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Effects of foliar fertilizer on photosynthetic characteristics and fruit qual-
ity of Xiangfu in Linzhi, Xizang
ZHOU Yuliu, JING Aohang, HAN Yanying', LIU Shuang, WANG Xiu, TONG Lingchen, HUANG Wen-

giang, YE Yanhui"
(College of Resources and Environment, Xizang Agriculture and Animal Husbandry University, Linzhi 860000, Xizang, China)

Abstract: [Objective] Apple production is very important economically in Linzhi region. This study
aimed to elucidate the effects of different foliar fertilizers on photosynthetic characteristics and fruit
quality of 12-year-old Xiangfu apple trees in Linzhi, Xizang, in order to increase. productivity and im-
prove fruit quality. [Methods] To meet the study's objectives, a precise experimental design was adopt-
ed. Twelve-year-old Xiangfu apple (Malus domestica) trees with consistent growth and health were cho-
sen as materials. Nine foliar fertilizer treatments were devised, each targeting a specific nutrient: seleni-
um at 1 mg-L"' (Al),2 mg-L"' (A2), and 3 mg-L"' (A3); zinc at 0.17 g- L' (B1), 0.34 g-L"' (B2), and
0.51 g- L' (B3); and calcium at 0.18 g- L' (C1), 0.36 g- L' (C2), and 0.54 g- L' (C3). Spray of water
was used as control (CK). Fertilizers were applied during critical growth stages-young fruit stage, rapid

fruit enlargement, and fruit maturity-using calibrated sprayers to ensure uniform application and mini-
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mize variability. After treatment, photosynthetic indicators were measured, including relative chloro-
phyll content (SPAD value), indicating leaf greenness and photosynthetic potential, and net photosyn-
thetic rate (P.), quantifying light energy conversion. Stomatal conductance (G,) and transpiration rate
(T7) were also assessed to understand water use efficiency and gas exchange. Fruit quality parameters
were evaluated alongside photosynthetic assessments, including single fruit mass, solid-acid ratio, vita-
min C content, soluble sugar content, fruit firmness, and titratable acid content. [Results] The applica-
tion of foliar fertilizers yielded significant improvements in the photosynthetic characteristics of the ap-
ple leaves compared with the control. Specifically, the SPAD value, P., G, and T; were all markedly in-
creased. A ranking of the total scores of photosynthetic indicators for the different fertilization treat-
ments revealed that B3 (zinc spraying at 0.51 g- L") was the most effective, followed by A1 (selenium
spraying at 1 mg- L") and A3 (selenium spraying at 3 mg - L"). This indicated that treatments B3, A1,
and A3 were particularly adept at promoting the physiological growth and photosynthetic efficiency of
Xiangfu apple. Furthermore, the foliar fertilizer treatments had a pronounced impact on fruit quality.
The single fruit mass, solid-acid ratio, vitamin C content, and soluble sugar content were all significant-
ly enhanced, while fruit firmness and titratable acid content were reduced. To comprehensively evaluate
the fruit quality under different treatments, principal component analysis (PCA) was conducted. The re-
sults of the PCA indicated that the treatments could be ranked according to their comprehensive scores
as follows: A3>B1>C2>A2>A1>C1>C3>B3>B2>CK. This suggested that while B3 was supe-
rior in promoting photosynthetic characteristics, A3 (selenium spraying at 3 mg- L") demonstrated the
most optimal overall effects on fruit quality. [Conclusion] The findings would highlight the strategic
use of foliar fertilizers to enhance photosynthetic efficiency and fruit quality in Xiangfu apple. Improve-
ments in SPAD, P,, G,, and T; underscored the potential of foliar fertilization to optimize light capture,
carbon fixation, and water use efficiency. Enhanced fruit quality parameters underscored the nutritional
and commercial benefits of these fertilizers. A3 (selenium at 3 mg - L) emerged as the most effective
treatment, suggesting that selenium would be pivotal at optimal concentrations. Future research could
explore the physiological and molecular mechanisms underlying foliar fertilizer effects, including nutri-
ent uptake, assimilation, and interactions with endogenous hormones. Research could also investigate
synergistic effects of combining different foliar fertilizers or integrating them with other agricultural
management practices. Economic feasibility and cost-effectiveness evaluations would provide farmers
with practical information on investment returns and guide technology adoption in practice.
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Table 1 Detailed dosage of foliar fertilizer spraying

Frid AL Wt o A
Markings ~ Treatment Spray concentration
CK i# 7K Water -

Al I I Foliar selenium spray Il mg-L'

A2 TG Foliar selenium spray 2mg-L"

A3 I 5§ Foliar selenium spray 3mg-L"

Bl I THI M54 Foliar zinc spray 0.17 g-L"

B2 I ME 4% Foliar zine spray 034¢-L"

