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Low molecular weight organic acid water-soluble fertilizer improves leaf

photosynthesis, nutrient absorption and fruit quality of pear

SHAO Wei"?, XU Guoyi', YU Huili', GAO Dengtao', LIU Yuan', SI Peng"
('Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences, Zhengzhou 450009, Henan, China; *College of Forest-
ry, Henan Agricultural University, Zhengzhou 450002, Henan, China)

Abstract: [Objective] Excessive application of chemical fertilizers for high yield causes problems
such as soil compaction, acidification, and salinization in the orchard, leading to nutrient imbalance of
fruit trees and decline of fruit yield and quality. With the upgrading of the fruit industry and the urgent
requirements for fruit quality and efficiency, more reasonable fertilization regimes have been developed
through the development of new types of fertilizers for fruit trees and the other achievements for soil
health. Low molecular weight organic acids (LMWOAs), are involved in the transportation of carbon
and reducing power between the cytoplasm and organelles, and are the linkers of multiple metabolic

pathways in cells. Moreover, LMWOAs have strong chelating power and can form complexes with vari-
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ous metal ions to increase the absorption of metal ions by plants. The study aimed to detect the effects
of LMWOAEs in fertilizers on the growth and fruit quality in pear through evaluating pear leaf photosyn-
thesis, nutrient absorption and fruit quality. We explored the potential of LMWOAS as a synergist for in-
creasing the efficiency of pear fertilizers, and then determined the kind of best organic acid(s) and its op-
timal concentration as a synergist for fruit trees, in order to develop a new type of special water-soluble
fertilizer for pears industry.[Methods] Hongbaoshi pear trees were used as experimental materials, 5%
and 10% malic acid (LM and HM), citric acid (LC and HC), and oxalic acid (LO and HO) combined
with NPK fertilizers were set as treatments, NPK fertilizer without additive organic acid was used as
control to determine the effects of different organic acids on fruit leaf growth and photosynthetic param-
eters, nutrient absorption and fruit quality. [Results] Compared with the control, the LMWOAs in-
creased the content of chlorophyll II, and LC and HC significantly increased it by 7% and 16.6% , re-
spectively. The LMWOAs increased the P. (net photosynthetic rate) and WUE (water use efficiency)
value. While the LO and HO increased the P, values by 47.86% and 57.79%, and increased the WUE
value by 92.63% and 127.92%, respectively. Furthermore, the leaf function score table showed that or-
ganic acid treatments could significantly improve the leaf function of pear leaves. The comprehensive
scores were: oxalic acid> citric acid> malic acid. The LM, HM, LC and LO significantly increased the
yield of pear and the LM increased the yield by 39.25% The coloring indexes of the peels showed that
the LM significantly decreased the H° value, increased the C value, and improved fruit coloring. The
HM reduced the fruit coloring. The HM, LC and HO treatments increased the fruit firmness by 9.77%,
11.40% and 12.33%]1. The LM, LC and HO treatments significantly increased the total soluble sugar
content of the fruits, and the highest value was obtained by the LM (22.98% higher than that of the con-
trol). The sugar-acid ratio of the LM was 18.61% higher than that of the control and 38.15% higher than
that of the HC. The fruit quality scores showed that the score of the LM was the highest, while the score
of the oxalic acid (LO and HO) was the lowest. The concentration of malic acid had a greater impact on
fruit quality ranking. The nitrogen content in the leaves was significantly reduced by the LC. The nitro-
gen content in the leaves of the HC was significantly higher than those of the LO, HO and LC, while
there was no significant difference between other treatments and the control. There was no significant
difference in the N content of the fruits between the treatments and the control, and the N contents of
the fruits of the LM, LO and HO were significantly lower than that of the HM. However, the P and K
contents were both higher than those of the control, and the K content in the leaves and the fruits of the
LM was significantly higher than that of the control. [Conclusion] The leaf function and fruit quality
were significantly improved by malic acid, citric acid and oxalic acid. Among them, 5% and 10% oxalic
acid had a better effect on promoting leaf function growth, and 5% malic acid had the best effect on im-
proving fruit properties.

