL E B A U E A
F WAL, DI I 245/ 1130 = 7 O 0
INFASE AR 7k TS BRI T A5 SRR A e
FIGEUAE it T LA I8 2 1 i K R R 7= o, I Bl A=
(4 500~9 000 kg «+ hm™) BEH G 7E IR
KA 5 3 1 AR Pt %t Az 49 ¢ Fn I A A 45
B BRI R T R R

HHOX T4 Yok i o 2 4 v e H 3R ) 22
FS SRR K M 22 1 18 T AW e 55 0 R it v )
WEFE AL WS T A2 W) o 5 5 R RS 5 X 3
JIES T3 Al 1 A8 T 0 i it O A ) i A F
Fo DRI, IRGEAN R AE R AR X 5 e e 2 ik
7 R TS B 2R S PP T R A A A
HE AR ) 5 RO R T A T, ] A A 3 A T 2
A+ T AR B P T RS HARTE T

1 ARSIk

1.1 IE LR

IR T 2019 4F 4—8 H #E BV i va b A MRt
e R B X K E I A A0 0 (34°20°N, 108°24
E) WS BT, IR R R 521 m,, A5
e 6 3l (10 S ¥4 R N 21.25°C , 4R & T 1N 653
mm, H FEECH 812.5 h, FHEKE N 1.6 m - s,

TR0 R RS — B 2B ( 42 30 cm, JIKHE
HAE 25 em, 7 30 em) |, FEAEEE 14 kg T4 HEN M
R PVC 4, 5147 6 N FL(d=2 em) , L M g A,
FFHEK . W ST A, By kK ik, +
BRI BB b AR ES . LA
(NS v I o w3 = i W IV S N I |
#10~20 em HHEZ, 3T FIE L A5 E .34
g - em ™, HHFEKER 23.9% (FEF/KE) ,pH {4
h7.83, RIS AR Wk R SRR e, W TR PEAC
F YRR I R AT BRAA F] il 25 1 B2 Ry 450°C ~
480°C , HALITIAI N 8 h,pH {H} 9.28 , 45 1 0.44 ¢
cemT BB E RN 72411 g - kg, BA S ES
11.56 g - kg™' .
1.2 gt

W 3 MHEKEEE (S5 W1.75% ~ 85%
0,5 "R K 53 75 B W2:55% ~ 65%6,; 5 /K 43 75 lilt
W3:40% ~50%6,) Ml 3 D EPBANKNF-(CO: AT
Jn;C1:3%;C2:6%) (LA di T REA ), 39
A kPR, BT COWD, CIW1, C2W1, COW2, C1W2,
C2W2.COW3 CIW3 C2W3, BN ER 15 K,
it 135 #ifi,

HHEXFSEEL 2 mm §, SEY R ARG



138 T2 X AR 5

o538 &

DUUE 1 JE, MERhiE H 4% N P K Pralif, 4390k
0.240.0.132.0.210 g - kg ' (¥ 5T L Eil) . BEAE
— M EL, FE AR IR BGE R 1 s 2 B LA
BEVE K it A | 18 A 53 1) 7 5 — R R RN 5 R AR A 2R
SRR, T T 4 A 10 HEH, Eh 5 7 /)
HWOKEHEFFKE, ZW 10d 24, ZEHEXR
8:00.18 : 00 >R HFRE LIEATHEK,, e IEAE G X
S5 KA T B b E (4 A 20 H—5
A3 H) AR5 A3 H—6 A 25 H) A
KAiii(6 H 25 H—8 H 12 H) , B UH R )5 T
51,2019 45 8 A 12 HHufk,

1.3 MEIER

il T« PR R S BBV A i — | T SRR
HEAT b B | B 3 Y A2, e Rf i |
KAN—2, ML, R EDEIE 1 5 ASF A, Rl E
ST RIHZK IR , WK 480 7K 5 I 52 2 i 00 21 0 i I
(RERE FIEHRE RO F5 50 FE IR BT (VC i
IR AR Y TR AR B S IR
BOP A,

ANV T B B FHR -5 75 S Sz ff i i)
Pebn B RO B TR g Ae il AR (1) HE
RAFEEL,

A
%ﬂ?ﬁ%ﬁh%g (1)

