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可使用的研究

《减少草坪农药径流的最佳管理措施》
常识性方法可以大大降低水污染风险。
作者：B.E. 布拉纳姆、F.Z. 坎迪尔和 J. 穆勒

过
去 40 年中高尔夫管理

取得了长足进步，使

得高尔夫球场管理者

能够获得优良的草坪质量。然而，

实现极高水平的草坪质量需要大量

投入，包括化肥、灌溉、追肥、种

植、润湿剂、生物激活剂和农药。

尽管追肥、栽培和润湿剂等做法被

认为对环境无害，但是由于其中化

肥和农药可以游离出草坪并进入地

下水和地表水，因此这些产品广受

关注。

草坪农药浸出已有深入研究。1,5,6,9 
尽管农药浸出是行栽作物中的主要

问题，但农药从草坪中浸出的风险

比之前所认为的要小得多。草坪农

药浸出比起行栽作物的问题要小得

多，主要原因有两个。

首先，与行栽作物农业相比，美

国所有高尔夫球场经农药处理的种

植面积不过是九牛一毛。据美国国

家高尔夫基金会的报告，截至 2002 
年底，美国有 14725 个 18 洞高尔

夫球场等量的设施。如果我们假设

每个高尔夫球场平均包含 3 英亩

果岭、5 英亩发球台和 30 英亩球

道，那么在美国施用农药的高尔夫

球场总数（粗草区通常几乎不施用

农药，虽然可以控制杂草）总共为 

559550 英亩。这个总面积比伊利诺

伊州中部一个普通县种植的玉米和

大豆总面积还要少。2001 年，全

国大约有 7575.2 万英亩土地种植玉

米，而大豆种植面积为 7410.5 万英

亩。其中大多数都施用了农药。美

国所有集约管理高尔夫球场的总面

积甚至不足美国这两大作物种植面

积的 0.4％。

农药浸出对草坪的风险较小，其

原因之二是草坪本身。USGA 资助

的前期研究项目细查了草坪对农药

运动和降解的影响。2,3,4 我们发现，

相同农药农药施用于草坪与施用

于裸露土壤相比，浸出降低、 

降解率提高（行栽作物的常见 

做法）。

这两个差异导致许多人得出结

论，认为草坪草农药的地下水污染

风险很低，但并不是不存在。适当

的管理仍然是关键。在某些场地，

特别是沙质土壤、浅层地下水和靠

近水体的地方，草坪管理者需要慎

重选择所使用的农药。

但是，农药的径流是完全不同的

问题。什么是径流呢？径流是一种

自然事件，当雨水或灌溉水超出土

壤/草坪的吸收能力时就会产生径

流。这一现象相当普遍。根据土壤

类型、坡度等，可能经常发生在

特定场地地点发生，也可能很少发

生。径流本身并不是坏事，但当径

流含有农药、营养物质或其他污染

物时，就可能会出现问题。

农药浸出大多会对地下水造成威

胁（虽然使用空心砖排水渠也可能

会因为农药渗滤液而威胁到地表

水），而农药的径流则会对地表水

造成威胁。大多数高尔夫球场都配

有水景，而且常常会有溪流、河流

或雨水渠接收高尔夫球场的径流。

初步研究表明，农药的径流量可能

很大。有研究人员报告称多达 10％

的施用农药进入了径流。7

勘察径流

考虑到这一背景，我们考察了一些

可以在高尔夫球场发生径流时减少

农药浓度的管理措施。我们首先修

建了一个进行径流研究的场地。该

场地是倾斜的，但需要根据我们的

需求作一些修缮。修缮由总部位于

圣路易斯的 Munie Outdoor Services

公司进行。该公司免费提供劳动力

和设备，建造出一个 5％ 均匀坡

度的地块，面积约为 150 英尺 X 

35 英尺。

他们还安装了雾灌系统，可以提

供两个强度的模拟降雨事件。雨滴

与雾头的产水量有很大不同，这对

于裸露的土壤来说非常重要。但我

们认为，当草坪覆盖到位时，水量

差异不太重要。这些地块于秋天建

成，可在冬天休整，而于次年春天

植下匍匐翦股颖。夏季的其余时

Research YCnt Can Use

Best Management Practices
to Reduce Pesticide Runoff
from Turf
A common-sense approach can greatly
reduce the risk of water contamination.
BY B. E. BRANHAM, F. Z. KANDIL, AND J. MUELLER