Key words: Hongbaoshi pear; Low molecular weight organic acid; Leaf photosynthesis; Nutrient ab-

sorption; Fruit quality; Peel color difference
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Table 1 Leafindexes of Hongbaoshi pear with

different LMWOASs
fb g MER RS R M R E TR
Treatment Chlorophyll  Leaf Hundredl leaf Hundrgd leaf
content area/cm’ fresh weight/g  dry weight/g

payict 22414030 ¢ 42.55+0.80 ab 117.39+2.29 a 47.84+0.99 a
Control
LM 22.79+0.48 ¢ 43.47+1.13ab 116.92+1.20a 47.00+0.75 a
HM 24.25+0.44b 43.97£0.98 ab 119.74£3.90 a 48.44+0.99 a
LC 24.00£0.39b 44.47+1.00a 122.68+4.97 a 50.50+1.83 a
HC 26.13£0.36 a  42.56+£0.76 ab 116.01+£3.57a 48.91+1.52a
LO 24.52+0.45b 41.19£0.80b 116.12£5.46a 48.62+1.90 a
HO 23.53+0.37 bc 43.92+0.70 ab 112.29+5.95a 48.05+£2.90 a

W« 7] — BV JE AN R/ S BER R AR B ) 22 5k 0.05 k35K

o R

Note: Different small letters indicate significant differences at p <
0.05. The same below.
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Different small letters indicate significant difference at p << 0.05. The same below.
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Fig. 2 Macronutrient concentrations of Hongbaoshi pear leaf with different LMWOAs
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Table 2 Comprehensive PCA results of the effects of
different LMWOA s application onthegrowth, nutrients and
photosynthesisof Hongbaoshi pear leaf

TR 114> FRR 24350 TR 3445 LR OY

A Principal Principal Principal Compr- HE%
Treatment component ~ component — component  ehensive Rank
score 1 score 2 score 3 score
X HE -2.02 -1.50 -0.47 -0.84 7

Control

LM -1.42 -2.21 -0.38 -0.83 6
HM -0.85 0.49 0.34 -0.05 5
LC -1.60 3.35 -0.65 0.23 4
HC 1.08 -0.22 1.62 0.44 3
LO 1.50 0.28 1.48 0.62 1
HO 3.30 -0.18 -1.89 0.45 2

R BRI FE €, B LMWOASs Ab T 13 i 253t 5 e
FH ., IS LMWOAs Kb FEIR f7 5 (G e bn R B,
LM Ab B 1) HOfE 2 2K T HAR AL EE, CH B & & T
HoAh Ab B, B R 21 6075 a5 AR B K, B s, Lk
NHC 5 LO 4F ; 575 4h , HM AbBE/E LMWOAS Ab #
W i AN BEAR, 1K 2% B 5% 3% SR (LMD Ab B A5 F|
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Table 4 Effects of different LMWOASs on fruit color of

2.2 AEILMWOAs 3 FL R 3 F R AE AR

ANF LMWOAs 4B~ RLH BT & 77 8 SR TR
TeH & 3 Fn . LMWOASs 4b 3 A8 % B 548 s 40
EAMPREE, K RELAHE(OM 5 HM
LC Kb 525 v T, 23701 8 K 20.62%.24.54% %
19.30%. [AF, SERERACF (LM 5 HMD K& &1
FFREIR (LC) AL 5 B[R (LO) AbFE R 2 $2 / 1 BL 7
&, Hoh LM A3 7 5, O R 195 39.25%. T
BASTA LMWOAS Ab 36 5 $8 5501 52 i iR B
5%3F TR 5 5% (LM 5 LO) AL FL 4 AS R iy
SCFRH, 1T 10% 55 IR 5 FLIRR ) e 0 2 B AL (1)
RICFaE.

AN LMWOASs Kb 2R S S5 48 b8 WK 4, &L
R4, S5xF AL, LMWOASs kb HE 845 i 2% B4
R R I LA 5 (5 )% A HOfl, [E] I 3 1 2R
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Table 3 Effects of different LMWOASs on fruit weight,
yield and fruit shape index of Hongbaoshi pear

Hongbaoshi pear
Ab R A ORI L A
Treatment L C H°
XFHE Control  28.26+0.48 a 30.50+0.85 ¢ 27.15+0.27 a
LM 25.33+0.20 d 33.19+0.38 a 18.35+0.33 f
HM 26.74+0.28 b 31.2240.43 be 23.31+0.29 b
LC 25.92+0.26 bed 32.00+0.46 abc  20.98+0.28 d
HC 25.79+0.21 cd 32.59+0.46 ab 20.18+0.18 ¢
LO 26.53+0.23 be 32.644+0.32 ab 20.78+0.32 de
HO 26.57+0.18 be 31.80+£0.40 abc ~ 22.08+0.18 ¢

s L P e
Treatment ~ Mean fruit mass/g ~ Yield /(t-hm?)  Fruit shape index
XFH Control 321.25+14.74¢  38.17+1.67d 1.38+0.01 ¢

