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[ —EHienn, HERENE R, R A R B kS B R O SR+ &
R ABENLENSEEERIEMERBER L8, THAME SR SHRGYXE, 5L
R FIRIEHA, ARIBEARENAE, SMEBEERANESR, RHEREFFHEM%,
LA R R HEFI R T UG

AIKE (136ppm) > L K5+ (102ppm) > % B4 (62ppm) > L BP & (34ppm) >
WECE (27ppm) > THUEE (23ppm) > TEE 2 (7ppm)
S2E M EHETHE 64 ppm HELEY, ARERBFNLHEOEHAWMEL S H—15
Efio TRERBNWLHRNEHAMERMRK, SAKSRENER, WEHEU Ene
Fo ALIANTERSE THE RS AP ERTNAEBT X — XM 18, %1

%1 SMREDE L BRA R TN

Table 1 Boron-deficient soils derived from parent materials low in boron

+ > R+ & & v £ B A 2WER KBEH
: (ppm) (ppm)
.~ Soil type Parent material Locality Total B Water-soluble B
E1n | XS WEXE 4 0.07
Red earth Granite Fujian Guangze
LA A& 16 0.29
Jiangxi Dayu
LG 13 0.06
Jiangxi Xingguo
WL #iZ =M 39 0.24
Rhyolite Zhejiang Yunhuo
AL R 13 0.21
Zhejiang Longquan
Fhoa LR 15 0.19
Phyllite Jiangxi Yiyang
L7553 0% 40 0.02
Jiangxi Jinxian
aua L7 25 0.11
Sandstone (red) Jiangxi Yingtan
i TRAR. 23 28 0
Zhe)iang Quxian
FE AL B R AT XA IR 47 0.06
Laterite and Granite Guangdong Guangzhou
lateritic soil "R R 43 0.20
Guangdong Lingshan
BRE I IRBEIT 22 0.13
Gneiss Guangdong Lianjiang
BIKA T REIL 26 0.09
Tuff Guangdong Zhanjiang
B OR 3 FRE iR TR 13 0
Yellow brown soil Gneiss Hubei Xinzhou
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RB—EHF, FARBENRENBETXx—%8,

X RRAOGE , BRT 2B S BIKLSN, RSB RIECIKASBER,
TXHRDF 2R 30N E L IRAN KBRS R, KASHL T MER S &(0.50
ppm) (5 99.7%, /0T 0.25 ppm BRI EERBAY 5 87.3% , 4T ROUEBA T BRI ER &,

EXFRAEGRE L8, - EYEEERRHRARBER, A BREHER
FAERLES, P BAAR, P E N B C U, BB R RN B, = RRA R >,

¥2 gmnkesWEsR (1)

Table 2 Content of water-soluble boron in red earth (surface soil)

KEEB (ppm) i 3 " 3 it
Water-soluble B (ppm) Number of sample Sum

<0.10 125 41.7% 125 41.7%
0.10-0.15 68 22.7 193 64.3
0.16—0.20 45 15.0 238 79.3
0.21—0.25 25 8.3 263 87.3
0.26—0.30 18 6.0 281 93.7
0.31-0.35 10 3.3 291 97.0
0.36—0.40 6 2.0 297 99.0
0.41—-0.50 2 0.6 299 99.7

>0.50 1 0.3 300 100.0

300 100.0

2. &M ERR AWM BROBA L, AL ITHNIMERS, A RSHR
D, REREEYNTE, LEFEOBE LS, ARSMIBERNER SR LSRN
BEX.

TP EERFESH Y, THNESWMTHLURSAENE, BSARSHEN
RESRERED, —MAH 10% 1 BO,, K& 3BELHW, BSARBERRIKNET Y, BT
FHNBETERNER. SRSARSNLIHNAMSERRB EVERAVGBM L3
B, HERREAASH, UHAZENBGEET I DERT, TAKBSHURL, BA
BEMRMNEHD LN, REN—EARHPELFTNLIHRETX—EH, XTRLEEN
TREFEBHBLIEANRDNKBESHORERS N, BREAFEM, BRTHEL
MERF RS, FEHLLEKENARKER BN LHAXUNER, AREHSH
B—HRERIKN, ERETERIIBPMENN®RE, ARELEN I HNSH AR’
B, AKBSBURDT®, BREENET B EABRERE, hEIFIAX—LEY
WAL, B1RRL. BULI M IRAKERBENEH LHNESSMR(EHMR
KEER), HE 1 TRRRKRLMEEET 80 ppm, fAESHWMEAR BT 0.30 ppm.