Golf turf management has made
huge strides over the past 40
years that have allowed golf

course superintendents to achieve
excellent turf quality. However, achiev-
ing these very high levels of turf quality
requires numerous inputs, including
fertilizers, irrigation, topdressing, culti-
vation, wetting agents, biostimulants,
and pesticides. While practices such as
topdressing, cultivation, and wetting
agents are considered environmentally
benign, fertilizers and pesticides have
received much scrutiny since some of
these products can move off the turf
and into ground and surface water.

Pesticide leaching from turf has been
studied intensively,1,5,6,9and while pesti-
cide leaching is a major problem in row
crops, leaching of pesticides from turf
presents much less risk than previously
suspected. Pesticide leaching in turf is a
much smaller problem than in row
crops for two primary reasons.

First, the acreage treated with pesti-
cides on all the golf courses in the
United States is a drop in the proverbial
bucket compared to row crop agricul-
ture. The National Golf Foundation
reported that at the end of 2002, there-
was the equivalent of 14,725 18-hole
gDlf facilities in the United States. If we
assume that each golf course contains,
on average, 3 acres of putting greens, 5
acres of tees, and 30 acres of fairways,
then the total number of golf course
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acres in the United States receiving
pesticide applications (roughs typically
receive little in the way of pesticide
applications, although weed.control
may be practiced) would total 559,550
acres. This is less total acreage than the
amount of corn and soybeans planted
in a typical county in central Illinois.
Nationally, in 2001, approximately
75.752 million acres of land were
planted to corn, while 74.105 million
acres were planted to soybeans. Most of
these receive some kind of pesticide
application. All the intensively managed
golf course acres in the United States
represent less than 0.4% of the total
acreage planted to the two largest crops
grown in the U.S.

A second reason why turf presents
less of a risk for pesticide leaching is the
turf itself. A previous USGA-funded
research project examined the effect
of turf on pesticide movement and
degradation.2

,3,4 We found that when
pesticides are applied to turf, leaching
is reduced and degradation rates are
increased when compared to the same
pesticides applied to bare soil (a
common practice in row crops).

These two differences have led many
to conclude that the risk of ground-
water contamination from turf grass
pesticides is low, but not non-existent.
Proper Inanagement is still key, and on
certain sites, particularly those with
sandy soils, shallow groundwater, and

proximity to water bodies, turf
managers need to pick the pesticides
they do use with care.

Pesticide runoff, however, is a com-
pletely different issue. What is runoff?
Runoff is a natural event that occurs
when a rain or irrigation event pro-
duces more water than the soil/turf can
accept. This is a fairly common occur-
rence, and depending upon soil types,
slopes, ete., it may occur often or rarely
on a particular site. Runoff per se is not
a bad thing, but when the runoff carries
pesticides, nutrients, or other pollutants,
problems may arise.

