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Table 1 General information of the sample plots
G PR YS 7 4 TR Tl AL 2 3
Tree age(a) Sample site Longitude (E) Latitude (N) Altitude(m) Planting density(m X m)
7 ¥ Dangta 110°05’ 37°47 1021 4x5
10 = P55 Gaoxigou 110°11" 37°52' 1034 4x4
18 R A PEGaojiaping 110°25’ 37°46’ 1164 45x%x4
25 FRIEMaqu 110°14’ 37°48' 1060 3.5x5
30 R {HQuanjiagou 110°16’ 37°46' 1047 3x4
41 IEMaqu 110°14' 37°48’ 1067 3.5x5
AIHFL i 794 Gaoxigou 110°12' 37°51 1050 —

. FLAREA M., T Note: FL stands for farmland. The same below
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+ AL F8 %L (soil desiccation index, SDI)H]
FIEM H a2 RSt
B R R IERE A A K E R . AR
DL SRS W B AR O R Ty ERR TR AR,
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75+ B VA BRI L M SE SRR 3 Ak S 324378 SRR 505
SH - WM SSH - SH
SDI=(1- o _WM) X100% = s x 100%
(2)

K, SDI I 8T IhiE%, %; SHN I 1E
B, %; WMRBRHZERE, WRMEN3.5%,
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Table 2 Soil humidity (SH) and soil desiccation index (SDI) along the 0 ~ 1 000 cm soil profiles in the apple orchards relative to age

of the orchard

T 1y 0~100 cm 100 ~ 300 cm 0~300 cm 300~ 1000 cm 0~1000cm
Tree age SH SDI SH SDI SH SDI SH SDI SH SDI
(a) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
7 13.6+1.8  —8.7 6.0+1.5 733 8.5+4.0  46.0 9.8+1.5" 323 9.4+2.6° 364
10 13.7+1.2"° —10.3 72%1.7° 60.0 9.4+3.4" 365 11.5+3.4"°  13.6 10.9+3.5" 205
18 173+1.1° -493 7.1+£2.9"  6l1.1 10.5+54" 243 55+0.8 787 7.0+£3.8° 624
25 10.5 +3.4° 23.8 47+0.3°  87.0 6.7+3.4c 659 55+0.7° 789 5.8+2.0"°  75.0
30 15.8+0.2" -33.4 6.1x2.1™ 718 9.4+50™ 367 5.1+0.8° 82.3 6.4+2.0"  68.6
41 11.8 £3.4° 9.8 4.5+0.5° 89.0 7.0 £4.0c 62.6 5.7+0.9° 76.0 6.1+2.% 72.0
LRMFL  15.9+2.0" —34.1 14.4+1.2°  -17.5 149+1.7° -23.1 11.2+0.9"  16.9 123£2.6° 49

e FAIARR AR 2 78 B K (p<0.05) . N[F Note: Different letters in the same column indicate significant

differences at p<0.05. The same below
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SERMET100~300 cm )2 (£3) , htrdEE
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SR FAE0 ~ 100 ecm+ ZHE A F 100 ~300 cm

+JZ, 0~100, 100 ~300 cm+ /2 +HEAHLT & 7
BER S A A R B IEAAA A, PR Se il RIS WU, 4
MAEL0 a, 18 alf ik B KIEH, & hH4.58. 3.05
mg kg™ AR ~300 cm+ZHWLF &&=

SRE, FEEHRI/MEIK 18 a>10 a>7 a>25

a>41 a>30 a,
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20 240
0 —
100+ |
200} l
5 300t .
! :
5 400 . a7a
= [ ' —3-10a
= 500} '
A I \ —A—18a
600 - ! %25a
IS . —-30a
5700- ! —e—4la
g0k . —0—FL
I ' ———SSH
900 | . — WM
' ---- FC

1 000 L
{f: FL. SSH. WM, FC/RAIfURAH | T HEfE el .
ZEIREE . WA /K Note: FL, SSH, WM and FC stands for
farmland, soil stable humidity, wilting moisture and field water

holding capacity, respectively
B RTFEMRE SR A0 ~ 1 000 cm )2 +HE &K
1173 A1
Fig. 1 Distribution of soil water content along the 0 ~ 1 000 cm

soil profile in the apple orchards relative to age of the orchard
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e FE %50 ~ 100 ecm )2/