E—REOGB LT AR L ABFOEM MNP FRE—- SO, K1
STHEBRR ETRRRGE -MAE, B R T2EN S SME, HhBRESME
AR RRK PR H R LT TERISME L BRI ER LR, BABREW L4
BEEN 0% L. HAL BT MEURTERLLAENRFERT X LR, &5



3 X 8% REGMHLEMRBMSH 231

(12)

(9) (10) (11)
150f f 5 » B Jo.75

ﬁ' gg[:-j V4 N -
* 2 3
— *0
g _ 100} 0.50 5 3
g E o 2
=8 85
Se Tz
Xl . 38
i = | ]
é. 50 E 0.25 g_
&
g
(=]
=)

1 & a4 4a 4 a9 &

+ B N om ® & &

# W (3)(4)(5) (6) B A&

®(2) K K

+ * +

(1) (7) (8)

BN 25 (Total boron)
/KB4 (Water soluble boron )

1 #t, FOLIektRERERBENIHNTPESHE
Fig. 1 Average boron content of soils derived from loess, quarternary red clay and limestone
Type of soil; (1) Cultivated loessial soil (2) Yellow brown earth '(3) Red carth
(4) Red ecarth (Jiangxi province) (5) Red earth (Yunnan province) (6) Yellow
earth  (7) Terra rosa  (B) Brown rendzina Parent materials:  (9) Loess (10)
Leached loess (11) Quarternary red clay (12) Limestone

¥3 Kir[ROSWER (R4 ppm, B)

Table 3 Boron content of loess (ppm)

£y I 4 r B 4 B ISR TR ¥ 5
Range of boron content Average % in total boron
4 P 31—66 48 —
Total boron
BARBER 20—65 39 82.02%
Acid-insoluble boron
BEALSH 4.95—14.18 8.34 17.38%
Acid-soluble boron

MR EBENEB TEASTHAN BEHRNES. R4+ ELEBR2 LR LHHS
B RE 4 518 85% L EroM B AR SR, KIS S EME T 8BRS Sl (7 —BIH15N),

AT P ERAE, st IR LB L8 GER L B W
BT WE T /KIS, 160 NMRE REA TSR U, Kis SR T arilils 7 & &RD
0.50 ppm #Y ;5 58.8% , = EBRBARIIRT 0.30 ppm Ay 25.3% (£ 5).
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Table 4 Boron content of soils derived from loess, quarternary red clay and limestone (ppm)

TARD| & § | RLwA| BRK | 28 |55 wes@xsta  ELESBL 0
Soil type Parent Locality |Horizon |Total B inAcli:!;Ic Acid- | Water- Acid-insoluble BXlOO
material Bso soluble Bfsoluble Bl —  TowalB
Hwt # L | BRAIE *=E2 69 62 6.76 0.24 89.9
Cultivated Loess Shanxi [Surface
loessial Qishan [soil
soil BFK 59 51 7.91 0.24 86.4
Parent
material
HML # + | BARE| £2 74 69 5.31 0.24 93.2
Cultivated Loess Shanxi [Surface
loessial Yijun soil
soil 8K | 71 65 | 6.28 | o0.10 91.5
Parent
material
B4 # + | HRKME £E2 55 48 6.20 0.40 87.3
Dark Loess Gansu Surface
loessial Qingyang| soil
soil BE | 33 26 | 7.03 | 0.35 78.8
Parent
material
Byt | & L | HARaK | &2 81 74 5.90 | 0.70 91.4
Dark Loess Gansu  [Surface
loessial Heshui | soil
soil BF | 56 8 | 7.66 | 0.46 85.7
Parent
material
S | TH®L ([ IXEE | #2 65 62 2.66 0.22 95.4
Yellow Leached | Jiangsu [Surface 4
brown loess Nanjing | soil
soil SFE | 76 72 | 3.04 | 0.06 94.7
Parent
material
#HEN | TREL | IHIT | RB 87 65 2.24 |7 0.14 74.7
Yellow Leached | Jiangsu [Surface
brown loess Jiangning] soil
soil BE | 74 69 | s.21 | o.04 93.2
Parent
material
W |FELLE TRER | &RE 57 55 1.88 | 0.37 96.5
Red earth 4 Anhui Surface
Quarterna- | Xuancheng| soil
ry red clay BR 57 54 3.00 0 94.7
Parent
material .
PRl TART £E 48 46 2.05 0.08 95.8
¥t Jiangxi [Surface
Quarterna- | Yujiang | soil )
ry red clay 5951 53 49 4.30 0 92.5
Parent
material
Bl s MR T | kR 73 70 3.06 | 0.24 95.9
Bt Hubei [Surface
Quarterna-| Xianning| soil
ry red clay R R | RS 96 93 2.57 | 0.08 96.9
Jiangxi  |Surface
Jinxian | soil
a 8 ARE |dI@ENE | RE 145 142 2.91 0.34 97.9
Red earth {Limestone | Jiangxi {Surface
Fenyi { soil
ER%}" #iL iy =B 49 48 0.86 0.14 98.0
Limestone | Zhejiang |Surface
Changshan| soil
AKRA | TREEN | RE 88 84 3.37 0.26 95.5
Limestone | Guangxi [Surface
Liuzhou | soil