Whereas pesticide leaching is mostly
a threat to groundwater (although the
use of tile drains also can threaten sur-
face waters with pesticide leachate),
pesticide runoff is a threat to surface
water. Most golf courses have some
water features associated with them, and
often streams, rivers, or storm drains are
used to accept runoff from golf courses.
Some initial research has shown that
pesticide runoff can be significant, with
some researchers reporting as much as
10% of the applied pesticide transported
in runoff.7

INVESTIGATING RUNOFF
With this background in mind, we
examined some management practices
that might reduce the concentration of
pesticides when runoff does occur from
a golf course. We first constructed a site
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间，安装径流收集设备并对系统进

行测试，并于夏末进行了试运行。

2003 年夏天，我们配备了人员

和设备来进行实验。我们评估了三

种减少农药径流的可能性策略。第

一，在农药施用显著减少农药径流

后，是否可以在短时间内进行灌

溉？通过将农药从叶面上冲刷并深

入茅草和土壤，可减少径流中农药

浓度和总量吗？

第二个实验室考察了农药施用和

径流事件之间的时间长度。一些草

坪管理者和业主使用自然降雨来代

替灌溉。如果预计要下雨，则可以

施用农药或肥料，利用雨水灌溉作

物。当然如果雨水产生径流，农药

流失就可能相当高。在径流事件发

生之前应用少量灌溉，可以减少径

流的可能性，从而相应地减少农药

的径流吗？

第三个实验关于修剪管理。草坪

是一种独特的作物，因为每种农药

都直接施用在其叶子上。即使农药

主要被根系吸收，大量农药也会粘

附在叶片上。我不认为我们已经将

刈割物确定为农药污染源，但是农

药施用后，第一次刈割能有效地释

放了大部分施用的农药。如果下雨

时这些刈割物被移走，则大量的农

药也将随刈割物转走。

收集刈割物时会产生更棘手的问

题。如果刈割物是堆肥，则会导

致农药残留迅速退化，但必须注意

防止雨水将农药从刈割物中冲刷出

来。如果刈割物简单地分散于粗草

区，草坪管理者可能会在无意中造

成高浓度农药区域，而这些区域可

能易受浸出或径流影响。

实验步骤

在每个实验中，农药都是作为三

通池混合物进行施用。我们根据其

水溶性以及高效液相色谱（HPLC）
分析的简易性，对农药进行选择。

每个三通池混合物都含有我们分类

为具有高、中或低水溶性的农药。

当农药用于径流时，水溶性起着主

导作用。具有较高水溶性的农药更

容易被流动水移动。具有非常低水

溶性的农药，其移动时在水中的浓

度则会较低。最佳的管理方法可能

需要根据水溶性进行修改。换句话

说，减少高度水溶性农药流失最有

效的方法对于不溶于水的农药来说

可能不那么有效。

施用农药后，在适当时间启动喷

雾系统，以便每次试验均产生径

流。施用灌溉，直到所有地块产生

至少 40 升的径流。在每个实验中，

施用约 2 小时的灌溉。从每个 40 升

径流样品中，将 4 升子样品收集到

琥珀玻璃水罐中。用高效液相色谱

法对样品进行分析，以确定水样中

每种农药的含量。

第一个实验研究了应用后灌溉

在减少农药径流方面的效果。施

用三种农药——百菌清（Daconil 

Ultrex™）、多效唑（Trimmit™）和

精甲霜灵（Subdue Maxx™），并在

施用农药后 0.25、1、4、8 或 24 小

Runoff plots with a 5% slope were constructed at the University of Illinois to study the effects of
post-application irrigation and clipping management on runoff of pesticides of varying solubilities.

to conduct runoff research. This site
was sloped, but it did require some
modification to suit our needs. That
modification was provided by Munie
Outdoor Services, a St. Louis-based
company that donated time and equip-
ment to produce a plot area with a
uniform 5% slope that was approxi-
mately 150 ft. X 35 ft.

They also installed a mist irrigation
system that could provide two intensi-
ties of simulated rain events. Rain drops
have much different energy than the
output from a mist head, which is very
important on bare soil, but we believe
the energy difference is less important
when a turf cover is in place. Mter the
plots were constructed in the fall, they
were allowed to settle over the winter
and were sodded the next spring with
creeping bentgrass. The rest of the
summer was spent installing the runoff
collection equipment and testing the
system, and by the end of the SUffill1er
we conducted a test run.