FH SP60 {0 25 A AE 3 it J8 S F- 23k 6 A~ s
Bz ARG L7 o™ b7, ME 3 AECF41E,
(2) AR AR

Rlafige=— o0

L Va?+b"?
FE I AR R TR2008 T =00
FHI5E ; FAHLLE H EV300PC K148 40 —TT L4356
JETHRIE 3 VC AR W L i 00 5 vl 5 1 4 FH i
fi — JECA L 2325300 5 5 A HLER 0.1 mol + L™' NaOH
T A TR
FE AR S BEMLEERE 3 Bk, B UCR T
FHRGRE N 0.01 ¢ 1 HL T FEFR & 10 5%, o A 2%
JEH A =
VTR /K R FH A%« AR R a0 R BLE R /K
T K FHSCR
i . O
Yﬁyﬁmﬂﬁﬁaﬁz%:% (3)
1.4 MR AEEKKETEMTEMRRY
MALR & 2
SREEA VAN AR 4 e R T i 7 R b S A R )

(2)

i Excel W4 7 il b B A bs HEAL, 80353
FriJr ikt Hh RS 3 it it o A B 4558 o,
BT LR E R i K R I AR R
FHREAN LR 2 A BT 2R B R4 et B L AL 2
1.5 #iEamE

I EHE K A Microsoft Excel 2010 #4788 #
KH SPSS 21.0 #E4T )5 22504  ERIT T

2 ZERE5T

2.1 HEMRAMESERKEXNEMR™ERER

K F] AR ZE R R0

FER 1 ATAL, 5 SR AR T A i,
COW1 AL, COW2 ., COW3 Ak B (% 7= H 43 5| B AL T
13.79% .53.95% , COW3 5 COW1 #H 2= ikt
EKF(P<0.01) , TEFR5HEWE B A INAE Y A g 2
5 T i 7 e AT R K R R S0% , 5 COWT b #EAH
L, CIWT Ab 3 A% 2 i 7™ £ R EE TR 7K 1) 380% 53 )
PR T 22.05% (P<0.05) 28.62%( P<0.05) ,C2W1 4k

&1 AREYRFMENETKEAEM=E,
K EREB KT AR E R0
Table 1  Effects of different amount of biochar and irrigation

levels on the tomato yield and irrigation amount and

irrigation water use efficiency

wky e it T
In;gaulon Biochar Yleldiz amount use efficiency
evel treatment /(t + hm™) /(m® - hm2) /(kg - m™)
Co 76.51bc 4470a 17.13d
W1 Cl1 98.15a 4090b 24.00a
Cc2 87.26ab 3840d 22.71b
Cco 65.96¢d 3880c 16.99d
w2 C1 49.56ef 3150e 15.71e
Cc2 59.54de 2860f 19.62¢
Co 35.23fg 2380g 15.26f
W3 Cl1 21.99h 20201 10.89¢
Cc2 28.20gh 2050h 15.83e

BEPEKEL P {H P value of significant test

WEBE Trrigation 0.000 " * 0.000 * * 0.000 " *
W) Biochar 0.409 0.000 * * 0.000 " *
HECEDR o 0ee 0,007 0.000" *

TrrigationXbiochar

H AF/NG FBERR LSD K3 b #1922 57 W 3 (P<
0.05) , * R P<0.05 KB L FE KT, » + FIR P<0.01, 35T B3F
K, T,

Note: Values within the same columns followed with different letters
are significantly different at P<0.05 according to LSD test. * :significant

at P<0.05; * = ; significant at P<0.01, the same below.
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Table 2  Effect of different biochar amounts and irrigation

level on tomato appearance quality

AT Yy pabym RAEFER RESEHK
Trrigation Biochar Firmness Fruit shape  Fruit color
level treatment  /(kg + cm™2) index index

Co 4.67a 0.765¢ 38.871ab
W1 Cl 4.78ab 0.818bc 36.150b
Cc2 4.50ab 0.881be 37.303ab
Co 3.94ab 0.878bc 35.215b
w2 Cl1 3.91ab 0.837he 36.795ab
Cc2 4.61ab 0.835hc 36.349b
Co 3.83b 0.928b 35.765b
w3 Cl1 4.13ab 1.093a 35.645b
c2 3.81b 1.157a 40.418a
BEMAGIS P {H P value of significant test
HEME Irrigation 0.037 " 0.000" * 0.354
Y5 Biochar 0.99 0.005* * 0.173
MBI 048 0.008" " 0.076

