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Effects of apple branch fermentation compound substrate on tomato

growth, yield and quality of fruit
Du Han, Qu Jisong, Zhang Lijuan, Zhu Qiannan, Wei Wenlu

(Horticulture Research Institute, Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan 750002, Ningxia, China)

Abstract: To promote the resource utilization of agricultural waste and reduce cultivation costs, this study investigated
the effects of compound substrates formulated by partially substituting peat with fermented apple branches on tomato
growth, yield, and fruit quality. The aim was to identify an optimal substrate formulation and elucidate the underlying
mechanisms, thereby providing a theoretical basis for high-quality tomato cultivation. Using fermented apple branches,
peat, and perlite as raw materials, four treatments were prepared based on volume ratios: T1(2:5:3), T2(3:4:3), T3
(4:3:3), and T4(5:2:3), with a commercial substrate as the control(CKD. A trough culture system was adopted, and the
physicochemical properties of each substrate were systematically determined. Their effects on tomato root morphology,
photosynthetic characteristics, yield, and fruit quality were analyzed. The results showed that T3 (containing 40% apple
branches) exhibited the best overall performance, with total porosity, water-holding porosity, available nitrogen content,
pH, and electrical conductivity (EC)all significantly superior to those of CK. This treatment significantly promoted root
development, resulting in the largest total root surface area and total root volume. Moreover, it achieved the highest net
photosynthetic rate and stomatal conductance during the full fruiting stage. Tomato yield in T3 was significantly increased
by 8.55% compared with CK. The content of soluble solids, total soluble sugar, vitamin C, and soluble protein in fruit
were also significantly higher than those in CK. Correlation analysis indicated that substrate EC and pH were key environ-
mental factors driving high yield and quality. In conclusion, fermented apple branches can effectively substitute for a por-
tion of peat in tomato cultivation substrates. The T3 formulation (apple branches: peat: perlite = 4:3:3) enhances root

growth and photosynthetic performance by optimizing the physicochemical environment of the rhizosphere, thereby syner-
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gistically improving both yield and quality. This formulation represents an optimal, environmentally friendly, and efficient

solution for high-quality tomato cultivation.
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Table 1 Proportion of compound substrate %

s RRUREREA B3
Apple branches .

Treatment . Turf Perlite
after fermentation

Tl 20 50 30

T2 30 40 30

T3 40 30 30

T4 50 20 30

CK T& b FE i Commodity substrate
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Table 2 Effects of different treatments on physical

property of matrix

s B SALBGEE WRALE KL
Bulk density/ Total Aeration Water holding
Treatment B . . .
(g-em™) porosity/% porosity/%  porosity/%
CK 0.39+0.02a 84.20+0.22c¢ 36.58+0.55a 56.71+0.78 d
T1 0.31+0.02b 87.86+0.17b 29.36+0.41b 68.99+0.58 ¢
T2 0.26+0.01 ¢ 90 30+0.04a 25.97+0.12 ¢ 72.43+0.64 b
T3 0.28+0.04 ¢  90.61+0.15a 22.86+0.35d 76.85+0.98 a
T4 0.32+0.04b 88.01+0.17b 25.86+0.39 ¢ 72.17+0.57 b

T B /NG P R n A ) 22 53 835 (P<0.05) . T,
Note: Different small letters in the same column indicate significant

difference among treatments(P<0.05). The same below.

22 EBRERMTFEMR

AN [F)C 77 Ak B K R O (A S P R A T W
M. WIER 3 B, 50 (CKO #H B, T3 #1 T4
AbFE L E R TR A A &, R T3 A B AL
R, B CK REHRE T 6.76%. (EH S &
J7TH , 5 Ah B R R I H BT CK AR, K
T A T3 A AL CK 4 i) 2 35 FEAIK T 24.42%
M 24.64% . T2 B BH S EERNRE K
CK 2 EHE T 556%, 1M T3 4 HE 5 CK & 3% [%
KT 3.70% . 1EHE T 4 5 7% o J7 T, 5 Jita BE Ak 22
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HER SRS CK EEEER, RETEAK
S5 oA A HE Y A O T A AL B ) A R B
FLT CK, Hodr T1 Ab 3 4 0 & B PR R K,
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Table 3 Effects of different treatments on substrate nutrients

