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Effects of ground mulching on leaf quality in late apple growth stage and
rhizosphere environment in the dryland of eastern Gansu Province

SUN Wen-tai, DONG Tie, LIU Xing-lu, YIN Xiao-ning, NIU Jun-qiang, MA Ming
(Institute of Forestry, Fruits and Floriculture, Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China)

Abstract; The objective of this study is to identify the effects of ground mulching on the leaf quality at late
growth stages of apple as well as rhizosphere environment in Longdong arid areas. Leaf nutrients and reactive oxygen
metabolism of the 16-years-old apple trees with six consecutive years coverage were measured, which included con-
ventional tillage (CK) with three coverage types of plastic mulching, straw mulching, and film + straw. Soil mois-
ture, soil bulk density, and organic matter content in different layers were determined as well as the soil microor-
ganisms and soil enzyme activity in the rhizosphere. The results indicated that straw mulching increased leaf chloro-
phyll and starch contents by 2.79% and 29.09% , respectively. In the concentrated layer of apple roots (20 ~40
cm) , straw mulching increased content of soil moisture by 102.93% and organic matter content by 135.96% over
the control. Also, the soil bulk density was reduced by 96.32%. The activities of urease, alkaline phosphatase, cat-
alase, and sucrase in top 20 cm soil layer were significantly increased by 157.14%, 218.5%, 118.02%, and
193.21% over that of the control, respectively. The amount of microorganisms in the soil with straw mulching was
134.19% of that in the control and the population of bacteria and fungi were increased, but the population of actino-

mycetes was reduced in other soil layers. Also, soil moisture, porosity, microbial population, and activity of urease
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and sucrase were positively associated with root activity. In addition, there were negative correlations between soil

bulk density, catalase, and root activity. The treatments of plastic mulching and film + straw did not improve the

leaf quality and soil rhizosphere environment as much as straw mulching. The results of soil physical and chemical

properties, soil enzyme, and microbial community distribution showed that the straw mulching is a better option for

improving most of the parameters in apple orchard in dryland of the eastern Gansu.

Keywords: apple orchard; ground mulching; apple leaf quality; rhizosphere environment; soil enzyme;

soil microorganism
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Table 1  Leafl characteristics at late growth stages of apple under different mulching
Al
IS I AR m MHRR
gbam K . KL t AR e leat TR N p
Treatment Length Width Leneth : width Leaf area  Hundred-leaf weicht Chlorophyll Jekg™) /(g ke
reatmen ngth : wi . .
¢ /em /em el cm? weight/g . (SPAD) grxe g%
/(g+em?)
TRk .
o a1 8.01+0.15Bb  542+0.11Bb  1.48+0.04Ab 31.01+1.09Bb 45.73+0.45Dd 0.37+0.02Bbc 58.04+0.29Bb  24.3x0.3Bb  2.04+0.02Cc
ean tillage
B
. . 8.01+0.13Bb  5.19+0.06Cc  1.54+0.03Aa 30.29+0.73Bb 54.67+0.48Bb 0.39+0.02Bb 56.46+0.53Bc  24.6+0.6Bb  2.05+0.03Cc
Plastic mulching
R
. 873+0.11Aa  5.89+0.02Aa 1.48+0.01Ab 37.12+0.67Aa 57.87x1.06Aa 0.45:0.01Aa 59.66+0.60Aa 264+0.7Aa  2.34+0.02Aa
Straw mulching
J+ s
S 8.79+0.06Aa 5.79+0.02Aa 1.52+0.01Aab 36.35:1.13Aa 50.3+0.13Cc  0.34+0.03Bc  57.3+0.76Bbc 25.4+0.7AaBb  2.24+0.05Bb
1m-siraw
e T i =
e X Ve AR ﬁf*fﬁé! Hﬁ% oD POD {3
Starch Soluble sugar ~ Soluble protein Proline (MDA)
Treatment /(g-kg™) N N . /(U-g")y  /(U-gh) »
/(g-kg™) /% /(mg-g7)  /(pg-g) /(nmol - g™)
P
" %T- 5.83+0.03Cc  12.58+0.93Ab  3.71x0.16Aa  3.69+0.09Cc  33.15+1.40Aa  22.85:1.8Aa 42+0.56Aa 4.5+0.53Aa
Clean tillage
i
. . 5.92+0.07Cc  12.67+1.53Ab  3.3420.15Aa  3.99:+0.12BCc  31.21+0.82ABa  17.39+1.15BCc  39.72+1.90Aab  4.9+0.44Aa
Plastic mulching
KL
. 6.67£0.060Aa  1624+1.52Aa  3.62+029Aa  4.99+0.15Aa  27.67x047Bb  152+0.36Cc  25.31+0.75Bc 1.5+0.10Bc
Straw mulching
J+ s
Film 6.08+0.05Bb  14.67+0.83Aab  3.61+0.22Aa 4.32+0.27Bb  27.73+1.89Bb  19.92+0.92ABb  38.99+1.46Ab 2.5+0.44Bb
m+straw

