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Abstract: The effect of managing the natural vegetationw ith different m echanical and chemical m ethods to minim ize runoff
and il erosion in the red il hilly orchardsw as investigated T he traditional tillagew ithout herbicide practiced by famers
resulted in 33 2 m3/hm? runoff and 167 8 t- km™ ® il loss per year The managanent of natural vegetation w ith
sequential herbicide treatments such asparaquat, glyphosate, G-G-P (glyphosate-glyphosate-paraquat), P-P-G (paraquat-
paraquat-glyphosate) and sod culture reduced the surface runoff by 47 7%, 2Q 8%, 31 4% and 41 3%, 45 5%,
repectively The five treaments al® reduced the il loss by 52 4%, 39 0%, 48 1%, 50 7%, and 55 2%,
repectively, and the nutrient loss through runoff by 50 2%, 37 0%, 41 8%, 45 8%, and 60 3%, regectively.
A verage il covers by natural vegetation 30 days after gpplication w ith paraquat, glyphosate, G-G-P, P-P-G and tillage
w ithout herbicide were 67 2%, 30 3%, 36 8%, 51 2% and 55 1%, regectively, as compared with the sod culture

method It showed that paraquat gpplications allow to maintain a higher vegetation cover resulting in low er il erosion,
w hich isapromisingmeasure for sil-w ater and il fertility preservation
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1 Introduction

A land degradation survey showed that 83% of
global land deterioration was caused by il erosion
The total area of degenerated land worldwide has
acoounted for 15% of total land area, and 60% of that
located in tropical and subtropical areas of red il
one From now on, most of efforts in global
ecological preservation will be put on red il area,
because its natural resources and production potentials
are more than two tmes than that in the tenperate
zones The reclanation of red il zonew ill not only
transform it into production bases of food and
commercial crops, but also be able to support 2 5
billion poor residents

In China, red il zones mainly distribute over 10
outhern provinces and its total area is 1 13 million
km? accounting for 11% of total land area in China
Those provinces have a large population of 260 miillion
acoounting for 23% of the national total population,
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and aw ide arable land of 16million km? accounting for
15% of total arable land area of China Though it has
only one sixth of arable land in China, its grain
output, acoounting for one third of the national
output, oould support one fourth of the whole
population of China Therefore a sustainable
development of that region agriculture will play an
important role for the whole country. Due to its
subtropical and monsoon climate, the region has
abundant fresh water, heat and other natural
resources asw ell as huge production potentials The
potential clmate-productivity ranged from 46 to 54
t- hm 2 a ' in the region, were equivalent to 2 63
timesof that in the Three Rivers Plain, 2 66 times of
that in the Loess Plateau, 1 28 times of that in the
Huang, Huai, Hai Rivers Plain The region with 53
million km?of hilly land and excellent social geological
conditions for swvift economical development, has
becom e one of themost mportant production bases of
commercial forest and crops, rare and precious
Chinese herbal medicines, aswell as grains in China
However, as a result of the long-term irrational
exploitation of land resources, the ecological
environrment of the whole region has been seriously
damaged by severe land degradation W ith its 80
million km? badly eroded famland and the other 19
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million km? barren tillage, the region has become a
severe eroded area, and only next to the fanousL oess
Plateau in Northeast China

Zhejiang Province is one of the provincesw ith the
most serious problen of large population and
insufficient arable land although the nation since early
1980's, a large-scale program of exploiting red il in
mountainous area has been carried out in order to
transform them into commercial woodland Now il
erosion ramains a very serious problem in the
province, because too much attention had been paid to
cultivation and too less to environment protection
A ccording to the general survey of Zhejiang Provinces
in 1998, the area with serious =il erosion has
accounted for one fourth of the province total, and
78% of that was located in mountainous area The
hilly area with commercial forests is sloppy in
topography and poor in il water-nutrient conditions
aswell as frequent cultivating and w eeding, then to
result in a serious il-nutrient loss by runoff.
Previous studied'"? showed that amajority of annual
eroded vilwearsavay at 3 4 timesof rainfall during
the rainy season If the il loss by heavy rains can be
ocontrolled, the situation of il erosion can be
mproved significantly =~ For the abovementioned
purpose, some experimentsof gpplying the herbicides
to control and adjust thew eeds in the woodland have
been carried out © as to maintain a better balance
betw een the fruit andw eed asw ell asprotect the il
This report summarized the results of two years
researches