B3 I THI M4 Foliar zinc spray 0.51g-L"

Cl I 5545 Foliar calcium spray 0.18 g-L"

C2 T 54T Foliar calcium spray 0.36g-L"

C3 I 4T Foliar calcium spray 0.54¢g-L"
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Table 2 Effect of spraying foliar fertilizer on photosynthetic characteristics of Xiangfu apple leaves
e eeEE AL E JiL 5] CO. ¥R FE agEsx

Treatment SPAD Net photosynt%let_lc Stomatal c_on(_iuctance/ Intercellule.lr CO, _ Rate of tra_lﬂlsp_lratlon/

rate/(umol-m” s™) (mmol-m*-s™") concentration/(umol-mol")  (mmol-m?-s™)

CK 33.80+0.36 ¢ 10.25+0.92 ¢ 181.07+£16.44 d 313.2042.7 ab 3.25+0.30 ¢

Al 37.74+1.22 be 11.68+0.51 abc 206.93+15.89 cd 277.42+7.93 d 4.87+0.42 cd
A2 40.61+0.77 a 13.20+0.26 ab 251.2146.97 be 303.1742.32 abe 4.89+0.19 cd
A3 38.74+1.09 ab 13.82+1.11 ab 259.704+27.47 be 276.64+9.28 d 4.28+0.26 de
B1 35.70+1.56 be 13.45+0.71 ab 263.20+12.26 be 302.16+6.33 abc 5.07+0.09 cd
B2 37.90+0.97 b 14.31+0.92 a 237.10+22.85 bed 281.284+3.56 cd 5.20+0.41 cd
B3 38.62+0.97 ab 11.23£1.27 be 229.20+21.66 bed 307.00+12.22 ab 4.90+0.43 cd
Cl 35.11+0.84 ¢ 13.33+1.23 ab 361.11£29.12 a 322.164+6.08 a 7.93+0.66 a

C2 39.79+0.81 ab 12.68+0.86 abc 279.77+13.57 b 294.1243.59 bed 6.62+0.28 b

C3 37.70+0.79 be 12.31+0.98 abc 242.10+11.39 bed 310.2947.36 ab 5.7840.29 be

VE : R B EE A R NG A RER R 22 7 B35 (P<<0.05),

Note: Different small letters in the same column indicate significant difference at P<<0.05 level. The same below.
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Heat map of correlation of photosynthetic indexes of apple trees under different foliar fertilizers treatments
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Table 3 Characteristic vectors of the speciation of

photosynthetic indexes of Xiangfu apple under different

foliar fertilizers treatments

HEER J%4) Constituents

Photosynthetic indicators 1 2 3
SPAD -0.032 0.927 0.155
HOLH AR 0.479 0.623  —0.369
Net photosynthetic rate

AALFE 0.937 0.215 0.133
Stomatal conductance

JifL ] COL M 0.155 0.057 0.945
Intercellular CO, concentration

2R AR 0.957 -0.064 0.087

Rate of transpiration
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Table 4 Comprehensive scores and ranking results of
photosynthesis indexes of Xiangfu apple in different foliar

fertilizer treatments

i Fl1 F2 F3 éﬁi;ifensive iy
Treatment score Rank
CK -0.384 -0.959 -1.064 -0.718 9
Al -0.288 1.205 0.346 0.306 2
A2 -0.342 1.208 -0.798 0.003 6
A3 -0.024 0.824 0.182 0.275 3
Bl 0.227 -0.395 -1.083 -0.275 8
B2 -0.301 —0.348 0.510 -0.117 7
B3 1.753 -0.168 0.893 0.979 1
Cl1 0.755 -0.386 -0.190 0.189 4
C2 0.146 -0.186 0.491 0.133 5
C3 -1.543 -0.795 0.712 -0.774 10

A3 Kb BETE 3G 0 H A R ST AR PRy TH AR 58
W R RIAF 196.78 g, 1 CK #2117 32.43%; #
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JEE 1A T v B SR R T e AR IR (B AL B R
PR E RIS ETHE RS . 20 b
R AE KT CK, 3 W 8 it - 10 AE 1+ S 5 i
Ko RILIRECN0.8~0.9 KR 5 1E, HAEZ A
IR BREY, At &5 B n] A, i & B R TE R A R
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Table 5 Effect of foliar fertilizer spraying on the external quality of fruits