In the summer of 2003, we had the
personnel and equipment in place to
conduct the experiments. We evaluated
three possible strategies to reduce pesti-
cide runoff. First, can irrigation applied
a short time after pesticide application

significantly reduce pesticide runoff?
By washing the pesticide off the leaf
surface and deeper into thatch and soil,
can the concentration and total quantity
of pesticide in runoff be reduced?

The second experin1ent examined
the length of time between pesticide
application and runoff event. Some turf
managers and n1any homeowners use
natural rainfall in place of irrigation. If
rain is forecast, an application of pesti-
cide or fertilizer may be applied and the
rain is used to water-in the product. Of
course it the rain produces runoff,
pesticide loss could be quite high. Can
runoff potential be reduced by applying
a small amount of irrigation prior to
the runoff event and thus reduce
pesticide runoff?

The third experiment centered on
clipping management. Turf is a unique
crop in that each pesticide application is
made directly onto the foliage. Even
when a pesticide is primarily root-
absorbed, a significant quantity of the
pesticide will adhere to leaf tissue. I
don't believe that we have considered
clippings to be a source of pesticide
contamination, but the first mowing
following a pesticide application effec-
tively frees up a significant portion of

the pesticide application. If a rain event
moves these clippings, a significant
amount of pesticide will be transported
with the clippings.

An even thornier issue results when
clippings are collected. If the clippings
are composted, rapid degradation of the
pesticide residues will result, but care
must be taken to prevent rainfall from
leaching pesticides from the clippings. If
the clippings are simply scattered in the
rough, turf managers may be uninten-
tionally producing areas with high con-
centrations of pesticides that may be
susceptible to leaching or runoff.

EXPERIMENTAL PROCEDURES
In each experiment, pesticides were
applied as a three-way tank mix. We
selected pesticides based upon their
water solubility and ease of analysis by
high-performance liquid chromatog-
raphy (HPLC). Each tank mix contained
a pesticide we classified as having high,
medium, or low water solubility. Water
solubility plays a donunant role in the
availability of the pesticide for runoff.
Pesticides with higher water solubilities
are more readily moved with flowing
water. Pesticides with very low water
solubilities will move in lower concen-
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在伊利诺伊大学建造了 5％ 坡度的径流地块，用于研究施用农药后灌溉和刈割物管理对不同溶解度农药径流的影响。
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时人工进行 0.2 英寸施用后灌溉。