IrrigationXbiochar

MLIR WER Lt 55 %8 5 i B s2 i, B AOR & HE
XIFEARLLER TR [EE ) IR L5 e =, A=)
XS VC B R Al EEIE Y s 8%, — &3
HAEFX TR E SR TR bR ) 2, Rk 3 ]
A TE TSR RS I et VO FRLLER AL
R IR LU 34 TG 0 35 52 ), A A] IS PR [ ) 5 2 ik
BT 6.38% ~17.66% (P<0.05) , T 7E 7 SRIEBE T 7%
T B RS T VC Fr i (C1W2 AL FERRAM ) AN
AR TR ) 2 i, (X L0 R (C2W2 b B R
AN A HLER FUBERR b G W m, Hod 5 cow2
AEFAF LY, C2W2 AbBHE) VC S &3 T 29.78% (P
<0.05) , FAMAR F M T 30.62% (P<0.05)
23 BEMEARENERS ST

SR PEA 2 BT S 0 A= 40 e Xof AN TR E K - R
TG b BB R TR, 36 A O o (A R | R AR 4
ORGSR R E) BEFRMTT(VC F/AMLLER AT
WA EIEY) A PR BERR L ) S48 bR B AT 3 o 43
B e 2 R AT HEA . HE 2 B AR AT
FAILRA TS

A R IEAE A 25 DUk R AN 4 iR | i
34 F K A 0 7 25 BT Ek R 4 B R 40.235%
32.187% .16.22% , R 5k K ik 88.642% , A 3K HL
B F2E B B D8 hn B, — el R 2250
BRI T 85% Mo R WL AT 25 B PRI, ik
AU 3 A R R LR G i,

I 3 A F BT 525 W S50 B3 far 280 P L
5, A A F RSk B LA H SRR
TEHAE ARSI AR, 15 3045 05 R IE ) 2, B
53 1.2 3 BeRERIBA A (4) ~ (6) .

C, = 0.46X, — 0.158X, + 0.325X, + 0.361X,

- 0.491X, + 0.201X, + 0.441X, - 0.225X,

(4)

C, =— 0.236X, + 0.542X, + 0.219X, + 0.178X,
+0.112X, + 0.554X, + 0.232X, + 0.445X,

(5)
C, =— 0.097X, + 0.24X, — 0.523X, + 0.538X,
+0.307X, - 0.097X, + 0.304X, - 0.417X,

(6)

XX, ~ X, M BIFOREE RAFER RO

VC FEMLE AT EIE Y A LR B IR L AR

AL ERE

M (4) ~ (6) AR A LB E sy, PL 3
BB T 22 TERCR N R, (7)) 45 b B
LA WG (Y) ITHHER AR IR 6 R,



140 T XA 5T 538 %

Y =7,C, +n,C, +7,C, (7)  ARBERZ 43514 0.89.0.793, M1 L COW3 AbHHH# fin
KL g mm BN 40.235% 32.187% . T 197.79% F1 186.89% ., C2W2 AbBRHE# 5 =, %
16.22% ., COW2 ZbFRIE N T 298.32%, 1M CIW1,C2W1 4bFf

ASTRIAL B 76 0 b R 25 E o M HEZ S5 R B COW T A FTFEAR ., PERATE 5 BREIE N dshn A= he
(F6)FW,C2W3 WHAYZEE £ 0, C1W3 RECE T 2R 5 i
£3 AMRRIMERERK TSRS ERRN SN