N
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b, FOLA AR EINAREREH IS EROE M TEAEL, BR4OTFH
W ARAB SRS MARSMRD, BABERHMEEM 0% L L, mAKBE&HSE
A L#R7E 0.30 ppm LU TFo

®5 AL : . HE RALPRESUESR (K1)

Table 5 Content of water-soluble bor;)n in soils derived from loess and alluvium
of Yellow river (surface soil)

KsAW (ppm) R & 4 -3 it
Water-soluble boron Number of sample Sum
<0.10 1 0.6% 1 0.6%
0.11—0.20 13 8.1 14 8.8
0.21—0.30 22 13.7 36 25.5
0.31—0.40 28 17.5 64 40.0
0.41—0.50 30 18.8 94 58.8
0.51—0.60 30 18.8 124 77.5
0.61—0.70 13 8.2 137 85.6
0.71—0.80 8 5.0 145 90.6
0.81—0.90 8 5.0 153 95.6
0.91—1.00 ) 2 1.2 155 96.9
>1.00 5 3.1 160 100.0
160 100.0

EIRFSRI 4 3 BRI BAAY , (E R BLGRARERE ML, NIER 1A RIGER 1052, &R
ZREEMELNOREN A SN ICH KA, REEIM 5T & 8AE GRIRAER , (XE 3T
BRENAMPER, Wk, RIFVBBRET “BEERZ”. BMELHREDT
AT EERE RN

(Z) LARETESBHEMLN

| BB A E G 38, X pH EF &N, DI R A4 T R, 72 pH7 DL 1
WTFHEEENDE. B2 UHTXMENR, RfEAKYE -84, MOTAYE Rt
BIK (SRR, MAERE T3 B BB R AR R8I LM, MRS T
RAEZER, EPENNRRETNSMLY, SHEANMMNN, E4WIEME+0E
B NTADET 1A BIpOBM: Gl LBk, Ranid B W A K, W 3E 2 nE ik
Zo EX—LRBMGIN L EL IR T HMEL REGLSN, —BARN UBRIBER, (£
A RAE R E —E A Lo

2 ESENRNGH 8, SRANAS EMANER L. KL REMEHEKR
REATHESFEIRAMIEE, BHE HASRBI R,

XF LB AR FELE SO, — BN RTREA LU LA, RMEZETTsE . B TR
ForFRME e BR: B RETR RO EL 7y T R IR = T . 7EIRRBEN MR
R, IEBMRL T . SREB R RE IR, BEFSERBROIRE, 7Y
LIEHURM S, TRE SN ISR EEAYH OH ERESY: AN ASE
HUBRIR MY & BROMRY, ETEE R SHHLAS B YRy OH EMELS™; FNUNNEN
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Fig. 2 Relation between pH value and boron availability of red earth derived
from different parent materials
Parent material; (1) Sandstone (red) (2) Basalt (3) Limestone (4) Gneiss
(5) Quarternary red clay

REEMEZAANESHENRMBB I EETEA L NOR L KR, HHERY
{RELL, HEKRR , KERM/NERIH ™ EAOBRMAER , EEBN T EM BB LN
RIEDBMERBERNEREER, TEMERNIES L RR M TR KES
PRIRAR, BBIR T BB R, ZE4ESER ALy EBRt, KIBESHME (K 6). ZAXKL
RAPBA LD, BELARINEGUER TAKESBERTRMIERE, BE
BN, LUF B R B 7K I 250 2 8 FEAR B AR RE U 5 T 5 3t 9 9 £ 2 30 T O 7K 78 AR A 43¢
B, SBEEXLBENRR,

