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Abstract: T he effect of m anaging the natu ral vegetat ion w ith differen t m echan ical and chem icalm ethods to m in im ize runoff

and so il ero sion in the red so il h illy o rchards w as invest igated. T he tradit ional t illage w ithou t herb icide p ract iced by farm ers

resu lted in 33. 2 m 3öhm 2 runoff and 167. 8 t·km - 2 so il lo ss per year. T he m anagem en t of natu ral vegetat ion w ith

sequen tia l herb icide treatm en ts such as paraquat, glypho sate, G2G2P (glypho sate2glypho sate2paraquat) , P2P2G (paraquat2
paraquat2glypho sate) and sod cu ltu re reduced the su rface runoff by 47. 7% , 20. 8% , 31. 4% and 41. 3% , 45. 5% ,

respect ively. T he five treatm en ts also reduced the so il lo ss by 52. 4% , 39. 0% , 48. 1% , 50. 7% , and 55. 2% ,

respect ively, and the nu trien t lo ss th rough runoff by 50. 2% , 37. 0% , 41. 8% , 45. 8% , and 60. 3% , respect ively.

A verage so il covers by natu ral vegetat ion 30 days after app licat ion w ith paraquat, glypho sate, G2G2P, P2P2G and tillage

w ithou t herb icide w ere 67. 2% , 30. 3% , 36. 8% , 51. 2% and 55. 1% , respect ively, as compared w ith the sod cu ltu re

m ethod. It show ed that paraquat app licat ions allow to m ain tain a h igher vegetat ion cover resu lt ing in low er so il ero sion,

w h ich is a p rom ising m easu re fo r so il2w ater and so il fert ility p reservat ion.
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1　 In troduction

　A land degrada t ion su rvey show ed tha t 83% of

globa l land deterio ra t ion w as cau sed by so il ero sion.

T he to ta l a rea of degenera ted land w o rldw ide has

accoun ted fo r 15% of to ta l land area, and 60% of tha t

loca ted in trop ica l and sub trop ica l a reas of red so il

zone. F rom now on, m o st of effo rts in g loba l

eco log ica l p reserva t ion w ill be pu t on red so il a rea,

becau se its na tu ra l resou rces and p roduct ion po ten t ia ls

a re m o re than tw o tim es than tha t in the tem pera te

zones. T he reclam at ion of red so il zone w ill no t on ly

tran sfo rm it in to p roduct ion bases of food and

comm ercia l crop s, bu t a lso be ab le to suppo rt 2. 5

b illion poo r residen ts.

　 In Ch ina, red so il zones m ain ly d ist ribu te over 10

sou thern p rovinces and its to ta l a rea is 1. 13 m illion

km 2 accoun t ing fo r 11% of to ta l land area in Ch ina.

T ho se p rovinces have a large popu la t ion of 260 m illion

accoun t ing fo r 23% of the na t iona l to ta l popu la t ion,

and a w ide arab le land of 16 m illion km 2 accoun t ing fo r
15% of to ta l a rab le land area of Ch ina. T hough it has

on ly one six th of arab le land in Ch ina, its gra in

ou tpu t, accoun t ing fo r one th ird of the na t iona l

ou tpu t, cou ld suppo rt one fou rth of the w ho le

popu la t ion of Ch ina. T herefo re a su sta inab le

developm en t of tha t reg ion agricu ltu re w ill p lay an

im po rtan t ro le fo r the w ho le coun try. D ue to its

sub trop ica l and m on soon clim ate, the reg ion has

abundan t fresh w ater, hea t and o ther na tu ra l

resou rces as w ell as huge p roduct ion po ten t ia ls. T he

po ten t ia l clim ate2p roduct ivity ranged from 46 to 54

t·hm - 2·a- 1 in the reg ion, w ere equ iva len t to 2. 63

t im es of tha t in the T h ree R ivers P la in, 2. 66 t im es of

tha t in the L oess P la teau, 1. 28 t im es of tha t in the

H uang, H uai, H ai R ivers P la in. T he reg ion w ith 53

m illion km 2 of h illy land and excellen t socia l geo log ica l

condit ion s fo r sw ift econom ica l developm en t, has

becom e one of the m o st im po rtan t p roduct ion bases of

comm ercia l fo rest and crop s, ra re and p reciou s

Ch inese herba l m edicines, as w ell as gra in s in Ch ina.