Table 3 Effect of different biochar amounts and irrigation level on tomato nutritional quality

i B YO WROR o wmemne AR gD
lovel {reatment /(mg - 100g™") Lycopene/ (g + g7 ) Soluble solid/%  Organic acid/(g - 100g™") Latio/ %
CO 21.163cd 30.867de 4.70¢c 0.320b 14.690abc
W1 C1 19.533de 36.967cde 4.40d 0.287b 15.74abe
c2 22.158bc 28.433e 3.87e 0.270b 14.232bc
Co 18.927de 59.867a 3.13g 0.207b 14.983abc
w2 C1 18.352¢ 49.200ab 3.63f 0.283b 12.769¢
c2 26.958a 41.533bed 4.33d 0.347b 12.653¢
Co 14.237¢ 51.833ab 4.47d 0.250b 17.706ab
W3 Cl 23.887h 45.367hc 4.87b 0.330b 14.754abc
Cc2 23.887b 52.200ab 5.50a 0.293b 18.606a
BEMERL P {H P value of significant test

HEWE Trrigation 0.524 0.000* * 0.000* * 0.088 0.000" *

A5 Biochar 0.000" * 0.005" * 0.000 " * 0.002 0.276
Irii;%:n%jﬁiar 0.000 " * 0.000 " * 0.000 " * 0.000 " * 0.004 " *

F4 BEMBREBSPFHEE.FERRKERRITEKE

Table 4 Characteristic value, variance contribution rate and cumulative contribution rate of principal components of tomato quality

WILGRHFFAE(E Initial eigenvalue FEICEJ FZR A Extraction sums of the squared loadings
%y - A : RIRTTIRAR /% - S : BRI %
Tt A sl WHERL  iTiase ) POuRE/%
Component . . . Cumulative variance . . M Cumulative variance
Eigenvalue  Variance contribution o Eigenvalue  Variance contribution o
contribution contribution
1 3.219 40.235 40.235 3.219 40.235 40.235
2 2.575 32.187 72.422 2.575 32.187 72.422
3 1.298 16.22 88.642 1.298 16.22 88.642
4 0.434 5.425 94.067
5 0.322 4.03 98.096
6 0.15 1.875 99.971
7 0.002 0.026 99.991
8 0 0.003 100
x5 BEM@MRENSDSEN®RBISIRH RS FEKER ®6 FRLENERRRESERS RS
Table 5 Principal components of tomato quality and component Table 6 Comprehensive principal component and rank of
load matrix of tomato quality indexes fruit quality of tomato in different treatments
BRIE i S 1 Sy 2 Sy 3 -~
aluation parameter  C R E
Evaluation parameter Component 1 Component 2 Component 3 gLt - . HA
e Treatment Cl c2 C3  Comprehensive principal Rank
EE;;JTI‘J}T;;SS 0.825 -0.378 -0.11 reatment component an
R %
Fruit shape index -0.284 0.869 0.274 COWI 2355 -0.244 -1.523 0.622 4
REFEE 0.583 0.351 ~0.596 C1W1  0.610 -0.823 -0.529 -0.105 6
Fruit color index o ’ ’ .
Ve 0.648 0.285 0.613 C2W1 1.337 -0.765 -0.805 0.161 5
-
4 - _ -
?nul% —0.881 0.18 035 COW2 -2.892 -1.622  0.904 1.539 9
_yeopene CIW2 -0.946 —1.393  0.429 -0.759 7
lataanad 0.36 0.889 ~0.111
Soluble solid ’ : . c2w2 1.918 -0.633 1.282 0.776 3
GRS 0.792 0373 0.346 COW3 -2.158  0.584 -1.130 ~0.864 8
Organic acid ’ ’ ’
A Clw3  0.332 1.451 1.184 0.793 2
MR 1L

Sugar-acid ratio —0.404 0.714 -0.475 C2W3  -0.558  3.445  0.037 0.890
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Table 7 R and ranking results of three indexes

with each treatment

mRERE MY . HEBUKAHRCR

b
s Quality comprehensive _ . Irigation water 3R RSR il
Treatment © . .. Rank
principal component use efficiency
CoOw1 6 7 6 19 070 3
C1W1 4 9 9 22 0.81 1
C2W1 5 8 8 21 0.78 2
COw2 1 6 5 12 044 5
() 3 4 3 10 037 6
C2W2 7 5 7 19 0.70 3
COwW3 2 3 2 7 026 7
C1W3 8 1 1 10 037 6
C2W3 9 2 4 15 0.56 4
3 0 il

AWFFE R B AE 38 b S AR Wk e 8 1 v A
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