ATHE LR T HOBHEE, XS T SFIRI—RAET TR R R,
— B T HAA RS E TR AR, 55— 7EaE sl L 85K M LS
R MY 4R , H IR R — 33 A A R R A S5 IR % Y b 4% , LLBA B 7 LR A g %
Ol REERUH, EHAARNESEIRAN ISP, AnBETFaE L NERR
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%6 ESHILRNRWULIRAHSHE
Table 6 Boron content in soils rich in organic matter
TR Ft A BE(EX) |2WEE (ppm) | KEAM (ppm)
Soil type Locality Depth (cm) Total B Water-soluble B & T
# g | BELUEKS 0—20 27 0.19 INEREL, RE R
Meadow soil Shuanghe Farm 20—40 32 0.11
} Heilong Jiang 0—20 39 0.21 INEENEE S NE M
20—40 29 0.17
0—20 - 0.15 INBEELES, IS
0-20 - 0.20  |hEath%, o
0—25 21 0.09
- 25—50 19 INERGE L
50—80 21
80—100 21 0.03
0—-20 16 0.39 INEEEX
20—55 22 0.28
55—75 17 0.18
75—100 14 0.16
HEHREL BRILAFRE " 0—30 37 0.24 KEEMERRER
Meadow soil Yingchun Farm AxE 43 0.02
(planosol) Heilong Jiang ®=R 43
HmE 55
BEARL | BRIMERS 0—14 31 .27
Gleyed soil Qianjin Farm 14--34 30 .01
(planosol) Heilong Jiang 34—48 17 0
‘ 70—86 22
HHAX+ BB 0-17 46 0.35 REEY L KIER
Upland soil Shuguang Farm 17—32 24 0.19
(planosol) Heilong Jiang 58-—80 25 0.15
80--100 31 0.15
=T $hF B 0-20" 58 0.36
\Heilong Jiang
Boli Xian
BETHEE 0—20 65 0.34
Heilong Jiang
Huanan Xian
BETITEEE 0—20 38 0.31

Heilong Jiang
Baoqing Xian

FHEE, BSEERRORS, U TRRUAERMIE, RHE R0 2 EEE
BRI R, XS REIE TR AREER R ESBEBMNER, R
. B BLIE 5 30 o
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Z. GREEE S

REGM TR0 +0) 2, RBERE L0 eM T s FEILE B3R
KEBBFBRLHIN, LIABESMDT 0.50 ppm R 1EX M, H5HEIARATIELFEE
HRA S HEAETF (B 1),

Bk 1 B R & M R ARRET SRRV BRIR 118, BRI R S B H B KBRS FRRE S 1B
EFRTERAREO LM, XM RERYE L8 ERAERARE, E£E3 LU
IA %R,

EREERBOABIRZ, RERERRT, &R BROKXED MILARSFE
HAERNIH EBLAHRNAEN, K8 kR E, AR ScEFm8hR. Bt
R&E MECEMAEN L SMBE RIS, £RSHTEIEL THERRR, RN
e SRR A IR (RUIFTEAR S 30) R HE AR A T i kR , 7= B =T R AR 938 o

FEECGERARE N SMERIK, TREN DN HE — BB EEIR, Al it
BARIEBOMLEEXER—NRENBAME, X—SBR A TANLEE, A
ERBATE KL HF - ER T H R FN LR KB BILER, HEURER
BWAX, BT BREBNFRERKERY, WV REREREZBR &, LRSFE
FRREIES THBRZ. RV EPPBENAE+4TZ. ETRIILLEUER
AENMRIE, BBOZEEL.EBFEENEAGMORE, TEMMTERHMIEXT X
Ro AN BRERMNZRBX N AEEE S, BEXRRIF, BWREBTUK L BT R
WL B PE B A R R &, R TRE R T iX MBI , XA Rt — a0 leE, B L 1A+ (11A)
oo ’