在农药施用后 25 小时开始模拟产生

径流的雨水事件（即，应用最后

一次农药冲刷处理 1 小时后模拟

降雨）。

实验结果

第一个实验的结果令人失望。无

论如何检查数据，几乎都没有显著

差异。试验得出的最重要的一点是

施用农药后灌溉并不能有效减少径

流的农药量。仔细检查数据之后取

得了一个重要研究结果。在施用农

药后 15 分钟，施用后灌溉减少了径

流中百菌清含量。从农药化学的角

度来看，这可能是说得通的。百菌

清极不溶于水，普遍认为其水溶解

度为 0.6 PPM。8 水溶性低的产品通

常用作水乳剂，以将产品制成可喷

雾形式。一旦喷雾在叶面上变干，

乳化特性就会丧失，农药就会根据

其天然水溶解度而发挥作用。

水溶解度低于 1 PPM 的农药或任

何有机化学品会牢牢吸附于叶子表

面的植物蜡和其他非极性化合物。

一旦农药在叶面上变干，就会粘在

那里。施用农药后不久进行灌溉，

可以防止这种农药变干，从而使更

多农药可以更深入地渗透到草坪剖

面中。一旦水不溶性农药在叶面变

干，施用农药后灌溉将无法有效地

将农药从叶子上冲走。

如果使用杀菌剂百菌清，立即进

行施用后灌溉不是一个好的做法，

因为这一产品需要在叶面上才发挥

其杀真菌活性。但是，如果预期的

作用地点是土壤或茅草表面，例

如，出芽前除草剂，则这些产品应

在施用完成后立即进行施用后灌

溉。这不仅减少了可用于径流的农

药含量，还增加了渗入土壤或茅草

表面的农药量。

第二个实验研究了农药施用与径

流事件间隔的影响。没有人能够控

制下雨的时间，但了解农药施用和

径流之间间隔的重要性仍然是有

益的。该实验中，在径流事件之

前 12、24、48 或 72 小时施用农

药。施用的农药是二甲戊灵 

（PreM™），丙环唑（Banner 
Maxx™）和精甲霜灵（Subdue 
Maxx™）。

在这个实验中，结果非常明显。

无论水溶性如何，农药施用和径流

之间的时间越长，径流中检测到的

农药就越少。虽然是可以预期的，

但有趣的是，施用农药后 12 小时与

施用农药后 24、48 或 72 小时的径

流之间径流中农药含量差异总体而

言是很显著的。换句话说，如果在

施用农药后 1、2 或 3 天发生径流，

那么农药的流失量就没有很大的差

别。但如果径流事件发生在施药后 

12 小时之内，则径流中农药含量则

会大幅上升。例如，就质量而言，

径流发生在施用后 12 小时，我们

从径流水中回收了 8.9 毫克的二甲

戊灵，但在施用后 72、48 或 24 小

时，径流中分别仅含有 1.5、1.6 或 

1.2 毫克。本研究中其他两种农药的

结果相似。

这项试验的一个令人惊讶的结果

是，就质量而言，径流中的丙环唑

含量比精甲霜灵多。这一结果与我

们的假设相反，即农药的水溶解度

越大，就越容易受径流影响。一般

来说，精甲霜灵在径流中的初始浓

度高于丙环唑，但随着农药流失越

来越多，精甲霜灵的浓度降低，而

丙环唑的浓度则未明显降低。也许

由于精甲霜灵的水溶解度更大（参

见表 1），有精甲霜灵可能在开始

降雨时更容易渗入土壤和茅草中，

而水溶解度较小的丙环唑可能会保

Following pesticide application. irrigation was applied
until all plots produced at least 40 liters of runoff.

trations in water. Best management
practices may need to be modified
based upon water solubility. In other
words, what works best to reduce run-
off of a highly water-soluble pesticide
may not be as effective with a water-
insoluble pesticide.

Following pesticide application, the
mist irrigation system was turned on at
the appropriate time for each experi-
ment to produce runoff. Irrigation was
applied until all plots produced at least
40 liters of runoff. In each experiment,
approximately 2 hours of irrigation was
applied. From each 40-liter runoff
sample, a 4-liter subsample was collected
into amber glass jugs. The samples were
analyzed by HPLC to determine the
amount of each pesticide present in the
water samples.

The first experiment examined the
effectiveness of post-application irriga-
tion in reducing pesticide runoff. Three
pesticides - chlorothalonil (Daconil
Ultrex™), paclobutrazol (Trimmit™),
and mefanoxam (Subdue Maxx™) -
were applied and 0.2 inch of post-
application irrigation was hand applied
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at 0.25, 1,4,8, or 24 hours after pesti-
cide application. The simulated runoff-
producing rain event was initiated at 25
hours after pesticide application (i.e.,
simulated rainfall began 1 hour after the
last pesticide washoff treatment was
applied).

RESULTS
The results of the first experiment
were disappointing. No matter how
we examined the data, there were few
meaningful differences. The largest
point from the trial was that post-appli-
cation irrigation was not effective in
reducing the amount of pesticide avail-
able for runoff. Closer inspection of the
data Yielded one significant finding.
Chlorothalonil runoff was reduced by
post-application irrigation at 15 minutes
after pesticide application. This may
make sense from a pesticide chemistry
viewpoint. Chlorothalonil is very water
insoluble, with a commonly accepted
water solubility of 0.6 PPM.8 Products
with water solubilities this low are
usually applied as an emulsion in water
in order to get the product into a spray-

able form. Once the spray dries on the
leaf surface, the emulsifying characteris-
tics are lost and the pesticide behaves
according to its natural water solubility.