2 M ater ialsand methods

2 1 Highlight of exper mental zone

The experimental zone w as established at Jin-hua
and Quzhou Basin situated at mid-western part of
Zhejiang Province and other eastern part of China
W hich located on L atitude from 28°15'N to 29°41'N,
L ongitude from 118°15'E to 120°47'E; and an altitude
of 45 70m; aswell asw ith a total annual rainfall of
1676 7 mm; total annual evaporation of 838 6 mm
(E601); annual average temperature of 17 7 ; total
annual accumulated temperature (= 10 ) of 5534 ;
Frost free days were about 261 d The zone has a
typical subtropical and monsoon climate and plenty of
undulated land surface The il in the region are
classificated as Q2 red il derived from the 4" Epoch
red clay with apH of 4 85, totalN of Q 24 g- kg *,
total POs of Q 17 g- kg ', total KO of 12 4
g- kg ', CEC 8 71of anol- kg %, and red sandy il

derived from the 3 rd Epoch red gritstonew ith apH of
4 81, total N of Q 37 g- kg !, total POsof Q 21
g- kg !, total KO of 9 13g- kg ', and CEC of 8 50
anol- kg % The slope land had been degraded badly
and belongs to the degraded red il with high acidity
and low nutrients
2 2 Exper mental design

The oils in the experiments were selected as red
il and sandy red il, iscovered a distance of 100 km
in the east-to-west direction Three locations with
different slopesw ere selected asfollow s two slopesof
8° and 13°w ith N S slope, and one slope of 25°w ith
W E direction in contour sandy red il Each plotwas
planted with six Pomelo trees with a tree age of 9
yearsold in sandy red il orchard and 5 yearsold in
red il orchard Plot sizewasS 5 6 5m inwidth
(parallel to contour line) and 17 23 m in length
(vertical to contour line) coveringan areaof 110 125
m?per plot Refractory brick w allsw ere build around
A |, at the bottom of each plot, awater-collecting
tank w ith a size of Im wide and 1 m long w as built,
which a svitch and a gauging meter connected to a
drainage line The investigation, and w ater sampling
and fresh mud-sand w eighting began on the 1st Sept,
2001 and w as carried-out after each runoff event
2 3 Exper mental treament and analysis

Six treatments including tillage w ithout herbicide,
od culture, paraguat, glyphosate, G-G-P
( glyphosate-glyphosate-paraquat ) and P-P-G
(paraquat-paraquat-glyphosate) w ere established w ith
a completely randomized block design and three
replications Herbicide applications, tillage and
mulching w ere carried out at each end of April, June
and A ugust 20% paraquatw as applied at 3kg- hm™?
and 10% glyphosate at 12 kg- hm™ % The G-G-Pwas
tw ice times of glyphosate and the same as paraquat,
and P-P-G was tw ice times of paraquat and the same
as glyphosate T he tillage without herbicide was on
cultivating and w eed killing, and no weed killing w as
for =od culture treatment T he investigation included
the effect on w ater and il loss, the evolution of w eed
flora, the variation of il fertility and the effects on
the grow th and output of fruits A fter each runoff
event, wew ater samples and mud-sand collected from
the trgps The samples of water and il was
measured for the weight of the sugpended load and
tractional load contained, and nutrients contents in
il, acoording to " Forest Soil A nalysis M ethod "
published by the State Forest Bureau (LY /T 1210-
1275-1999).

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



44 Vol 19, No 5

T ransactionsof the CSA E

Sept 2003

3 Reaultsand analysis

3 1 Influence of herbicide on surface runoff

In the present study, statisticsof the 3 experiments
showed that the average annual runoff was 33 2
m®/hm? for tillagew ithout herbicide, 18 1m®/hm?®for
wod culture, 17 4m®/hm?for paraquat, 26 3m?®/hm?
for glyphosate, 22 8m°®/tm?*for G-G-P, 19 5m®/hm?
for P-P-G If the runoff rate of the tillage w ithout
herbicide is given as 100%, the relative figuresof sod

culture, paraquat, glyphosate, G-G-P and P-P-G
were regectively 54 5%, 52 3%, 79 2%, 68 6%
and 58 7% (table 1). A I physical characters of il
oould influence the runoff rate In the experiments,
the runoff rate in sandy red oilw as low er than that of
the other two testsin red il Itmay be caused by the
higher sand content in sandy red il and its contour
cropping pattern This result was closely related w ith

the previous studies™ °.