T FSAARR NG FREFBORZAIAE 0.05 K L2257 B3  ARIKEFRFRAE 001 kP LR RE,

Note: different capital and lowercase letters indicate significant difference at P<0.01 and P<0.05 levels, respectively.
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The vertical change of soil physical and chemical properties under different mulching
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THRZ LIE R BACRE R W5 K oy B 573 4R
DA Je 2 - T8, 8 U AR AP e b ARG )
g, M RN EEEok A T S i Ry
WA TR AR i) PR DR 2 A R M I A
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Table 2 The change of soil enzyme activity under different mulching
WK Urease/(mg + g™') TR PERAERREE Alkaline phosphatase/(mg -+ g7')
iE/Cm E TR JR+ T AL TN J+ T
Soil layer CK Straw Plastic Film+ CK Straw Plastic Film+
mulching mulching straw mulching mulching straw
0~20  0.49+0.04Bc  0.77¢0.02Aa  0.67+0.05Ab  0.72+0.02Aab  19.24x0.16Dd  42.04+0.15Aa  36.95:0.47Cc  39.25+1.41Bb
20~40  0.22+0.01Dd  0.39:0.02Aa  0.28+0.02Cc  0.33x0.02Bb  18.98+0.54Cd  27.52+0.6Aa  22.17=1.16Bc  25.63x1.15Ab
40~60  0.2+0.03Bb  0.28+0.03Aa  0.21+0.02ABb 0.24+0.04ABab  15.54x0.75Dd  27.39+0.64Aa 21.53+0.71Cc  24.58+0.53Bb
60~80  0.17+0.03Bb  0.26+0.02Aa  0.15+0.01Bb  0.24£0.02Aa  10.57+0.61Cd 23.44+0.95Aa 12.93x0.42Cc  18.99+1.52Bb
80~100 0.15:0.01ABb  0.17x0.01Aa  0.14+0.01Bb  0.150.01ABb  7.01x0.11Cc  14.67+1.28Aa  6.94+0.07Cc  11.420.55Bb
AL Catalase/ (mg + g7') HEREG Sucrase/(mg + g7')
£/ em % L M+ P i M+
Soil layer CK Straw Plastic Film+ CK Straw Plastic Film+
mulching mulching straw mulching mulching straw
0~20  1.11+0.05Bb  1.31+0.04Aa 1.18£0.04ABb  1.27+0.05Aa  22.97+0.24Dd  44.38+0.63Aa  28.86+0.4Cc  39.87+0.36Bb
20~40  1.32+0.06Aa  1.36x0.04Aa  1.300.06Aa  1.33+0.06Aa  14.19x0.44Bh  26.76+0.94Aa 27.63x1.11Aa  26.87+1.00Aa
40~60  1.330.06Aa  1.58+0.05Aa  1.45x0.26Aa  1.51x0.084a  12.59+0.98Cc 21.56+0.66Aa 17.6x1.06Bb 20.37+1.50ABa
60~80 1.46+0.08Bb  1.79£0.03Aa  1.73x0.05Aa  1.74£0.04Aa  10.72+0.37Bc  16.27+0.56Aa  10.77x0.95Bc  12.54+1.30Bb
80~100 1.54+0.04Bc  1.87+0.01Aa  1.76+0.06Ab  1.78+0.03Ab  5.61+0.24Dd  12.71+0.83Aa  7.7¢0.39Cc  10.85+0.59Bb
Aed - R YR M, DA AL T R E AU — a2 8 Straw mulching
b DR T B R | Ao AR A S | TR W 1ax10°f === Al Plastic mulching - Jji+# Film+straw
TEYESY B CK ¥ 157.14% ., 218.50% . 118.02% % Bop |
193.21%, 25 ol
2.4 REBEFRI LERED S THHIRI EER
A 2 A A v o EIRALEE 0~ 100 cm 4% i_;; 2Xx10°F

