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Abstract: [ObjectivelRosa roxburghii Tratt. is a characteristic fruit tree native to southwest China. Its
fruit is rich in Vc and other nutrients, and is a high- quality crude material for processing nutritious
foods. In recent years, the planting area of R. roxburghii in Guizhou increased to 150 000 hectares, and
most of the trees were planted in calcareous yellow soil with high Ca content and soil pH value in Karst
areas. Such soil conditions have extremely adverse effects on the growth, yield and quality of R. rox-
burghii due to low the availability of soil nutrients as a result of the strong immobilization of soil nutri-
ents by massive free CaCO:;. It is also difficult to improve soil nutrients by fertilization. Therefore, it is
an important problem to be solved urgently in production of R. roxburghii in calcareous yellow soil of
Karst areas. The effects of exogenous oxalic acid in improving the nutrient status of calcareous yellow
soil and trees of R. roxburghii as well as the yield and quality of fruit were explored in this study in or-
der to find a new technical solution for nutrition improvement as well as yield and quality improvement
in R. roxburghii in calcareous yellow soil in Karst areas. [Methods]Trees of R. roxburghii Tratt. ‘Gui-
nong 5’ planted in the calcareous yellow soil in Karst area of Southwest Guizhou were taken as materi-
als. The experiments were carried out for three consecutive years to study the effects of oxalic acid ap-

plication at different applied amounts (0 g, 5 g, 10 g and 15 g per plant) on the nutrient status of calcare-
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ous yellow soil and the leaf of R. roxburghii, as well as on fruit yield and quality. [Results]1The pH val-
ue and Ca content could be decreased greatly by the application of oxalic acid. The soil pH decreased
from 8.13 to 7.49, 6.93 and 6.54 by applying 5 g, 10 g and 15 g oxalic acid per plant, respectively, while
the content of exchangeable Ca decreased from 3 108.25 mg-kg™ to 2410.76 mg-kg", 1 906.39 mg-kg"',
and 1 353.88 mg - kg'', respectively. Compared with the control, the activities of urease, nitrate reduc-
tase, alkaline phosphatase, Fe’" reductase and protease in the soil were significantly higher; the contents
of available nutrient elements except for exchangeable Ca were also increased; the number of bacteria,
fungi, actinomycetes, azotobacters, inorganic phosphorus bacteria, organic phosphorus bacteria and po-
tassium bacteria increased as well. In the three treatments, application of 10 g oxalic acid per plant had
the highest contents of available N, P, K, Fe and B in the soil, highest activities of urease, nitrate reduc-
tase, alkaline phosphatase and Fe’* reductase, and maximum numbers of functional bacteria. With high-
er oxalic acid applied, the contents of exchangeable Mg and available Mn, Cu and Zn in the soil in-
creased. The contents of N, P, K, Mg, Fe, Mn, Cu, Zn and B in the leaves of R. roxburghii treated by ox-
alic acid were significantly higher than those in the control, and the treatment of 10 g oxalic acid per
plant had the highest contents of N, P, K, Fe, Zn and B in the leaves. With the increase in application
amount, Ca content in the leaves decreased significantly but Cu content increased dramatically. Fruit
set, single fruit weight, fruit yield per plant and contents of soluble solids, total soluble sugars, total ac-
ids and Vc in the fruit were also increased by applying oxalic acid. The highest yield and best quality
were obtained by the treatment of 10 g oxalic acid per plant. [Conclusion]The application of oxalic ac-
id could significantly improve the contents of available nutrients in the yellow calcareous soil in Karst
areas, and improve the microbial population structure in the soil, increase the activities of nutrient en-
zymes in the soil, and increase leaf nutrient and fruit yield and quality. In the experiment, applying 10 g
oxalic acid per plant proved to be the most effective in increasing the fruit yield and quality of R. rox-
burghii grown in the calcareous soil.
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Table 1 The contents of available nutrients in the soil of the experimental field (mg- kg")
BRI Ve WAEE e LA O QER S Rk ARG AR AR AR
Available Available  Available  Available Exchangeable Exchangeable Available  Available Available Available Available
nutrients N P K Ca Fe Mn Cu Zn B
Gl 46.02 4.05 24.35 3108.25 331.55 4.15 14.50 0.38 0.24 0.11

Numerical value
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Table 2 Effects of oxalic acid at different doses on pH of

the calcareous yellow soil planted with Rosa roxburghii

PR it
Applied amounts

I 5E B 7] Measured time

of oxalic acid/

B 2017-06 2018-06 2019-06
(g-plant")
0K R CKO 8.13x0.16 a(a) 8.17+0.15a(a)  8.10+£0.15 ala)
5 8.06+£0.15a(a) 7.94+0.13 aCab)  7.49+0.11 b(b)
10 7.53+0.14 b(a) 7.28+0.14 b(ab) 6.93+0.13 c(b)
15 7.02+0.13 c(a)  6.76+0.12 c(ab)  6.54+0.12 d(b)

T« AT ) 2 S A S O S R SN i s R b R 9 T BEAN IR R
TN AEAb B A] () 22 5 1 ) 2 2 7K (p < 0.05) , AT 45 5 N K - BEAS
[ 7R AN [FI A7 Th 1) 22 5 ik 31 8 2 7K (p < 0.05) .