Table 1 Effectsof herbicide on soil loss in red soil hilly orchards

Red il 1(8°) Red il 2(13°) Sandy red il 3(25°) Runoff Erosion
Treament Runoff Erosion Runoff Erosion Runoff Erosion e T— Relative /i tm? Relative
/M3 m? /- m?2  /m> m? /- m? m® m? /i hm? change/% change/%
T"fi’ﬁ)‘;‘;’;zo”t 239 76 4 53 4 230 6 225 196 5 332 100 167. 8 100
Sod culture 155 26 0 29 9 76 1 90 123 7 181 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
Glyphosate 19 1 41 6 40 5 123 4 19 5 142 5 26 3 79 2 102 5 61 0
G-G-P 17. 0 330 35 2 98 8 16 2 129 6 22 8 68 6 87 1 51 9
P-P-G 15 0 312 30 4 95 2 131 121 8 19 5 58 7 82 7 49 3

* Note Test tine from the 1% Sept, 2001 to the 31%A ug, 2003; the same asfollow's
A nnual rainfall: 1634 4mm for red =il and 1863 Omm for sandy red il

3 2 Effectsof herbicideson s0il erosion

The hilly orchards have abundant sunshine and
heat, well ventilation and fluent drainage A swell as
less pollution of pesticide or chanical fertilizer
compared w ith the plain area In this regard, it can
easily be developed asproduction basesof green foods
and organic foods However, due to its rolling
landform, the region w ill be easily suffered from il
erosion w hen the surface vegetation layer destroyed
Table 1 showed that in the red il orchardsw ith 8°
and 13° along-slopes the treatments of paraguat,
glyphosate, =d culture, G-G-P and P-P-G reduced
theannual il erosion rate to 30% 50% of traditional
tillage w ithout herbicide In the 25° contour orchards
of sandy red oil, the abovementioned three
treatments could reduce the erosion rate by about 1/3
Generally, as paraquat applied, The average il
erosion rate was estinated at 80 0 t- km™ ? with
paraquat as comparedw ith 167 8 t- km™ *wiith tillage
w ithout herbicide The figures with treatment of
glyphosate, sd culture, G-G-P and P-P-G were
102 5, 75 2, 87 1and 82 7 t- km ?, regectively.
T he erosion rate could be reduced by 52 4%, 39 0%,
55 2%, 48 1% and 50 7%, regectively, in compar-
ison w ith traditional tillage w ithout herbicide (167 8
t- km™ %). Overall the wo kinds of herbicides could

produce equivalent effects as the sod culture
3 3 Effectsof herbicideson soil nutrient losses
The red il region has an abundant natural w ater
and heat resurces, rgpid organisn-grow ing cycle,
and high production potentials However, due to its
rolling landform, huge and focused rainfall, asw ell as
irrational land use, water and il loss happened
frequently resulting in the il nutrients loss As a
result, the lack of water and nutrient has become the
key interfering factor for the sustainable development
of thewhole area agriculture'”. The conservation of
w ater and il ocould break the barrier of water and
nutrient loss In the experments, the il nitrogen
losses in the treatment of sd culture, paraquat,
glyphosate, G-G-P and P-P-G treatments reduced by
59 2%, 44 3%, 29 6%, 35 2% and 40 0%,
repectively. As for il PLOs, the oorrepondent
figures were 64 6%, 51 0%, 45 6%, 48 0% and
49 8%, regectively, while for KO were 60 2%,
50 5%, 27 2%, 42 0% and 46 0%, regectively, as
compared w ith tillage w ithout herbicide In average,
the N, P, K nutrients put together were 60 3%,
50 2%, 37 0%, 41 8% and 45 8%, regectively.
T he effectiveness of paragquat w as significantly better
than that of glyphosate (table 2).
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Table 2 Effectsof herbicide on preventing nutrient losses in hilly red soil orchards
N /kg- km™2 P0s/kg: km™ K20 /kg- km?