How ever, as a resu lt of the long2term irra t iona l

exp lo ita t ion of land resou rces, the eco log ica l

environm en t of the w ho le reg ion has been seriou sly

dam aged by severe land degrada t ion. W ith its 80

m illion km 2 badly eroded farm land and the o ther 19
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m illion km 2 barren t illage, the reg ion has becom e a
severe eroded area, and on ly nex t to the fam ou s L oess

P la teau in N o rtheast Ch ina.

　Zhejiang P rovince is one of the p rovinces w ith the
m o st seriou s p rob lem of la rge popu la t ion and

in sufficien t a rab le land a lthough the na t ion since early
1980’s, a la rge2sca le p rogram of exp lo it ing red so il in

m oun ta inou s area has been carried ou t in o rder to
tran sfo rm them in to comm ercia l w oodland. N ow so il

ero sion rem ain s a very seriou s p rob lem in the

p rovince, becau se too m uch at ten t ion had been paid to

cu lt iva t ion and too less to environm en t p ro tect ion.

A cco rd ing to the genera l su rvey of Zhejiang P rovinces

in 1998, the area w ith seriou s so il ero sion has

accoun ted fo r one fou rth of the p rovince to ta l, and
78% of tha t w as loca ted in m oun ta inou s area. T he

h illy area w ith comm ercia l fo rests is sloppy in

topography and poo r in so il w ater2nu trien t condit ion s

as w ell as frequen t cu lt iva t ing and w eeding, then to
resu lt in a seriou s so il2nu trien t lo ss by runoff.

P reviou s stud ied [ 1, 2 ] show ed tha t a m ajo rity of annual

eroded so il w ears aw ay at 3～ 4 t im es of ra infa ll du ring

the ra iny season. If the so il lo ss by heavy ra in s can be
con tro lled, the situa t ion of so il ero sion can be

im p roved sign if ican t ly. Fo r the above2m en tioned

pu rpo se, som e experim en ts of app lying the herb icides

to con tro l and adju st the w eeds in the w oodland have
been carried ou t so as to m ain ta in a bet ter ba lance

betw een the fru it and w eed as w ell as p ro tect the so il.

T h is repo rt summ arized the resu lts of tw o years
researches.

2　M a ter ia ls and m ethods

2. 1　H ighl ight of exper im en ta l zone
　T he experim en ta l zone w as estab lished a t J in2hua

and Q uzhou Basin situa ted a t m id2w estern part of

Zhejiang P rovince and o ther eastern part of Ch ina.

W h ich loca ted on L at itude from 28°15′N to 29°41′N ,

L ongitude from 118°15′E to 120°47′E; and an alt itude

of 45～ 70 m ; as w ell as w ith a to ta l annual ra infa ll of
1676. 7 mm ; to ta l annual evapo ra t ion of 838. 6 mm
(E601) ; annual average tem pera tu re of 17. 7℃; to ta l

annual accum u la ted tem pera tu re (≥10℃) of 5534℃;

F ro st free days w ere abou t 261 d. T he zone has a

typ ica l sub trop ica l and m on soon clim ate and p len ty of
undu la ted land su rface. T he so il in the reg ion are

classif ica ted as Q 2 red so il derived from the 4th Epoch

red clay w ith a pH of 4. 85, to ta l N of 0. 24 g·kg- 1,

to ta l P 2O 5 of 0. 17 g · kg- 1, to ta l K 2O of 12. 4

g·kg- 1, CEC 8. 71 of cm o l·kg- 1; and red sandy so il

derived from the 3 rd Epoch red gritstone w ith a pH of
4. 81, to ta l N of 0. 37 g·kg- 1, to ta l P 2O 5 of 0. 21

g·kg- 1, to ta l K 2O of 9. 13 g·kg- 1, and CEC of 8. 50

cm o l·kg- 1; T he slope land had been degraded badly
and belongs to the degraded red so il w ith h igh acid ity

and low nu trien ts.

2. 2　Exper im en ta l design
　T he so ils in the experim en ts w ere selected as red

so il and sandy red so il, is covered a distance of 100 km

in the east2to2w est d irect ion. T h ree loca t ion s w ith

d ifferen t slopes w ere selected as fo llow s: tw o slopes of
8°and 13°w ith N S slope, and one slope of 25°w ith

W E direct ion in con tou r sandy red so il. Each p lo t w as

p lan ted w ith six Pom elo trees w ith a tree age of 9

years o ld in sandy red so il o rchard and 5 years o ld in
red so il o rchard. P lo t size w as 5. 5～ 6. 5 m in w id th
(para llel to con tou r line ) and 17～ 23 m in length
(vert ica l to con tou r line) coveringan area of 110～ 125

m 2 per p lo t. R efracto ry b rick w alls w ere bu ild around.

