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Effect of water soluble alginic acid fertilizer on the growth, yield and
quality of pear
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Abstract: [Objective]lEffects of water soluble alginic acid fertilizer on the growth and fruit quality of
pear were investigated in order to reduce the use of chemical fertilizers. [Methods] ‘ Whangkeumbae’
and ‘Suli’ pears were used as the materials for the experiment, which was performed in the villages of
Liuhudong, Erqi district, Zhengzhou and in the villages of Yuzhuangzhai, Ningling county, Shangqiu.
There were five treatments in the experiment, including the conventional fertilization treatment [NPK
(C)], traditional water soluble fertilizer treatment [NPK (F)] with equivalent NPK, alginic acid water so-
lution treatment with equivalent NPK [NPK(HF)], alginic acid solution with 25% reduction in NPK,
and alginic acid solution with 50% reduction in NPK. All the treatments were with three randomly ar-
ranged replicates. In [NPK (C)] treatment, the total annual doses of N, P and K were 270 kg - hm™, 120
kg -hm”and 270 kg - hm™ respectively in ‘ Whangkeumbae’ orchard, and 337.5 kg - hm™, 150 kg - hm™
and 337.5 kg - hm™ respectively in ‘Suli’ orchard. In all the treatments, the fertilizers were applied dur-
ing sprouting stage (March 20; March 25), the first fruit expanding stage (May 20; May 25), and the sec-
ond fruit expanding stage (July 20; July 25), with 40%, 35% and 20% of total fertilizer application re-
spectively in both ‘ Whangkeumbae’ and ‘Suli” pear orchards. [Results]1The treatment of 3/4NPK(HF)
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had a leaf area 19.55% and 11.65% larger, a sugar acid ratio 27.87% and 7.67% higher, a N nutrition
content in 19.56% and 6.08% greater, and stone cells 42.85% and 42.85% less than NPK(C) and NPK
(F) treatments, respectively in ‘ Whangkeumbae’ orchards. The fruit weight under 3/4ANPK(HF) and 1/
2NPK(HF) treatments was decreased significantly by 23.41% and 17.14%, respectively, compared with
NPK(HF) treatment. However, there were no significant differences in the growth and quality (except
for mean fruit weight) among alginic acid treatments. In addition, the treatment of 3/4ANPK(HF) had no
significant effect on the N, P and K nutrient uptake in fruit and leaves, but the N content in the leaves in
1/2NPK(HF) treatment was significantly decreased by 17.27% compared with NPK (HF) treatment. In
‘Suli’ pear orchard, the shoot length, hundred leaf fresh weight, soluble sugar and TSS contents under
NPK(HF) treatment were 12.47%, 12.99%, 5.20% and 8.72% higher respectively compared with NPK
(C) treatment. However, there was no significant difference in fruit nutrient contents between NPK(C)
and NPK(HF) treatments. Moreover, the reductions in dose of alginic acid fertilizers had no significant
effect on pear growth and yield (except for the shoot). Interestingly, leaf N nutrient content was signifi-
cantly increased by 3/4NPK(HF) and 1/2NPK(HF) treatments, while soluble sugar and N contents in
the fruit were decreased, especially for 1/2NPK(HF) treatment. Furthermore, correlation analysis
showed that the quantity of alginic acid application was significantly negatively correlated with PEP,
but significantly positively correlated with shoot length, fruit soluble sugar, TSS and N nutrient con-
tents, indicating that the quality and N nutrient uptake of ‘Suli’ pear depended on the doses of fertilizer
applied. Fertigation management increased the economic profits in pear orchard under the same fertiliz-
er dosage. In comparison with NPK (HF) treatment, the economic profits under 3/4ANPK(HF) and 1/
2NPK(HF) treatments increased by 735 Yuan - hm™and 4 135.2 Yuan - hm* respectively for ‘Whang-
keumbae’ orchard, and 398 Yuan /hm’ and 3 936.1 Yuan - hm'* respectively for ‘Suli’ pear orchards.
[Conclusion] The water soluble alginic acid fertilizer increased growth and quality of pears, and re-
duced manpower. Additionally, there was no significant decrease in the fruit quality and yield if the dos-
age of alginic acid was reduced. Among all the treatments examined, the optimal fertilizer treatment
was 3/4NPK(HF).
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Table 1 Basic situation of pear tree growth in trail