LM 387.50+11.54ab  53.15+1.80a 1.3840.01 ¢

HM 400.00+9.23 a 45.34+1.31 be 1.41+0.01 b

LC 383.25+12.63ab  45.85+1.67 be 1.38+0.01 ¢

HC 371.75+11.54 abc  37.37+0.36 d 1.41£0.01 b

LO 354.75+18.58 abc  48.01+2.70 ab 1.4440.00 a

HO 342.25428.04bc  41.31+3.17 cd 1.41+0.01 b

AN[A LMWOAS 4b 38 B4 58 5 B FR An 3k S
Fior. 3 Fl LMWOASs &b 3w AL 5 siz 5 J53 (04 F &%
A —, 1 LMWOASs A (F: LM M) 532 iy 7 F 5L
(A, Hedh HMLLC 5 HO &b B 5 1R (2 25 32 7
9.77%11.40% }% 12.33%. LM.LC [ HO Ab ¥ n] i%
PEWE & B W E TR, Fod LM A B A =, B0 R
TF 11 22.98% . LM.LCHC % LO Ab# n] 5 4% [ 1
Y& ERE S T HAAH, b LM A B0 B2
5 18.04%. AR LMWOAsH T4 R CERYS
X TE i 2 22 5, 1 LM AL HE A HC AbFE B 2 R
49.77%. HC AbFRR AR AL TR B 253/ 1 S s2 b TA
B, P A IR R T 21.43% . LM AL FEAE R LL
F i T A A A0t R R 18.61%, B HC b
P2 1 38.15%

AN [ LMWOAS 4b 2 T 5 5z 5088 21 2 & WL &
5. A LMWOAs &b HE RS 5 & RO TG R
F x5, Hd LM.LO & HO 4 ¥ B K T HM Ak
. LM AL BE SR S o 2 B3 m T H AR AR 3, i
ol 1 5 25 4 7 9.59% , ¢ HO Ab HE 42 757 48.97% . FT
B (LCH HO B 5 HR AL # (LO 5 HO) BN
BT RS R . LMWOAS 5% 40 B i 5
= (FRLOAMD B B 48 &, 5 X AR I, HMLLC
5 HO &b 4 il & 3 42 % 53.17% « 39.75% K
43.10%.
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Table 5 Effects of different LMWOASs on fruit quality of pears
A3 T wCRVETERE) wCRTVEE [ TR w7 C) wCAIEERR)  HERRLL
Treatment  Firmness/(kg-cm®) Total soluble sugar/(mg-g') Soluble solids content/% Vitamin C/(mg-100 g") Titratable acid/% Sugar acid ratio
X Control 4.30+0.11 b 80.13£5.68 ¢ 13.03+0.07 ¢ 2.44+0.42 ab 0.42+0.03 b 31.32+£2.11b
LM 4.26+0.09 b 98.54+2.39 a 15.38+0.11 a 3.25+0.20 a 0.42+0.01 b 37.15+1.64 a
HM 4.7240.11 a 81.44+3.38 ¢ 13.07+0.09 ¢ 2.50+0.21 ab 0.45+0.01 b 29.31+0.30 be
LC 4.79+0.03 a 95.36+2.99 ab 13.48+0.08 b 2.53+0.31 ab 0.44+0.02 b 30.90+1.49 be
HC 4.514£0.16 ab 83.79+3.99 be 13.5240.17 b 2.17+£0.21 b 0.51+£0.02 a 26.89+1.17 ¢
LO 4.35+0.08 b 86.83+4.70 abc 13.38+0.08 b 2.38+0.15 ab 0.45+0.01 b 29.69+0.31 be
HO 4.83+0.15a 92.21+0.87 abc 12.99+0.05 ¢ 2.74+0.29 ab 0.42+0.02 b 30.71+£0.92 be

il 6 Z4 L3R 0 5 5T I E A AT TR
PEHLT 24 F A B — F 8 (PC1 R 95.2% , 5
ZES (PCNA.6%. FFEIRS S IRFE 5550 A 7
PC1 71 il sy , %of BR 5 3 SR R 1500 A 7E PC1 IE #l
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Table 6 Comprehensive PCA results of the effects of different LMWOAs application
on the fruit nutrients and quality of Hongbaoshi pear
e TR 115995 TR 21393 LRIy 315395 TR 415395 AN 4
Principal component Principal component Principal component Principal component Comprehensive
Treatment Rank
score 1 score 2 score 3 score 4 score
X H8 Control  -3.57 -3.08 0.26 -0.11 -2.44 7
LM 5.17 -1.70 0.45 0.09 2.32 1
HM -1.34 1.03 1.85 1.10 -0.03 4
LC 0.61 1.17 1.44 -0.24 0.76 2
HC -0.59 1.53 -1.13 1.26 0.00 3
LO 0.25 -0.06 -2.49 0.50 -0.22 5
HO -0.53 1.12 -0.37 -2.61 -0.39 6
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