+ )2 HIERAE Y R CK ) 134.19% ,105.48%,
Hrh e g S A P 0 E B P R R D A 2
(0~40 cm) T IERAEY BRI 5 Z A0
o TR+ LRI 0~ 100 em AR B EAL R CK Y
94.39% , £ 40~80 cm +JZ¥ETF CK,

SRbd T SEA Y DLA R O R IR L, B
R R /D, AR P IR 55 7 e
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WM, hER 3 AR, R P T
H L RME S BRI, B TR W,
PL20~40 em LRRORE A WA ME | LE
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Fig.2 The influence of mulching on soil

microorganism population
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Table 3 The change of soil microbial population under different mulching
1,%5]5% ﬁlg’é Ab3 Treatment +JZ Soil layer/cm
Microbial species 0~20 20~40 40~60 60~ 80 80~ 100
i CK 0.998+0.01BCc  0.459+0.012Bb  0.19+0.0140Bc¢ 0.145+£0.030Bc  0.095+0.003Cd
B;cten‘a 72 Plastic mulching  0.92+0.005BCh 0.374+0.017Cc 0.206+0.004Bb 0.175+0.003Aa 0.244+0.003Aa
/(X107 cft - &) Z % Straw mulching  1.138+0.026Aa 1.01+0.009Aa 0.273+0.003Aa  0.168+0.004Ab  0.103+0.005Cc
fEE+ T Film+straw 1.084+0.071ABa  0.271+0.003Dd ~ 0.112+0.003Cd  0.112+0.004Cd  0.137+0.003Bb
. CK 24.13+0.66Dd 9.22+0.03Cc 4.00+0.05Bb 1.80+0.02Bb 9.20+0.09Aa
Fﬁlis %ﬂ%‘i Plastic mulching ~ 31.02+0.66Cc 15.41+1.40Bb 5.13+0.09Aa 6.86+0.03Aa 1.53+0.03Bb
J(X10% cfu - g7 Z %0 Straw mulching 85.43+1.08Aa 22.82+0.06Aa 2.85+0.12Cc 1.40+0.09Ce 0.52+0.04Cc
B+ Film+straw 37.82+0.82Bb 4.27+0.10Dd 0.12+0.02Dd 0.01+0.001Dd 0.13+0.02Dd
N CK 15.16+0.08Cc 6.43+0.18Bb 5.24+0.10Bb 3.32+0.03Aa 1.95+0.06Ce
Aut?fﬁfetes 72 Plastic mulching 16.19+0.14Bb 8.95+£0.04Aa 7.47+0.09a 3.07+0.05Bb 5.14+£0.04DAa
/(X10% cfu - g7 Z %5 Straw mulching 12.04+0.04Dd 6.10+0.15B¢ 3.76+0.07Cc 3.08+0.04Bb 1.51+0.06Dd
fEE+ T Film+straw 20.30+0.62Aa 9.06+0.04Aa 2.85+0.04Dd 2.05+0.06Cc 2.50+0.03Bb
x4 TEBEUESIEREYIENMEXN . .
39 i

Table 4  Correlation between soil enzyme activity

and soil microbial population

] HE e
Bacteria Fungus Actinomycetes

HERAG 0.805" ~ 0.833" " 0.775" *
Sucrase

JIREE Urease 0.896" * 0.875** 0.859"*

Alkaline phosphalase 0.729 0.747 0.697

URER e .

HRIEE g osee o763 o8
Catalase

Uis o+ RIRTE 0.01 KT ERFHIE, T,

Note: * # denote correlation is significant at 0.01 level, the same
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Table 5 Correlation between root activity and soil physical-chemical properties, soil enzyme activity,
and soil microbial population under different mulching
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moisture  density  porosity  matter yeetes Catalase
phosphatase
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s X
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.. Straw mulching
activity
) 0575 -0.927" " 0.939 0.971 -0.288  0.747 0.737 0.863 0.917 0.948 -0.961 0.957
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