e wOEMED wCH D wOHE D w( %0 w( A=) EC &
Treatment Available N content/ Rapid available Rapid available Total N content/  Total P content/ pH EC value/
(mg-kg" P content/(mg-kg') K content/(mg-kg') (g-kg') (g-kg" (mS-cm™)
CK 44.24+0.48 b 70.02+1.45 a 85.43+1.00 ¢ 0.053+0.001 a 2.56+0.28 a 6.344+0.08 be 1.86+0.22 be
T1 32.76+0.00 d 52.92+1.23 ¢ 88.734+2.03 ab 0.030+0.001 ¢ 0.74+0.01 ¢ 6.27+0.09 ¢ 1.71+0.06 ¢
T2 34.63+0.81 ¢ 69.76+1.64 a 90.18+0.60 a 0.042+0.003 b 0.85+0.02 be 6.52+0.02 abc  1.68+0.06 ¢
T3 47.23+0.81 a 52.77£0.92 ¢ 82.27+1.00 d 0.053+0.004 a 0.92+0.04 be 6.70+0.24 a 2.12+0.03 a
T4 46.76+£1.40 a 61.34+1.59b 87.15£1.65 be 0.044+0.002 b 1.07+0.17 b 6.58+0.13ab  2.02+0.05 ab
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Fig. 1 Effects of compound matrix on photosynthesis of tomato at different growth stages
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Table 4 Effects of different treatments on tomato quality

e i W('ﬂJliﬁ‘ﬁl_‘.lﬁ]%%) PIGIREIEHSY ) p(ﬁﬂlﬂ?). w(?ﬁi%% ()] w('ﬂJA‘iﬁ‘ﬁﬁ{S) BHIE L .
Treatment Firmness/N Soluble solids Total soluble 7sugar Organic aCld, Vitamin C ?ontent/ Soluble protemr Sugar—aold

content/% content/(g L") content/(g-L")  (mg-100 g™ content/(mg-g") ratio
CK 2.92+0.14 a 5.02+0.06 ab 0.75+0.06 a 0.110£0.001 bc ~ 25.46+0.12 b 31.06+0.27 ¢ 6.82+0.55 a
Tl 2.25+0.06 bc  5.35+0.01 a 0.58+0.01 b 0.103+0.006 ¢ 22224023 ¢ 33.66+0.23 b 5.63+0.10 be
T2 2.73+0.07ab  4.63+0.06 ¢ 0.58+0.12 b 0.102+0.003 ¢ 23.84+0.31 ¢ 30.20+0.15 ¢ 5.69+1.18 be
T3 2.76+0.07ab  5.24+0.57 a 0.81+£0.04 a 0.131+0.004 a 30.85+0.16 a 37.13+0.11 a 6.18+0.31 ab
T4 2.22+0.09 ¢ 4.92+0.57b 0.51+0.01 b 0.118+0.002 b 26.81+£0.42 b 34.65+0.21 b 4.32+0.08 ¢

RS TREILEIIRRIERA~ERIF M0
Table 5 Effects of different treatments on root system indicators and yield

b3 LN/ S PR AR SKE LSS AR AR
Treatment  Single plant yield/kg Yield/(kg-667 m*) Total length of root/m Total surface area of root/m?>  Total volume of root/cm’
CK 5.20+0.11 be 10276.74+140 b 4.73+£0.24 d 0.014+0.003 ¢ 5.71+0.21 ¢
Tl 491+0.21 ¢ 9701.42+142 ¢ 5.33+0.54 ¢ 0.017+0.002 b 6.35+0.22 b
T2 5.48+0.17 ab 10 821.32+102 b 8.14+0.44 a 0.011+0.002 d 5.42+0.18 ¢
T3 5.67+0.24 a 11 15527176 a 6.55+0.18 b 0.024+0.001 a 6.95+0.14 a
T4 5.54+0.16 a 11214.38+195a 5.60+0.13 ¢ 0.016+0.004 b 6.09+0.23 be
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Table 6 Correlation between substrate property and

tomato growth and quality index

EEE

Index

AN APC AK TN TP pH EC

FN 0.217 0500 -0.392 0.741 0579 0.139 0.049
TSS 0.071 -0.826* -0.494 -0.176 -0.077 -0.235 0.282
TS 0.437 -0.116 -0.821* 0.716 0.434 0.214 0.437
TA 0.854* -0.460 -0.895* 0.650 -0.036 0.773  0.975**
vC 0.860* -0.291 -0.881* 0.771 0.032  0.835* 0.938**
SP 0.533 -0.854* -0.688 0.145 -0.401 0.555 0.800
YPP 0.641 0.073 -0.424 0.640 -0.177 0.971** 0.666
YHM  0.674 0.085 -0.361 0.582 -0.178 0.946** 0.682
TRL 0303 0.175 0.310 -0.030 -0.568 0.518 -0.208
TSA 0.500 -0.829* -0.817* 0.268 -0.256 0.479 0.756
TRV 0.382 -0.917* -0.707 0.089 -0.361 0.387 0.671
P 0.597 -0.795 -0.694 0208 -0.392 0.636 0.847*
0.113 -0.420 -0.421 0.261 -0.527 0.712 0.356
-0.099 0.921* 0.239 0336 0.770 -0.397 -0.440
0.801 -0.300 -0.897* 0.777 0.033 0.811* 0.890*
WUE 0530 -0.535 -0.272 -0.027 -0.417 0.529 0.685
BD 0.621  0.143 -0.968* 0.585 0.887 -0.430 0.490
TPO -0.135 -0.398 0.030 -0.141 -0.861* 0.679 0.137
AP -0.103  0.502  0.102 0.079 0.848* -0.788 —-0.380
WHP  0.025 -0.557 -0.063 -0.164 -0.893* 0.726 0.324