W T - jif 4% Crown diameter/cm R
o = & o I {
(”:” T’J }ll"rgeeh , Tree pole Tree pole EN (2Bl Nfu mber j?ﬁ/ h 1]9:@%‘ h

ultivar eight height/em  perimeter/cm East-west North-south (}; ma}lln ree shape ree growt

cm direction direction ranches
W 204.7 349 34.9 215.35 204.05 3.6 FEFHEE s
Whangkeumbae Delay-open central leader shape Medium level
kAL Suli 472 55.4 58.8 395.2 412 10 Pk 312 o

Spindle shape Medium level

7.13, PPN 2 1 40% 35% F1 25% . 1R 36 H NPK (C) 4b

1.2 Rt

Pk A2 A TE BB — B AR AR D9 i 58
Blo w335 S AN b, AN EE 3 I E B, B A Bl
BUHES oAb 3823 5] 9 - NPK i AIE L 45 8 NPK 1%
20 7K ¥ L 55 B NPK I 8 R 7K 345 IE W NPK 9k it 25%
{100 ¥ T TR 7K I W NPKC Il it 50% 1) ¥ 358 2 7K JE
T J7 R L4y 9] i 46 28 NPK(C) \NPK.(F)
NPK (HF) . 3/4NPK (HF) I 1/2NPK(HF), & i NPK
(C) Jite B 525 &5 A AR A 2 A [l [X 1 e A >3 158 0 7= =
SE KB b X A AF ZUBS BTN 733 270 kg hm ™
120 kg-hm™H1270 kg - hm™, T [% [ [X 4 4F % ik 40
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Table 2 Effects of different treatments on pear growth and yield

i st 5 Fb HER TS L S

Cultivar Treatment Shoot length/cm  Leaf area/cm’ Hundred leaf fresh weight/g  Mean fruit mass/g . index Yield/(kg*hm?)

W4 NPK(C) 71.70 a 46.40 ¢ 114.67 b 236.83 b 0.87 a 51990.30 a

Whangkeumbae NPK(F) 73.74 a 49.68 be 137.03 a 288.02 a 0.88 a 51562.05a
NPK(HF) 85.80a 52.96 ab 128.24 ab 290.00 a 0.88 a 47909.25a
3/4ANPK(HF) 7593 a 5547 a 125.52 ab 222.17b 0.88 a 5145120 a
1/2NPK(HF) 7854 a 46.56 ¢ 127.16 ab 240.30 b 0.87 a 49 432.65a

Tk A4 NPK(C) 52.38b 3747 a 81.78 b 368.33 a 0.88b 92 345.70 ab

Suli NPK(F) 55.11b 3741 a 88.05 ab 365.00 a 0.89b 82943.25b
NPK(HF) 5891 a 39.61a 92.37a 388.50 a 0.89 ab 101 415.30 ab
3/4 NPK(HF) 55.40b 3946 a 93.81a 356.33 a 093 a 84 463.95b
1/2NPK(HF) 54.71b 37.51a 90.64 ab 371.00 a 0.91 ab 119 891.25a