Note: Different letters in a column indicated significant difference
between treatments at p < 0.05, different letters in brackets of a row in-
dicated significant difference between different years at p < 0.05, Dun-

can’s multiple range test.
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Table 3 Effects of oxalic acid at different doses on the available contents of nutrient elements in calcareous yellow soil

planted with Rosa roxburghii

TR wCE FEICHE A JUK ) Available contents of nutrient elements/(mg - kg")
Applied amounts et e L\ Iy o S
ic aci SR SR i ATHAEES SRR ARG AREE AR ARG %
of f)xahcrlamd/ 15;5;& Jixﬁ.lﬁ?i T iﬁﬁ Exchangeable Exchangeable Available Available Available Available f)&lﬁ EE)I
(g-plant™) Available N Available P Available K c vailable
a Mg Fe Mn Cu Zn
0CHHE CKO 45.43+ 4.01+ 23.95+ 3036.26+ 318.95+ 4.20+ 14.13+ 0.35+ 021+ 0.14+
1.61d 0.10d 1.22d 123.57 a 18.38d 0.13d 036d 001d 001d 0.00d
5 51.57+ 6.32+ 42.61+ 2410.76+ 368.16+ 9.23+ 18.33+ 443+ 0.88+ 0.25+
1.98 ¢ 0.15¢ 2.03¢ 135.98 b 20.14 ¢ 0.19b 0.37¢ 0.15¢  0.03¢ 0.0l ¢
10 76.72+ 20.30+ 83.88+ 1906.39+ 398.96+ 14.54+ 20.01+  12.61+ 1.74+ 0.59+
2.36a 0.34a 2.66 a 114.08 ¢ 22.65b 0.32a 0.44b  035b 0.05b 0.02a
15 67.35+ 16.94+ 64.30+ 1353.88+ 435.67+ 8.66+ 2461+ 2568+  2.15+ 0.39+
2.39b 0.40b 1.55b 99.07d 23.19a 0.22¢ 0.56 a 0.59a 0.07a 0.0lb

T < AL ) 22 S S B I s BT AR 2205, R P [FAT M REA R R 22 ik B R K (p < 0.05) . TR

Note: Different letters in a row indicated significance at p < 0.05 according to Duncan’s multiple range test. The same below.
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Table 4 Effects of oxalic acid at different doses on the nutrient enzyme activity in calcareous

yellow soil planted with Rosa roxburghii (mg-g")
HRIE o At THERIE SRSV IR RE R G 1 PRl SR s o AR
Applied amounts of oxalic acid/(g - plant") Urase activity NR activity ALP activity Fe''reductase activity ~ Protase activity
0Ok CKD 0.14+0.01 d 1.01£0.02d 3.78+0.1 d 0.98+0.02 d 0.2240.01 d
5 0.28+0.02 ¢ 1.35+0.04 ¢ 4.30+0.10 ¢ 1.41+0.05 ¢ 0.44+0.04 ¢
10 0.70+0.03 a 2.18+0.06 a 6.48+0.13 a 2.59+0.09 a 0.60+0.05 b
15 0.42+0.02 b 1.74+0.05 b 5.15+0.12 b 1.61+0.05 b 0.68+0.06 a

24 EHEAREANEWNRBRILAREEIERR
ey bk el

X il BTt A AR R N R S, L )
ARSI KA THERSE. £S5 8RN, 1E
X g A B A BB v T R AR T,
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o0 HER] ) 25 R as BB 2 KT (p < 0.05), H,

111 1 R L A P 00 R it N R PR D T3 K
LW LIRS g IR AR K. IR SIE]
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BT AR I R ] B B B R K TR, B
FERRIE T 10 g HRR AL EE, 3 b AR IC ML T RS
AR T A0 [ 20 R B i %, 5 00 RN LA i A Ak
PR A [ 22 08 21 12 2K P (p < 0.05) , B ik H PR i
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Table 5 Effects of oxalic acid at different doses on microbial population structure in calcareous yellow