W 2 RIRTE 0.05 KT 35 AH 56 s # 2 R AR TE 0.01 7K1 i 35 4H
J%. BD. ZH; TPO. & FLERE ; AP, 38 FLEE s WHP. BEKFLEE ;
AN AU R APC. AU & s AKL UM 5 B TN &
B TP &S B EC. HU5 R FN. BESefi )i ; TSS. Wy PEE &
TS, VAR S R TA AR & & VC. 4E4E 5% C & & SP.
AP T & YPP AR & YHML P28 TRL. iR R K JE
TSA. IR R B R MA: TRV. IR RLAMAFL P, P8 EEE G ST
5 T ZE MBS  C i) SRR B s WUE. K5y FI AR

Note: * indicates significant correlation at the 0.05 level; ** indi-

a = Q

cates extremely significant correlation at the 0.01 level. BD. Bulk den-
sity; TPO: Total porosity; AP. Aeration porosity; WHP. Water-holding
porosity; AN. Available nitrogen content; APC. Available phosphorus
content; AK. Available potassium content; TN. Total nitrogen content;
TP. Total phosphorus content; EC.Electrical conductivity; FN. Fruit
firmness; TSS. Total soluble solids content; TS. Total soluble sugar
content; TA. Titratable acid content; VC. Vitamin C content; SP. Solu-
ble protein content; YPP. Yield per plant; YHM. Yield; TRL. Total root
length; TSA. Total root surface area; TRV. Total root volume; P,. Net
photosynthetic rate; G,. Stomatal conductance; 7. Transpiration rate;

C.. Intercellular CO, concentration; WUE. Water use efficiency.

S50, ECH S5 Gl % iR C 8B AWK S
BB B 2 IR ARG 1 pH 5 SRR AT
G R EREE B, XK, T3 B0 i
(K157 70 2 CEl EC B3R AR ) S B I A PR oA 18



61

F IR, 55 SRR R I S IO T RT3 i A A S SR S B A i 5 A S

X ISR 5T

e BN 7 it AL R DS B AL A R Y (EARTE R
)%, BT 52 I Ak B A 4 s 2 08 B K T R
X A] BE 5 3 SRR AR SRR A By 1) B B UG B R
LA A I 2 AR A 5%, 3RS AE SE R R Hh 7 SRV
Bl 2R O BA M AD 78 o

32 AEMBENNERTFESRRMERANE
IE A

T3 AbFAEREA A F W, JCH A AE YL ™ & 1)
RIS, B ORFF T B B0 B 3R (PO AN
SAILFEG) . XKW, T3 FEm Lt 0 R iF iR Frip
BiprkE 1k R S LI 78 20 TR AT R BE T CO, 1Y
Fo R BERY . BRI, R ARG E T, T3 AL 3 [ I A
HREHIMRI COWKE(C). BH ,C R EkE
CO, it N 78 2 1M - A 20 L 06 B Wi PR A2 PR B
AW, T3 A FR PE CHHRIIE DL KSR 4
Rt K SOt HO6 A TR IR 1R 3R IR RS
FL OGP i 2 VA T PN 40 ' 5 3 1 R R RUAL IR
filo B T3 ALFEN B9 A B S m RO S
TR [FAL R, Bt DR [ 52 HH #5238 CO,, T
PekF T IRE LA RN,

3.3 RIFEMRMNERAS KBIENEF

T3 b PR pl Dy S I 1 76 4 A 52 22 T ot F8 B 1)
D FERTE, SR AEE TR i (AR CO R IR
FO AR R 07 R IR o AR 2B 9 b
HNLERSIHLHIGEfE TR . T ECHS44ER
C AR & B3 ST EAHG, MENEA S &=
51X IR bR 2 R ARG, S A BB T3 5T
HHEFER m M R R A SR B T A R T
SRS AR AR R AR ) 5 1) e T 3
pH 18I 520 7% 40 A SV AIAR R AEFIRAS , A4 2
5w g s. M T, JmAAmE S &5 2 W i
Fabr 2 A OC, X W] g 5 0 2 e 2 F TR N R 40
P46 B T At 76 2R W SAT S5 B, H BAR LB 15
R .

25 LRk, SE R B BB, R 2 T3 Bo 7
CERER R B AR 401301300, @51
O3 — PP ER g AR B A2 A BT IE B AR Bl
0, e HE TR R A R B AR T REAR RO
HAFIIRE, A MRS T &S i BRI .
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