SWEIERR ARSHRIEVGMLEER L, FRLL KL, AREFRLE
FERABOERH L, XETHHLHSBRET LR OBRE 18, EREKESH
B, R 3 LU 1B &R

XM LU HRERESHEBRA, @ ERAE . LA H R RN, #ERE. 58
LA R SRR B A R o R 5 7 AR I B AL P, S B R R B A
BT RERIN RS (ZHSERS, RARSMRES  KBSHED) LS.+
B2+ ERENEN, BEM ol HETSHMNTAKRER, TRELEELE
G, AHETRIHTHRELBX, FOLlirENETERBX, TRE0IEE R
%o

FHLLEMINAREMABNLEYLMERTEE 100 ppm EF, KBS
MAEFEART0.25 ppm, [ ABRIFF RN, FELL B L EE AT ILAREBE DT A
LER, ARSEREEFEDOAERERMATNERRAKE LBERUNES

pH EREF FBMGRB LRI B TS, THEBENBOTNLEOERMERE
REGRELE LR TEERIERIN, KBESH—BEBLERD, AR RE
B Ll A £R). BTRANAER L BROENM, HLmEX (L IB + IA £R),
ETEIRERAKFELOBRERE L, BREN, 2 HFE,.EE 3 LERAWMER,
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ERANANRE T EAGTRELENARKBHMEE -, BANEMLIE
RO BRI 1 84 7 T BT S JR, E3R R SRRk 3 0 A T = LSRR R B, WAL T
KARMIREL, 2hEREFTAENE, £& 3 LUEBR 1B RN E RA 6 HH
H o

EResRER M5 A6, STAE KRR G M a R B AR (E O, FriE%s
B AT RE —A ST 4200, {5 B HE KB Y Gk 31 L 3B 5 A o

=. /B 5

1. FREAGGRIE L AT X 43 BRAR R SR, 3 HL w5t — X 5 KB 2o

F—RMARERLBRSBRRCITER, HHOELSWMENE ZSMEBRII HHOR
MBI, A RXEMRIK BEZUBRABEEE, R DRIER Ao

F_MRBRE TR AESEIER, FNRHT pH HLH, AROUEHTEIR
X3 AR A M B E o

2. REGH - WAOHE B, TEAHERB R, KABRRE D,

3. bRAOBRIR LI 7 1S Sl SRR AR 45 R E AT
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BORON-DEFICIENT SOILS AND THEIR
DISTRIBUTION IN CHINA

Liu Zheng, Zhu Qi-ging and Tong Li-hua

(Nanjing Institute of Soil Science, Academia Sinica)

Summary

In the eastern and southern China boron-deficient soils have been found in large
areas, while soils in the arid regions are rather rich in boron. The amount of boron in
soils varies with parent materials. Soils derived from shale, limestone, and marine sedi-
ment are usually rich in boron and those derived from granite and other igneous rocks,
gneiss and sandstone are low in boron. Strong alkalinity and rich organic matter in
soils reduce the availability of soil boron. Thus the boron-deficient soils may be divided
into two types and four subtypes.

Type I Soils derived from parent materials which are low in boron.

Type IA Soils derived from granite and other acid igneous rocks, gneiss, ete. In
China boron-deficient soils of this type are mainly acid soils, such as red earth, laterite
and lateritic soil ete. In these soils both total boron and water-soluble boron are very
low.

Symptoms of serious boron-deficiency of winter rape have been observed in many
areas of eleven provinces in soutern China. An application of boron fertilizer increased
the yield of rape and other boron-sensitive crops.

Type IB Soils derived from parent materials which are slightly higher in total boron
and rich in aeid-insoluble boron, but low in water-soluble boron. Soils derived from
loess, calcareous alluviums of Yellow river, quarternary red clay, limestone ete. are be-
longing to this type. Winter rape grown on these soils derived from loess showed no
symptom of boron-deficiency. However, application of boron fertilizer can also increase
its yield.

Type II Boron-deficient soils induced by unfavorable soil conditions.

Type ITA Soils with a higher pH value

Soil pH value significantly affects the boron availability and its uptake by plant.
In calcareous soils of northern China the availability of boron may be very low. Over
liming on the acid soils also reduces the available boron and may lead to boron-defi-
ciency. Such cases often occur in local areas.

Type IIB Soils with higher content of organie matter and underlaid by high water
table. Crops growing on meadow soil and Baijiang soil (planosol) with a high water
table usually show serious boron-deficiency. Application of boron fertilizer is necessary
to restore the normal growth of the crops. Fixzation of boron by soil organic matters
reduces the boron availability.

Experimental data on boron fertilizer are given in Figure 3 and Figure 4 in
Chinese text.
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