HFHHLL100 ~ 300
T A 4 A b
AR ZWE S =

Ak e 38 R AR R SR, 2493 A SR KR /N
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AW EAE2S alk B KM, EMBE S EAE10 a
18 aff ik B f KAE . AR IR SR AKO ~ 300 cm
T A EESEE, FHE R RBMRIK R25

a>41 a>10 a>7 a>18 a=30 a, TIEHMBEST R LR
R, FHEHARE/MEK 18 a>25 a> 10 a>
7 a>30 a>41 a,

R AR R R A A AS R
FERRO ~ 300 cm B R G EEFBE, HOP
P KRB IMER 25 a>7 a >18 a>10 a>41 a>30
a. AT ZEAES, 0~ 100 cm+ )2 #8040 & &
100 ~300 cmt Z2FE 5. Al — 4 )2 AR A 1 1
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Table 3 Distribution of soil nutrient contents along the 0 ~300 cm soil profile in the apple orchard relative to age of the orchard

2 s A HLIT B it AL R R TR
Soil depth Tree age Organic matter Total N Alkaline N Total P Available P Readily available K
(cm) (a) (gkgh (gkgh (mgkg") (gkg') (mg kg™ (mg kg
0~100 7 2.7%0.7 0.22 +0.04 13.0 4.6 0.51+0.03 83%75 123.2%452
10 46%1.5 0.32+0.09 153+83 0.57 +0.08 13.3+11.6 127.6 £ 63.9
18 45%1.2 0.25+0.07 17.1+10.4 0.54+0.05 10.7 8.4 88.1%20.7
25 3.5+2.1 0.29+0.11 17.3£9.1 0.65+0.04 53£0.9 124.6+25.2
30 32%1.1 0.19+0.08 11.5+7.5 0.53 +0.03 7.9%3.6 80.7 +36.3
41 2.7£2.0 0.25+0.11 14.7+10.4 0.49 +0.03 33%1.1 89.0 +38.1
S {HMean 3.5%0.8 0.25 +0.04 148 2.1 0.55+0.05 8.1%33 105.5+19.8
CV(%) 22 18 14 9 40 19
100 ~ 300 7 2.8%1.2 0.17 +0.02 6.4%3.1 0.57 +0.03 5121 111.3+19.0
10 23%0.6 0.17 +0.03 3.4+23 0.56 +0.03 5.8+2.6 76.4+3.4
18 3.1%0.6 0.23 +0.02 9.8%3.9 0.54 %0.04 124%1.1 110.8 4.1
25 23%09 0.22 +0.03 6.4+1.6 0.65 +0.06 11.7+3.5 117.2£6.6
30 1.4%0.8 0.14+0.01 10.0£3.5 0.55+0.03 49=1.4 67.6+4.0
41 2.4%09 0.25+0.02 8.0+1.7 0.64 +0.05 52+1.7 90.6+ 14.1
-4 {H Mean 2.4%0.5 0.20 +0.04 7.4%2.1 0.58 +0.04 7.5%3.2 95.7+18.8
CV(%) 22 20 29 7 43 20
0~300 7 2.8 % 1.0ab 0.18 +0.04b 8.6+ 4.8a 0.55+0.04bc 6.1 £4.9bc 115.3£30.9a
10 3.1+1.5a 0.22 +0.09ab 77+74a  0.56+0.06bc 8.3 +7.8ab 93.5 + 44.2bc
18 3.5%1.1a 0.24 +0.05a 12.2+7.6a 0.54 +0.04c 11.9+5.0a 103.2 = 16.4ab
25 2.7+ 1.5ab 0.25+0.08a 10.1+7.4a  0.65+0.05a  9.6=4.2ab 119.7+15.9a
30 2.0%1.2b 0.16 +0.05¢ 10.5+5.3a 0.54+0.03¢ 5.9 %2.8bc 72.0+22.1¢
41 2.5+ 1.4ab 025+0.07a  102%6.9a  0.59+0.08b 4.6%1.8¢c 90.0 + 24.9bc
S {HMean 2.8%0.5 0.22 +0.03 9.9+1.5 0.57 +0.04 7.7%2.5 99.0 = 16.1
CV(%) 17 16 15 6 32 16

e CVARFRAE R R B Note: CV stands for coefficient of variation
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mg kg™,
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Table 4 Criteria for soil grading used in the second national soil survey