A lso , a t the bo t tom of each p lo t, a w ater2co llect ing

tank w ith a size of 1m w ide and 1 m long w as bu ilt,

w h ich a sw itch and a gauging m eter connected to a
dra inage line. T he invest iga t ion, and w ater sam p ling

and fresh m ud2sand w eigh t ing began on the 1st Sep t,

2001 and w as carried2ou t after each runoff even t.

2. 3　Exper im en ta l trea tm en t and ana lysis
　Six trea tm en ts includ ing t illage w ithou t herb icide,

sod cu ltu re, paraquat, g lypho sa te, G2G2P
( g lypho sa te2glypho sa te2paraquat ) and P2P2G
(paraquat2paraquat2glypho sa te) w ere estab lished w ith

a com p letely random ized b lock design and th ree

rep lica t ion s. H erb icide app lica t ion s, t illage and

m u lch ing w ere carried ou t a t each end of A p ril, June
and A ugu st. 20% paraquat w as app lied a t 3 kg·hm - 2

and 10% glypho sa te a t 12 kg·hm - 2. T he G2G2P w as

tw ice t im es of g lypho sa te and the sam e as paraquat,

and P2P2G w as tw ice t im es of paraquat and the sam e
as g lypho sa te. T he t illage w ithou t herb icide w as on

cu lt iva t ing and w eed k illing, and no w eed k illing w as

fo r sod cu ltu re trea tm en t. T he invest iga t ion included
the effect on w ater and so il lo ss, the evo lu t ion of w eed

flo ra, the varia t ion of so il fert ility and the effects on

the grow th and ou tpu t of fru its. A fter each runoff

even t, w e w ater sam p les and m ud2sand co llected from
the trap s. T he sam p les of w ater and so il w as

m easu red fo r the w eigh t of the su spended load and

tract iona l load con ta ined, and nu trien ts con ten ts in

so il, acco rd ing to " Fo rest So il A nalysis M ethod "

pub lished by the Sta te Fo rest Bu reau (L YöT 12102
127521999).
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3　Results and ana lys is

3. 1　 Inf luence of herb ic ide on surface runoff
　 In the p resen t study, sta t ist ics of the 3 experim en ts
show ed tha t the average annual runoff w as 33. 2

m 3öhm 2 fo r t illage w ithou t herb icide, 18. 1 m 3öhm 2 fo r

sod cu ltu re, 17. 4 m 3öhm 2 fo r paraquat, 26. 3 m 3öhm 2

fo r g lypho sa te, 22. 8 m 3öhm 2 fo r G2G2P, 19. 5 m 3öhm 2

fo r P2P2G. If the runoff ra te of the t illage w ithou t

herb icide is g iven as 100% , the rela t ive figu res of sod

cu ltu re, paraquat, g lypho sa te, G2G2P and P2P2G
w ere respect ively 54. 5% , 52. 3% , 79. 2% , 68. 6%

and 58. 7% ( tab le 1). A lso physica l characters of so il

cou ld influence the runoff ra te. In the experim en ts,

the runoff ra te in sandy red so ilw as low er than tha t of

the o ther tw o tests in red so il. It m ay be cau sed by the

h igher sand con ten t in sandy red so il and its con tou r

cropp ing pat tern. T h is resu lt w as clo sely rela ted w ith
the p reviou s stud ies[ 3～ 6 ].