e F% qﬁ%fﬁ% %%*ﬁﬁé %;Lf}}\{é 4 %ﬁ_ﬁ?‘é%ﬂt SNy PN SRSl
Treatment Yield/ } Single fruit F.rult transverse F.I'U.lt longitudinal Frult shape Cpre transverse Core ratio Hardnesj/
(kg-plant’)  mass/g diameter/mm diameter/mm index diameter/mm (kg em™)
CK 18.43+0.57b  148.14+4.30cd  68.16+0.53 be 61.53+0.61 ¢ 0.90+0.01 b 34.45+0.74 b 0.51+0.01b 11.50+0.48 a
Al 18.18+0.91b  157.48+5.05¢ 70.00+£0.70 b 61.03+0.62 ¢ 0.87+£0.01 ¢ 32.42+0.86bc  0.46+0.01 ¢  10.68+0.24 a
A2 19.08+1.85b 171.41+3.63 bc  72.02+0.53 ab 64.20+0.89 be 0.89+0.01 bc  32.69+0.69 bc  0.45+0.01 ¢ 9.58+0.25b
A3 19.57+2.82b  196.78+9.01 a 74.58+0.59 a 69.59+0.91 a 0.93+0.01a  32.13+0.56 ¢ 0.43£0.01 cd 8.41+0.13 ¢
Bl 30.11+4.19a  178.75+4.24 b 73.51+0.32 ab 63.53+0.57 be 0.86+0.01 ¢ 40.95+0.84 a 0.56+0.01a  9.06+0.38 be
B2 23.86+2.00 ab 186.36+4.50 ab  74.32+0.50 a 65.53+0.59 b 0.88+0.01 bc  31.45+1.07 ¢ 0.42+0.01 cd  9.04+0.21 be
B3 26.25+0.78 ab 183.00+£10.94 ab  73.66+0.96 ab 62.98+0.93 be 0.86+0.01 ¢ 30.27+1.23 ¢ 0.41+£0.02d  8.68+0.17 ¢
Cl 27.07+1.26a 167.0944.45bc  71.56£1.10 ab 63.46+1.25 be 0.80+0.01d  29.36+0.55¢ 0.41+0.01d  8.75+0.21 ¢
C2 18.05+0.10 b 171.99+6.21 bc ~ 70.42+0.66 b 64.24+0.60 be 0.91+0.01 ab  34.50+0.32 b 0.49+0.01 bec 10.58+0.33 a
C3 29.43+2.13a 177.51+6.38 b 66.44+3.16 ¢ 59.23+2.73 ¢ 0.89+0.01 bc  31.70+0.79 ¢ 0.50+0.03 bc  9.53+0.14 b




32 3 L)

S 4

43 %

N BRARSL O ELER, AT i B S 0 AR o L, 42
TH SR M AR IG R UF N, bR B1 AL Ak, HoAth
T AR AL HE I B AR 7 RO L2, A3.B2.B3 A1 C1 4b
H RO RN, AR 2 5. AR AL B AT
FAAR R SR, CK 5 A1 .C2 hb 3 2 [A) TE .3 22 5
222 ct@miest RENESRRGR R AR

TR RN A EE R bR —, AT
PERE A e R AR R C RS, R 6 il A, i
T R AT DA % 3 AR AR SR S M i o R 7 i, 2 v A R L
FERCETEMIBEMERESE. ZREZFKTHS
B3 SR E 5 FHARIR 25 T Hn, B C3 Ab 34k, R
bR ISR A AT S A BUR I RR e . AL T
DA ey e SR S T I R & B A AR AL B R

P BB 7R CIA I T AR I B Y& & 5
FR AN 12.96% . 7] 3 E R & & DL CK(0.79%)
5 1715 A3 C3 AL R 0] 3 8 R 1 5 (0.22% ) I, 1t
Jit - T AR e A PR SR SRR T . [T R bLAE i K
SRR BARE B IR A B AR A , 22 B0 T A Ak 3 hT st R
SRR, $R R EL . A3 AL 3R [ R L (70.81) £
KB CK18.80) #2175 1 73.45%, M AEALEE R 44
RCEHEEERIEP<0.05,CIAF R4 ERCE
H(4.12 mg-100 gD, A3 AL FE(4.03 mg- 100 g
RZ o TTIETENE B B2 VA SR 2 XU it ol 1) o 4
Fro AAEALFE (A ALIED N Al S MR S B35 b TR
K BE AR AR BE (B AR B T B A IR B B T v, ATV
WS BB T T B 5 AT AR AL B (C AR BE) R Bt 25 K FE 1)

ATV & B LT CK. A3 Ab TR AT v 4 [
FW & (15.46%) B i, 8 A1.B1ALERAL, 5 HAd AL

T, R TERE & B 2 BT R N @S . 1
T AEAREE A Bl e RS S HE A, ol RS ot

6 MHEhtE AR RSLAERRAFE

Table 6 Effect of foliar fertilizer application on fruit internal quality

ab g wCRIEVERBED wCAIi E ) [ 7% LL w i EF O wCAT IR
Treatment Soluble solids content/%  Titratable acid content/%  Solid acid ratio ~ Vitamin C content/(mg-100 g')  Soluble sugar content/%
CK 14.70£0.11 be 0.79+0.03 a 18.80+0.74 d 2.26+0.03 b 2.77+£0.25 ¢