RPN FREORA BN Z 7R (p < 0.05), Rl

Note: The different small letters indicate significant difference at p << 0.05. The same below.
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FRAR LY, < 54 ” ALNPK (HF) &b ¥ 5L 552 7 4 i A0 A 725
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Table 3 Effects of different treatments on fruit quality of pears
iR posiil w(ATEMERD  wATER WL wCATVAEYERE wCR gD SRsehs g wlEEZR O
Cultivar Treatment Soluble sugar/% Titratable acid/% Sugar acid ratio JE4)TSS/% Stone cell/% Hardness/(kg-cm®) Ve/(mg-100g")
e NPK(C) 6.78 b 0.15a 4797 a 13.96 a 0.07 a 2.70 a 340a
Whangkeumbae NPK (F) 825a 0.15a 56.97 a 14.12 a 0.07 a 248 ¢ 3.02a
NPK (HF) 7.63 ab 0.14a 5573 a 1424 a 0.04 b 2.56 bc 428 a
3/4 NPK(HF) 8.19a 0.14 a 61.34a 14.05a 0.04 b 2.52 be 334a
1/2NPK(HF) 7.81a 0.14a 5844 a 1348 a 0.04 b 2.59b 327a
ik NPK(C) 5.79 ab 0.09 a 65.03 a 10.32b 0.60 a 2.46 a 7.80 a
Suli NPK(F) 5.41 be 0.08 a 6432 a 11.03 ab 0.59 a 2.20 ab 7.55a
NPK(HF) 6.09 a 0.09 a 67.38 a 1122 a 0.52a 2.20 ab 7.68 a
3/4 NPK(HF) 6.08 a 0.09 a 5844 a 10.63 ab 0.59 a 2.13b 8.05a
1/2 NPK(HF) 529¢ 0.10a 66.32 a 10.55 ab 0.70 a 2.22 ab 7.80 a
25.00 r ONPK(C) N 25.00 e c Caba ONPK(C) .
aa CINPK(F) < = CINPK(F)
% 2000 | a CINPK(HF) s 20.00 EINPK(HF)
5. b = b 4 @ R [ 3/4 NPK(HF)
RE™ 1500 | NPK(HF) $ £ 2 1500 ¢ W /2 NPK(HF)
g W |/2 NPK(HF) tes
TE3 o =22 1000
£ 8¢ 1000 | abab @ hab 55 aaapp
=50 B
1 =}
E L Z. 5.00 -
2 5.00 aaphphb aba b abab
0.00 [T 0.00 T .
e B LE AT BRI #3RIr
N nutrition P nutrition K nutrition N nutrition P nutrition K nutrition
14.00 NPK(C)
= a © COINPK(C) b
_ 1200 | ONPK(F) - ab 12.00 CINPK(F) a_ ad,
NPK(HF —
g 10.00 ENPR(HE) I 10,00 | [ NPK(HF) =
~Ea @ 3/4 NPK(HF) g | 3/4 NPK(HF)
KE= goo ~ §7, 800 |
g o m 1/2 NPK(HF) K £ | 1/2 NPK(HF)
®53 ° o 2 £600 7
FEE 400 | aa B 2E
g aa a apppb §S§4m)’maa a
5 2% _chc aaa®a
Z 200 | r = 200 |
’ (T
0.00 L 0.00 L |
BIRo IR 5y IRy e 34y EETYAN
N nutrition P nutrition K nutrition N nutrition P nutrition K nutrition

A I C 3" 3B #1 D A BRAL
A and C show results of ‘ Whangkeumbae’; B and D show results of ‘Suli’.
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Fig. 1 Effect of different treatments on nutrient contents in the leaves and fruits of pears in different orchards
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BRAL Suli
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Fig. 2 Effect of different treatments on partial factor productivity (PFP)
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Fig. 3 PCA chart of different treatments
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M5 4 A2 77 7738 W 2 3 0RE 587K F (7=-0.955")
TE TERAL” [l [X i 5 18 7K 785 A it FH o 5 8T Y T v
Wy 2z 18k W IE A % K P =0.8757, r=
0.873"), SRR L AR S EZ A2 W #H
1EAHR (=0.775",0.700") , (H 5 7 535 4 & = AA
W .3 47 R 6 7K F (—0.8277,-0.895™) , 7 B i /b 78
1% 7K ¥ BB it B 9 = T A R A 2R 7 D, (R BRI
TRUR GRS B ERERL RS w1 B )

F4 BERBEKREERESHRMKE. RRNFD R Z B BIHE K E)
Table 4 The correlations between quantity of alginic acid fertilizer applied and shoot growth, fruit quality

and nutrient uptake in pears

it i B AV PERE AV RS YerEE C AR RILEEE (]
Cultivar Shoot Soluble sugar  TSS Ve N content of leave N content of fruit PEP

74 Whangkeumbae  0.524 -0.140 -0.212 0.76* 0.796* 0.581 —0.955%*
kAL Suli 0.875%* 0.775 0.873** -0.149 —0.827%* 0.700* —0.895%*

HE:*a=0.05; **a¢=0.01.