Table 1　Effects of herbic ide on so il loss in red so il h illy orchards

T reatm ent

Red so il 1 (8°)

Runoff
öm 3·hm 22

E ro sion
öt·hm 22

Red so il 2 (13°)

Runoff
öm 3·hm 22

E ro sion
öt·hm 22

Sandy red so il 3 (25°)

Runoff
öm 3·hm 22

E ro sion
öt·hm 22

Runoff

öm 3·hm 22 Relative
changeö%

E ro sion

öt·hm 22 Relative
changeö%

T illage w ithout
herb icide

23. 9 76. 4 53. 4 230. 6 22. 5 196. 5 33. 2 100 167. 8 100

Sod cultu re 15. 5 26. 0 29. 9 76. 1 9. 0 123. 7 18. 1 54. 5 75. 2 44. 8

Paraquat 14. 2 29. 8 28. 1 92. 2 10. 1 117. 9 17. 4 52. 3 80. 0 47. 6

Glypho sate 19. 1 41. 6 40. 5 123. 4 19. 5 142. 5 26. 3 79. 2 102. 5 61. 0

G2G2P 17. 0 33. 0 35. 2 98. 8 16. 2 129. 6 22. 8 68. 6 87. 1 51. 9

P2P2G 15. 0 31. 2 30. 4 95. 2 13. 1 121. 8 19. 5 58. 7 82. 7 49. 3

　3 N o te: T est t im e: from the 1st Sep t, 2001 to the 31st A ug, 2003; the sam e as fo llow s.

A nnual rainfall: 1634. 4 mm fo r red so il and 1863. 0 mm fo r sandy red so il.

3. 2　Effects of herb ic ides on so il erosion
　 T he h illy o rchards have abundan t sun sh ine and

hea t, w ell ven t ila t ion and fluen t dra inage. A s w ell as

less po llu t ion of pest icide o r chem ica l fert ilizer
com pared w ith the p la in area. In th is regard, it can

easily be developed as p roduct ion bases of green foods

and o rgan ic foods. How ever, due to its ro lling

landfo rm , the reg ion w ill be easily suffered from so il
ero sion w hen the su rface vegeta t ion layer destroyed.

T ab le 1 show ed tha t in the red so il o rchards w ith 8°
and 13°a long2slopes the trea tm en ts of paraquat,

g lypho sa te, sod cu ltu re, G2G2P and P2P2G reduced

theannual so il ero sion ra te to 30%～ 50% of trad it iona l

t illage w ithou t herb icide. In the 25°con tou r o rchards

of sandy red so il, the above2m en tioned th ree
trea tm en ts cou ld reduce the ero sion ra te by abou t 1ö3.

Genera lly, as paraquat app lied, T he average so il

ero sion ra te w as est im ated a t 80. 0 t · km - 2 w ith

paraquat as com pared w ith 167. 8 t·km - 2 w ith t illage
w ithou t herb icide. T he figu res w ith trea tm en t of

g lypho sa te, sod cu ltu re, G2G2P and P2P2G w ere
102. 5, 75. 2, 87. 1 and 82. 7 t·km - 2, respect ively.

T he ero sion ra te cou ld be reduced by 52. 4% , 39. 0% ,
55. 2% , 48. 1% and 50. 7% , respect ively, in com par2
ison w ith trad it iona l t illage w ithou t herb icide (167. 8

t·km - 2). O vera ll the tw o k inds of herb icides cou ld

p roduce equ iva len t effects as the sod cu ltu re.
3. 3　Effects of herb ic ides on so il nutr ien t losses
　T he red so il reg ion has an abundan t na tu ra l w ater

and hea t resou rces, rap id o rgan ism 2grow ing cycle,

and h igh p roduct ion po ten t ia ls. How ever, due to its

ro lling landfo rm , huge and focu sed ra infa ll, as w ell as

irra t iona l land u se, w ater and so il lo ss happened

frequen t ly resu lt ing in the so il nu trien ts lo ss. A s a
resu lt, the lack of w ater and nu trien t has becom e the

key in terfering facto r fo r the su sta inab le developm en t

of the w ho le area agricu ltu re [ 7 ]. T he con serva t ion of
w ater and so il cou ld b reak the barrier of w ater and

nu trien t lo ss. In the experim en ts, the so il n it rogen

lo sses in the trea tm en t of sod cu ltu re, paraquat,

g lypho sa te, G2G2P and P2P2G trea tm en ts reduced by
59. 2% , 44. 3% , 29. 6% , 35. 2% and 40. 0% ,

respect ively. A s fo r so il P 2O 5, the co rresponden t

figu res w ere 64. 6% , 51. 0% , 45. 6% , 48. 0% and
49. 8% , respect ively, w h ile fo r K2O w ere 60. 2% ,
50. 5% , 27. 2% , 42. 0% and 46. 0% , respect ively, as

com pared w ith t illage w ithou t herb icide. In average,

the N , P, K nu trien ts pu t together w ere 60. 3% ,

50. 2% , 37. 0% , 41. 8% and 45. 8% , respect ively.