> b A HLBT A Bt AL e HA AL
Criteria for soil grading Organic matter Total N Alkaline N Total P Available P Readily available K
(gkeg™) (gkeg™) (mgkg™") (gkeg™) (mg kg™ (mg kg™
F % Abundance >40 >2.0 >150 >1 >40 >200
& Relatively abundance 30 ~ 40 1.5~2.0 120 ~ 150 0.8~1 20 ~40 150 ~ 200
t1 4% Moderate 20 ~30 1.0~1.5 90 ~ 120 0.6~0.8 10~20 100 ~ 150
A Minor deficiency 10~20 0.75~1.0 60 ~90 0.4~0.6 5~10 50~100
it Deficiency 6~10 0.5~0.75 30 ~60 02~0.4 3~5 30~50
ikt Extreme deficiency <6 <0.5 <30 <0.2 <3 <30
2.3 ERMH0~300 cemtEXERSIEEUY  HEEERTHES

fiE

H1 3 P e I A% X LR AR R K i ELAS R A i 1
HSEIRAKRO ~ 300 em -+ )2 4 8 77 405 ] 14 A R
(E2) arH, KRR+ 5 A S
T AL IR AR —3, 0~ 60 cmt 2SR E
T60~300 cm )2, KRR, L)ZW3h0RHE
KT FZE, AR ~ 60 cm P2 55 50 & 2 Fifi
+ Z TR INGE R . RS A S ETE60 ~ 300
e o B i s =1 | RS 2 R =S T S i
FEH, H18 a, 25 alF W RAMHAE60 ~ 120 cm
TU T PN 39 4 R i o 2 TR AT % 1 D T 1Y)
gas, ZJE b ZUR B sh M R R . A
BT A A EAE60 ~ 300 cm HEZTE RN, SRA
IR R, WTEBAMEL A WS, a2 s AU,

N TR B 4 3 SR AR HB0 ~ 300 em - 3E 4 I
PR, WER/N, AFRTEERESARE, H
MR BN E, (A FER &2 58K,
25 af i, 30 afr i N, AP SE S AR £
W0 ~ 60 em i sy, H BE R EE 3G fin R
B, 60~180 cm /2 & HAEE, 180 ecmlA T+
2, BEEEUREERG N, 25 BR3P R AR L H O 1

T AAEO ~ 300 em + 2 & B R
i, HEZRE, BREEWNE, 0~60 cmt 2+
S B TR TR B RE  T R AAR I SEAR
PRHL60 ~ 300 om 1 2 A & P Bk, HITH
MZE RITEE . A RIS R0 ~ 60 cm HHEA
ML & i 5 60 emL F+JZ, 18 a, 25a, 30 a
TR A . AL S A0 ~ 300 cm AN [F]
FIR USRI, AN RIS U Sl R A X — 3

gLk, BB, AV, 4
A WARA . HSE . A RZERS SRR,
TR R, 750 ~ 60 cm 1 J2 70 Fl % B 19 hn &
R TR, X0 A8 2 Uk IR > 5 = AR 0 ~ 40
emiEENA K, 60~300 cm 2 HIEAE . B
A, HEMH S ERREE, HHEBEABETE180 ~300
cm T EA B LG, HEAVLTEAE60 ~300
em B JEEE N A WS, R
24 FTEMBERKELIRAKSIEFSINEER

ESER

AN TR AR iy 52 SR AR = K o 5 SR HLR
AL WA . A HAEE . SRR 0 A
KR WS, H1T0~60 cm+ 2 HIEFRS&
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4%, Total N (g kg™) PSS, Alkaline N (mg kg™) 4:W% Total P (g kg™)
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Fig. 2 Distribution of soil nutrient contents in the 0 ~ 300 cm soil profile in the apple orchards relative to age of the orchard
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A (p<0.05) . 7 aftld EHOK RS 2A R
W IEA G (p<0.01) 4b, HHARFR &Y
T AN . BR18 afffE 1K o S HL S
HREBEIEME (p<0.05) , 5 &/ EW
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BFEAME (p<0.01) , 41 affil HHK 52w
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Table 5 Pearson coefficient between soil water content and soil nutrients in the 60 ~ 300 cm soil layer in the apple orchards relative

to age of the orchard

hity AL o B A g L ¢ HAH
Tree age(a) Organic matter Total N Alkaline N Total P Available P Readily available K