Al 14.94+0.09 ab 0.38£0.01 b 39.25+0.69 ¢ 2.40+0.05 b 10.26+0.10 ab

A2 14.84+0.39 b 0.28+0.01 d 53.79+2.56 bc  3.09+0.19 ab 10.42+0.15 a

A3 15.46+0.16 a 0.22+0.01 e 70.81£2.61 a 4.03+1.07 a 10.36+£0.20 a

Bl 14.87+0.13 ab 0.24+0.01 de 69.28+3.62ab  3.27+0.20 ab 10.10+0.21 ab

B2 14.78+0.17 b 0.33+0.02 ¢ 47.66+2.84 ¢ 3.88+0.11 a 9.67+0.45 b

B3 13.34+0.34 cd 0.25+0.01 de 56.93£3.50 b 3.86+0.09 a 9.64+0.05 b

Cl 13.91+0.13 ¢ 0.26+0.01 d 543143.97bc  4.12+0.11 a 9.68+0.14 b

C2 14.43+0.19 be 0.25+0.01 de 59.08+3.96 b 3.68+0.06 a 10.40+0.24 a

C3 12.96+0.14 d 0.22+0.01 e 60.71+2.94 b 3.49£0.17 a 9.47+0.24 b
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Fig. 2 Heat map of the correlation of Xiangfu apple fruits quality under different foliar fertilizers treatments

R7 TREIMERBLETHERRELEFIEFARUSHERE
Table 7 Characteristic vectors of the specification of quality indicators of apple fruits under different foliar

fertilizers treatments

S S TR bR > [H°F Common divisor

Fruit quality indicators Fl F2 F3 F4 F5 Fé6
7 Yield 0.328 0.044 -0.087 -0.793 0.083 -0.151
HLB T i Single fruit mass 0.565 -0.148 0.536 -0.158 -0.018 -0.284
HSLHAE Fruit transverse diameter 0.471 -0.322 0.280 -0.204 0.663 -0.191
FSZYME Fruit longitudinal diameter 0.235 -0.178 0.849 0.128 0.358 -0.097
RILFEEL Fruit shape index 0.214 0.112 0.815 0.391 -0.238 0.079
FLOi4% Core transverse diameter 0.077 0.976 -0.006 -0.002 0.119 0.032
S Core ratio 0.238 0.946 -0.093 0.073 -0.130 0.117
T )% Hardness 0.071 0.107 -0.058 0.044 -0.133 0.969
AP T4 & Soluble solids content 0.111 0.097 0.179 0.864 0.162 -0.064
A] 7 % i & & Titratable acid content 0.949 0.155 -0.015 0.177 0.071 0.044
2Lt Solid-acid ratio 0.840 -0.145 0.200 -0.196 0.087 -0.013
4E4E 2 C ¥ & Vitamin C content 0.427 -0.248 0.080 -0.298 -0.715 0.137
AR MRS 5 B Soluble sugar content 0.905 -0.069 -0.099 0.158 -0.016 -0.048
PR o B [ R LRI P It bl 2 B2 s Ry 2 3 FIFH SPSS a3 4347, 1 & LR 545
AL O RO R F R 3 F B SLN FFATHET . AR 8 AT, AN IR AE AL B R e E

BRI FR B B T s 4 F B R ] M [ SE bR TR AR B HEF N A3>BI>C2>A2>A1>
& B TR S FE R Rkt 4R C C1>C3>B3>B2>CK,A3.B1 M- [ I w5 it &b 5 G
GRS 6 R S A R 3 R RS
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Table 8 Comprehensive scores and ranking results of quality indexes of apple fruits in different foliar fertilizer treatments

b gz pE s
oy Fl F2 F3 F4 F5 F6 BERT i
Treatment Comprehensive score Rank
CK -2.716 0.334 0.297 -0.029 0.364 0.274 -0.557 10

Al -0.121 0.257 -1.007 1.049 0.403 0.303 0.086 5

A2 0.211 -0.055 -0.412 1.504 -0.112 -0.967 0.113 4

A3 0.699 -0.328 1.666 0.643 1.059 0.035 0.628 1

Bl 0.803 1.569 -0.259 -0.600 1.228 -0.245 0.500 2

B2 -0.145 -1.459 0.301 -0.054 -0.240 -0.801 -0.377 9

B3 0.446 -0.517 -0.408 -1.031 -0.408 -0.238 -0.256 8

C1 0.096 -0.637 -0.145 -0.533 -0.391 0.782 -0.161 6

Cc2 0.475 0.653 -0.045 0.526 -1.451 1.028 0.282 3

C3 0.253 0.182 0.012 -1.476 -0.454 -0.171 -0.183 7
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