T he effect iveness of paraquat w as sign if ican t ly bet ter

than tha t of g lypho sa te ( tab le 2).
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Table 2　Effects of herbic ide on preven ting nutr ien t losses in h illy red so il orchards

T reatm ent
N ökg·km 22

1 2 3 m ean

P2O 5ökg·km 22

1 2 3 m ean

K2O ökg·km 22

1 2 3 m ean

T illage w ithout herb icide 53. 3 158. 4 249. 2 153. 6 50. 7 150. 9 49. 3 83. 6 1485 4426 1980 2630

Sod cultu re 16. 5 49. 5 122. 0 62. 7 14. 6 43. 5 30. 7 29. 6 472 1408 1131 1047

Paraquat 25. 3 75. 4 155. 7 85. 5 20. 4 61. 1 41. 4 41. 0 623 1861 1408 1301

Glypho sate 30. 5 91. 0 202. 8 108. 1 24. 7 74. 2 37. 5 45. 5 872 2604 1766 1651

G2G2P 28. 4 85. 0 185. 3 99. 6 23. 1 69. 1 38. 4 43. 5 780 2331 1640 1526

P2P2G 26. 7 79. 8 169. 7 92. 1 21. 6 64. 7 39. 6 42. 0 698 2048 1532 1420

3. 4　Effects of herb ic ide on weed f lora
　T he natu ra l w eeds have its advan tages in species
d iversity, good resistance to environm en ta l st ress,

fast g row th, h igh yield, m u lt ip le pu rpo ses and longer
life cycle. Exp lo it ing of na tu ra l w eeds m ay be an
ind ispen sab le m easu re to p reven t so il ero sion, recover
so il fert ility, and im p rove the eco log ica l condit ion s in
the reg ion. W h ile sod cu ltu re in the o rchard w ou ld be
a p ract icab le m ethod based on com b in ing exp lo ita t ion
w ith so il2w ater p reserva t ion and the app lica t ion
chem ica l of herb icide cou ld be an even m o re efficien t
m easu re, fo r t im e and labo r saving, h igh ly efficien t,

inexpen sive and long2term residue effects, as w ell as
no t to be suffered from the bad w eather such as
con t inuou s ra infa ll, and no t any dam age to so il
st ructu re. T herefo re the m odern agricu ltu re cou ld no t
be apart from them. If the advan tages of bo th the
w eed and herb icide can be jo in t ly u t ilized, the land
degrada t ion w ill be m uch relieved. In the ra iny
season s, let the w eed grow to m ain ta in so il, and to
k ill them in the drough t season fo r bet ter grow th of
fru its and fo rests. T he ob serva t ion s a t f irst part of the
experim en t show ed tha t the h illy reg ion had a
num erou s species of w ild w eeds includ ing 96 species
from 27 fam ilies as the reg ion w as loca ted a t a
t ran sit iona l zone betw een p la in s and m oun ta in s. T he
roo t system s of 39 w eed species from 17 fam ilies cou ld
be infected w ith the VA fungu s a t d ifferen t ex ten ts,

and a grea t dea l of research [ 8～ 12 ] has confirm ed tha t the
fungal hyphae in cit ru s roo ts p lay an im po rtan t ro le
fo r pho spho r up take. Fo r th is reason, a variety of
w eeds shou ld be m ain ta ined in the o rchards as long as
the p roduct ion is no t affected. T he m easu rem en t of
w eed regenera t ion ra te show ed tha t, af ter 30 days
from app lying the herb icides, the w eed regenera t ion
ra t io s of the w eed w ith app lica t ion of paraquat, t illage
w ithou t herb icide, g lypho sa te, G2G2P and P2P2G
w ere 67. 2% , 55. 1% and 30. 3% , 36. 8% and
51. 2% , respect ively. T h is ind ica ted a qu icker and
m o re com p lete recovery of the w eed flo ra fo llow ing the
app lica t ion s of paraquat as com pared w ith g lypho sa te
(F ig. 1).