T reatment
1 2 3 mean 1 2 3 mean 1 2 3 mean
Tillagewithout herbicide 533 158 4 2492 153 6 50 7 1509 493 83 6 1485 4426 1980 2630
Sod culture 16 5 49 5 122 0 62 7 14 6 43 5 307 29 6 472 1408 1131 1047
Paraguat 25 3 754 1557 855 20 4 61 1 41 4 410 623 1861 1408 1301
Glyphosate 305 910 2028 1081 24 7 74 2 375 45 5 872 2604 1766 1651
G-G-P 28 4 85 0 185 3 99 6 231 69 1 38 4 43 5 780 2331 1640 1526
P-P-G 26 7 79 8 169 7 921 21 6 64 7 39 6 42 0 698 2048 1532 1420

3 4 Effectsof herbicide on weed flora

The natural weeds have its advantages in ecies
diversity, good resistance to environmental stress,
fast grow th, high yield, multiple purposes and longer
life cycle Exploiting of natural weeds may be an
indigpensablemeasure to prevent il erosion, recover
il fertility, and mprove the ewlogical conditions in
the region W hile sod culture in the orchard would be
a practicable method based on combining exploitation
with silwater preservation and the agpplication
chamical of herbicide could be an even more efficient
measure, for time and labor saving, highly efficient,
inexpensive and long-tem residue effects, aswell as
not to be suffered from the bad weather such as
continuous rainfall, and not any damage to il
structure T herefore themodern agriculture could not
be gpart from them. If the advantages of both the
weed and herbicide can be jointly utilized, the land
degradation will be much relieved In the rainy
seaons, let theweed grow to maintain il, and to
kill than in the drought season for better grow th of
fruits and forests Theobservationsat first part of the
experment showed that the hilly region had a
numerous ecies of wild weeds including 96 gecies
from 27 families as the region was located at a
transitional zone betw een plains and mountains The
root systam sof 39w eed gpeciesfrom 17 fanilies could
be infected with the VA fungus at different extents,
and a great deal of research'® **' has confimed that the
fungal hyphae in citrus roots play an important role
for phogphor uptake For this reaon, a variety of
w eeds should bemaintained in the orchards as long as
the production is not affected The measuranent of
weed regeneration rate showed that, after 30 days
from applying the herbicides, the weed regeneration
ratiosof thew eedw ith gpplication of paraquat, tillage
w ithout herbicide, glyphosate, G-G-P and P-P-G
were 67 2%, 55 1% and 3Q 3%, 36 8% and
51 2%, respectively. This indicated a quicker and
more comp lete recovery of thew eed flora follow ing the
applications of paraquat as compared w ith glyphosate
(Fig 1).

120 ¢ 8 Tillage without herbicide B Sod culture

B Paraquat @Glyphosate ®G-G-P & P-P-G
100 |
80
60 |

10

After grass ratio/%

20

0
Red soil 2

Red soil |

Fig 1 Effectsof herbicide on aftergrassof w eed

4 Conclusionsand discussion

4 1 Conclusions

1) The application of herbicides in the hilly red il
orchards could efficiently control the water and il
loss The agpplications of paraquat, glyphosate, sod
culture, G-G-P and P-P-G oould reduce the surface
runoff rate by 47 7%, 20 8%, 45 5%, 31 4% and
41 3% from that of the traditional tillage without
herbicide, resgpectively. In addition to that, the
figures for il erosion rateswere 52 4%, 39 0%,
55 2%, 48 1% and 5Q 7%, regectively. A sfor the
prevention of il and water losses, paraquat may be
the same useful as =d culture and better than
glyphosate

2) In hilly red il orchards, the treatments of
paraquat, glyphosate, sod culture, G-G-P and P-P-G
reduced il nutrient losses by 50 2%, 37 0%,
60 3%, 41 8% and 45 8% regectively as compared
w ith tillage without herbicide, which may result in
mproved il fertility and better yield in the long
tem.
3) The weed regeneration rate, paraguat,
glyphosate, tillagew ithout herbicide, G-G-P and P-P-
G are able to get the weed recovered to 67 2%,
3Q 3%, 55 1%, 36 8% and 51 2% compared w ith
od culture Weed recovered faster and more
completely in the plots treated with paraquat as
compared with glyphosate This may explain the
low er runoff and il loss in those plots
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4 2 D iscussion

Five kinds of Glyphosate-resistant weeds were
tested in the orchard They are Erigeron canadensis
and Conyza bonariensis from chrysanthemum family
and polygonum lagpathifolium and polygonum
lapathifolium from polygonaceae fanily, and A calypha
australis from euphorbiaceae family. It noted that
Erigeron canadensis and polygonum lgpathifolium
weremainly grown in red il orchard, while conyza
bonariensis and acalypha australisw ere mainly grown
in red sandy il orchard However, no resistance
w eed against paraquat has ever been discovered up to
now. U sing G-G-P and P-P-G oould get better w eed-
killing effects It suggests that great attention should
be paid to applying different measures alternately in
production Finally, the actual mechanisn of this
resistance should be further studied
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