7 —0.082 0.878** 0.518 —-0.228 -0.172 —-0.108
10 0.621* 0.924%* 0.756%** 0.688* —0.495 0.388
18 0.642* 0.275 0.371 —0.484 —0.435 —0.794**
25 —0.248 —-0.191 0.421 -0.211 —-0.275 —-0.084
30 0.197 —-0.137 —0.135 —0.083 0.459 —0.408
41 0.264 —-0.520 0.027 —0.655% —-0.181 -0.177

e AR EMLE (p<0.01) , *FREFEHMIK (p<0.05) Note:

significance at p<0.05

** stands for significance at p<0.01, * stands for
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Desiccation and Nutrient Status of the Soil in Apple Orchards in Hilly-Gully
Region of the Loess Plateau

LI Qinghua'" > ZHANG Jing" > WANG Li" >’ WANG Yanping"’
(1 College of Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China )
(2 State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation, Chinese

Academy of Sciences & Ministry of Water Resources, Yangling, Shaanxi 712100, China )

Abstract [ Objective ] Mizhi County is a hill-gully region, typical of the Loess Plateau, where
drought and shortage in water supply is a major factor restraining sustainable and healthy development
of apple orchards. At the same time, soil fertility or nutrient status is another affecting tree growth and
fruit yield and quality. Therefore, it is essential to study variations of water regime and nutrient status in
the soil profiles of apple orchards different in cultivation history, and hence to explore mechanism of soil
desiccation leading to nutrient imbalance, in an attempt to provide certain theoretic basis for scientific
management of soil water and nutrients, soil building and rational fertilization in apple orchards in hill-
gully regions of the Loess Plateau. [ Method ] Distribution of soil water content in soil profiles, 1 000
cm in depth and nutrient contents, including soil organic matter, total nitrogen, total phosphorus, alkaline
nitrogen, available phosphorus and readily available potassium, in the 0 ~300 cm soil layer of the profiles
in the apple orchards, 7, 10, 18, 25, 30 and 41 years old, were determined; soil desiccation degrees and
soil nutrient status along the soil profiles were evaluated for analysis of their relationships with cultivation
history of the orchards and depth of the soil layer, and relationship between soil water content and soil

nutrient contents in the 60 ~300 cm soil layers of the apple orchards relative to cultivation history.
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[ Result ] Results show that the soils of the orchards, regardless of cultivation history, all suffered severe
or intense desiccation. Mean soil water content of the 0 ~ 1 000 cm soil layer increased first, then decreased
and then slightly turned upwards again with age of the orchards. The content of organic matter, total
nitrogen and alkaline nitrogen in the 0 ~300 cm soil layers of the orchards, regardless of age, was less than
6 gkg'. 0.5 g kg 'and 30 mg kg™, respectively, all falling down to the level of extreme deficiency, whilst
the contents of total phosphorous and available phosphorous varied in the range of 5.4 ~6.5 g kg'' and
4.56 ~11.86 mg kg, respectively, both being on the level of moderate or minor deficiency; and the content
of available potassium was 71.98 ~ 119.68 mg kg 'or moderate in nutrient availability level. In the orchards
of young apple trees, soil water content was closely related to soil organic matter, total nitrogen and alkaline
nitrogen contents, whereas in the orchards of apple trees in the full bearing period and in the decline phase,
it was not, which indicates that in the former the soil water regime was well preserved and in the latter the
soil water environment deteriorated, with severe or intense soil desiccation occurring in deep soil layers.

[ Conclusion ] It is, therefore, suggested that besides positive water conservation measures proper to
orchards different in age, improvement be made in fertilization, by paying more attention to application of
organic manure and nitrogen fertilizer, increasing the application rate of phosphorous fertilizer properly and
reducing or even stopping application of potassium fertilizer. Compared with the issue of nutrient imbalance
caused by soil drought, the one of soil desiccation should have aroused more concern in the region.

Key words The hilly apple orchards; Soil desiccation; Desiccation index; Soil nutrient; Nutrient

shortage
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