Note: *indicates o = 0. 05; ** indicates a = 0. 01.

THI SR, oA, DR R ol it 1 g 2 o Ak WAL 2 11 0 ik
Ko HNPKOFHEY, AHAN TR X KA N T3S
TS 732 1 080 Yuan - hm 1720 Yuan - hm?, 24 ¢
Bl & 98K 25% F1 50% 5, 3/4NPK (HF) Fil 1/2NPK
(HF) Ab P2 %5 NPK (HF ) 4b 25 75 45 0 S [l 38 e 43 531
4735 Yuan-hm™>F14 135.2 Yuan-hm, 7E 7* % 5 [l 14
e 39329 398 Yuan-hm?#13 936.1 Yuan*hm?,

DIDIRCRG oy
2.6 AEANIE N B [E A =42 5 3 B ST
R 225 et BHER RBIRAR MV S A i A
6 5 5 R R M AT B2 el X T 345 B K IR 2, A 5
TR AR AL 22 G A . AR 5 T AR K
P B A SEF AT DAAE 24> SR e 0 28 5 A k) 2
S v o SR Il 28 5 Rk v B L T AN R Ty
RS KRB IRLANIE RS R =42 S R B R0

Table 5 The economic profit of fertigation used in pear production compared with conventional fertilization [NPK(C)]

PRI AR e ESE TS I ON PR T8 e N Yl e:
A yopil Increment of profit Increment of profit due Increment of profit due Total increment of
Cultivar Treatment due to fertilizer to production increment / to by manpower reduction/ economic profits/
reduction/(Yuan-hm?) (Yuan*hm?) (Yuan*hm?) (Yuan-hm™)
W4 NPK(F) 0.0 -398.4 900.0 402.0
Whangkeumbae ~ NPK(HF) 0.0 -655.2 900.0 81.0
3/4 NPK(HF) 1887.8 -1692.0 900.0 879.1
1/2 NPK(HF) 37714 652.8 900.0 5899.4
[ NPK(F) 0.0 -564.6 720.0 -126.9
Suli NPK(HF) 0.0 544.2 720.0 1536.3
3/4 NPK(HF) 1887.8 -473.4 720.0 2104.0
1/2 NPK(HF) 3771.4 1652.4 720.0 7382.0

VE B AR B IS 3 I, N P.Os A KO 75 70 i 43 il 4% 4.3 Yuan-kg'.7.6 Yuan-kg' F1 9.1 Yuan-kg'o THEZLHE P (e as i), 244424
TS N FEAE TS, BRI B &AL 4 Yuan kg, FRALN#E N 2 Yuan-ke's THEE TR, 4K — LB AL AT 9 AT -hm?,
PR T RO M S AL X 120 Jo- T, T BE IR X 80 Jo- T

Note: The saved fertilizer amount is also different. The prices of 4.3 Yuan-kg" for N, 7.6 Yuan-kg" for P,Os and 9.1 Yuan-kg" for K,O were used to
calculate the economical benefits enhancement caused by fertilizer reduction. The Whangkeumbae and Suli price of 4.0 Yuan-kg' and 2.0 Yuan- kg
respectively was used to calculate the economical benefits enhancement caused by production increase according to the local market price. According
to the survey, the fertigation can save 9 workers - hm™ within a year, the labor price of 120 Yuan - work™' and 80 Yuan - work™' respectively in Zheng-

zhou Whangkeumbae and Ningling Suli orchards was used to calculate the economical benefits enhancement caused by manpower reduction.
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