soil planted with Rosa roxburghii (x10° CFU-g")
R it FH it 4l Functional bacteria
Applied amounts 2 5] LA TR WRTCH R4 AL A e R
of oxalic acid/ ~ Bacteria Fungi Actinomycetes  Inorganic phosphorus Organic phosphorus Potassium  Nitrogen
(g plant™) bacteria bacteria bacteria fixing bacteria
0CHHE CKO 10 584+432 d 14.66+0.50d  4.01+0.13 d 11.38+0.28 d 12.70+£0.24 d 6.16£0.29d 2.12+0.08 d
5 17 1454675 ¢ 110.40+4.43 ¢ 8.29+0.30 a 61.38+1.94 ¢ 26.91+0.72 ¢ 19.34+£0.81 ¢ 3.71+0.14 ¢
10 30754£979b  173.22+9.70 b 7.224+0.28 b 99.98+3.48 a 68.42+1.81 a 35.14£1.29a 9.47+0.43 a
15 46 165+1256a 225.01£10.50 a 5.29+0.19 ¢ 75.20+2.59 b 56.80+2.18 b 26.36+1.19b 6.95+0.24 b
s i . FR AL, iy H NP\ K Fe.Zn.B & & & 1 , 1M B Ak

25 ERAREAEMNARMETIE ERREHAEE
FTRSENEI

Xof SR AL ST Ml A A B R N R S, B
HAFEEFR TGRS EHRETHEMEL. L6
IR, 3ANE N FEER A AL BT, ) L F B Ca B B
LR i N ) YN TR gD A, FARE TR T R A R
R IGIN T, 78 3 AN Kb 3 [A] S Ak 3 %o IR ) ) 22 S
KRR BB ZKT (p < 0.05). Hrb, &FkE 10 g 5

Jiti 15 g SRR A AL, i v Mg Mn. Cu & & fx e
Hrb, Cu & Gw, J5RDIEF 20.24 mg- kg, LT g
= 105, EEREpRIE 5 g BRI AL 3 i 3 4%, LAk
Jiti 15 g FERR I AR HE /5 5 A5, X — 25 AT B 5 R it
FH 3G 0 5 0 B M A KB R E M Cu & &
BN 2, LA R Cu S BN A v Rk & S HURIAL
XoF Cu PR PR S B 388 0, AT o8 B ey o e
Ho M CoEL RS R h4gA R C
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Table 6 Effects of oxalic acid on the contents of nutrient elements in the leaves of
Rosa roxburghii grown in the calcareous yellow soil

TEPR i
Applied
amounts w(Fe)/ w(Mn)/ w(Cu)/ w(Zn)/ w(B)/
of oxalic w(N)/% w(P)/% w(KD/% w(Ca)/%  wMg)/% (mg-kg") (mg-kg') (mg-kg") (mg-kg")  (mg ke')
acid/
(g-plant™)

OCHHE CKD1.11+£0.03d 0.14+0.01d 0.56+0.02d 2.87+0.08 a 0.34+0.01d 62.07+2.18 ¢ 34.35+0.54d 2.01+0.07d 3.41+0.11d 4.25+0.14d

5 1.78+0.04 ¢ 0.21+£0.01 ¢ 1.20+0.04 ¢ 2.26+£0.06b 0.46+0.02 ¢ 97.04+2.90 b38.41+0.92 ¢ 7.03+0.30 ¢ 6.05+0.20 ¢ 5.90+0.29 ¢
10 2.18+0.06 a 0.36+£0.01 a 1.65+0.06a 2.04+0.07c 0.67+0.03b 114.16+4.32a 47.17+1.45b10.05+0.44b 9.68+0.36a 8.62+0.45a
15 1.94+0.05b 0.30£0.01 b 1.37+0.05b 1.88+0.03d 0.74+0.02a 98.17+2.85b 59.71+2.05 a20.24+0.96 a 7.45+0.36 b 6.97+0.31 b

(AR = AR R B

26 ERRARMENEXARMEHERIEDFRLE RN
REFERMEENT

2.6.1 FTRIZLERBRFEFZ0R0 THIZALH
VEP/ I WA | E R SN g =
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T T
L 20 r .
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g T B 12|
A =
B! r JUS N
g XE 8
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O 1 1 1 ) O N N N N
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SR Bt p—
Applied amounts of oxalic acid/(g-plant™) Applied amounts of oxalic acid/(g-plant")
10 - 887a
1
g | 6.73b
6.19¢c
= +
= T
;1 6 4474 =+
I -
A
£ 3
B 2
Z 27
8
s}
0 1 1 1 J
0 5 10 15
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Applied amounts of oxalic acid/(g-plant™)

1 ERAFEEASMARETRPHRFLRE, BRFEBRBEKREL=HTM0
Fig.1 Effects of oxalic acid at different application rates on fruit set, single fruit weight and fruit yield of
Rosa roxburghii grown in the calcareous yellow soil
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on the calcareous yellow soil
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