F ig. 1　Effects of herb icide on aftergrass of w eed

4　Conclusion s and d iscuss ion

4. 1　Conclusion s
　1) T he app lica t ion of herb icides in the h illy red so il
o rchards cou ld efficien t ly con tro l the w ater and so il

lo ss. T he app lica t ion s of paraquat, g lypho sa te, sod

cu ltu re, G2G2P and P2P2G cou ld reduce the su rface

runoff ra te by 47. 7% , 20. 8% , 45. 5% , 31. 4% and
41. 3% from that of the trad it iona l t illage w ithou t

herb icide, respect ively. In addit ion to tha t, the

figu res fo r so il ero sion ra tes w ere 52. 4% , 39. 0% ,

55. 2% , 48. 1% and 50. 7% , respect ively. A s fo r the
p reven t ion of so il and w ater lo sses, paraquat m ay be

the sam e u sefu l as sod cu ltu re and bet ter than

glypho sa te.

　 2 ) In h illy red so il o rchards, the trea tm en ts of

paraquat, g lypho sa te, sod cu ltu re, G2G2P and P2P2G
reduced so il nu trien t lo sses by 50. 2% , 37. 0% ,

60. 3% , 41. 8% and 45. 8% respect ively as com pared
w ith t illage w ithou t herb icide, w h ich m ay resu lt in

im p roved so il fert ility and bet ter yield in the long

term.

　 3 ) T he w eed regenera t ion ra te, paraquat,

g lypho sa te, t illage w ithou t herb icide, G2G2P and P2P2
G are ab le to get the w eed recovered to 67. 2% ,

30. 3% , 55. 1% , 36. 8% and 51. 2% com pared w ith

sod cu ltu re. W eed recovered faster and m o re
com p letely in the p lo ts t rea ted w ith paraquat as

com pared w ith g lypho sa te. T h is m ay exp la in the

low er runoff and so il lo ss in tho se p lo ts.
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4. 2　D iscussion
　 F ive k inds of Glypho sa te2resistan t w eeds w ere

tested in the o rchard. T hey are E rigeron canaden sis

and Conyza bonarien sis from ch rysan them um fam ily
and po lygonum lapath ifo lium and po lygonum

lapath ifo lium from po lygonaceae fam ily, and A calypha

au stra lis from eupho rb iaceae fam ily. It no ted tha t

E rigeron canaden sis and po lygonum lapath ifo lium
w ere m ain ly grow n in red so il o rchard, w h ile conyza

bonarien sis and aca lypha au stra lis w ere m ain ly grow n

in red sandy so il o rchard. How ever, no resistance

w eed again st paraquat has ever been discovered up to
now. U sing G2G2P and P2P2G cou ld get bet ter w eed2
k illing effects. It suggests tha t grea t a t ten t ion shou ld

be paid to app lying differen t m easu res a lterna tely in
p roduct ion. F ina lly, the actua l m echan ism of th is

resistance shou ld be fu rther stud ied.
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不同自然植被管理措施对红壤丘陵果园水土流失的影响

水建国1, 柳　俊2, 廖根清3, 程岩兴1, 区越富4, 周权康4, A lla rd Jean2lou is5

(1. 浙江省农业科学院土肥所, 杭州 310021; 　2. 浙江大学城市学院, 杭州 310015; 　3. 浙江省金华市婺城区土肥站, 金华 321000;

4. 先正达中国投资有限公司, 上海 200041; 　5. Syngen ta A sia Pacific P te L td 250 N o rth B ridge Road, 179101 Singapo re)

摘　要: 丘陵是“山—丘—谷”的过渡地带, 生态系统脆弱, 一旦植被遭破坏, 极易水土流失。在红壤丘陵园地应用除草剂调
控水土流失试验结果表明: 与传统的清耕法相比, 克无踪、草甘膦、草草克、克克草和生草法可使地表径流量分别减少
47. 7% , 20. 8% , 31. 4% , 41. 3%和 45. 5% ; 可使土壤侵蚀量分别减少 52. 4% , 39. 0% , 48. 1% , 50. 7%和 55. 2% ; 可使土壤
养分分别减少 50. 2% , 37. 0% , 41. 8% , 45. 8%和 60. 3%。除草剂对杂草再生率影响, 与生草法比较, 克无踪可达 67. 2% , 草
甘膦达 30. 3% , 草草克 36. 8% , 克克草 51. 2% 和清耕法 55. 1% ; 克无踪调控杂草效果分别是草甘膦的 2. 2 倍, 清耕法的1. 2

倍。克无踪调控杂草效果显著, 有望成为红壤丘陵园地培肥与水保相得益彰的有效措施。
关键词: 植被管理; 除草剂; 水土流失; 丘陵果园; 红壤
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