A pesticide, or any organic chemical,
with water solubility below 1 PPM will
be very strongly sorbed to the wax and
other non-polar compounds of the leaf
surface. Once these pesticides dry on
the leaf surface, they're literally stuck
there. By applying irrigation soon after
application, some of this drying will be
prevented and a larger mass of the
pesticide can be moved deeper into the
turf profile. Once a water-insoluble
pesticide has dried on the leaf surface,
post-application irrigation will not be
effective in moving the pesticide
off the leaf.

With the fungicide chlorothalonil,
post-application irrigation immediately
after application would not be a good
practice since the product needs to be
on the leaf surface to exert its fungi-
cidal activity. However, if the intended
site of action is the soil or thatch sur-
face, as, for example, preemergence
herbicides, these products should
receive post-application irrigation as
soon as the application is completed.
This not only reduces the amount of
pesticide available for runoff; it also
increases the amount of pesticide
reaching the soil or thatch surface.

The second experiment examined
the impact of the interval between
pesticide application and runoff event.
While no one can control when it
rains, it is still instructive to understand
the importance of the interval between
pesticide application and runoff. In this
experiment, pesticides were applied at
12,24, 48, or 72 hours prior to the
runoff event. The pesticides applied
were pendimethalin (PreM™), propi-
conazole (Banner Maxx™), and
mefanoxam (Subdue Maxx™).

In this experiment, the results were
dramatic. Regardless of water solubility,
the longer the time between pesticide
application and runoff, the less pesticide
was detected in runoff. And while this
would be expected, what was interest-

农药施用后进行灌溉，直到所有地块产生至少 40 升的径流。
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留在冠层上部，继续与流过草地

表面的水相隔离。

第三个实验评估了移除刈割物对

农药径流的影响。在夏季，对高尔

夫球场果岭、发球台和球道每两周

施用一次农药。农药施用的很大一

部分沉积在叶片组织上，并且大部

分施用药物将一直吸附（描述可被

吸附和吸收的物质的术语）在叶片

组织。我们将这项研究进行了简

化，只比较了两种处理方式：移除

刈割物与放回刈割物。在本实验

中，于 2003 年 7 月 15 日上午 9 时

施用农药。次日上午 9 时修剪了这

些地块，并通过灌溉模拟径流，一

小时后（上午 10 点）开始发生径流

事件。

如预期的那样，去除刈割物减少

径流农药含量（表 2）。就质量 

（即除去的农药总量）而言，考察

数据时，必须基于几个重要因素考

量数据。首先，减少农药径流含量

（以及其他形式的非现场转移）的

一个重要因素是使用需要较少量活

性成分的农药。就质量而言，百菌

清流失量比其他两种农药更多。 

然而，就施用百分比而言，百菌 

清流失量比其他两种农药少得多 

（表 2）。百菌清是一种较老的产

品，比许多较新的农药使用率更

高。因此百菌清以 11.  2l 磅 ai/A 的

比率施用，而较新的化学品通常以 

ll 磅 ai/A 或以下的比率施用。尽管

百菌清水溶解度极低，不太可能流

失（如百分比数据所示），但是在

径流中回收了更多的百菌清，因为

百菌清施用量比其他两种农药高 16 

至 44 倍。其次，农药量是径流中

的农药浓度和径流总量的乘积。在

试验中，我们尽可能使用统一的地

块，但地块之间的径流量仍有很大

的差异。这直接影响到径流量，可

使数据的解读难度增大。

修剪管理对农药径流量影响很

大。通过去除刈割物，农药径流减

少了 34％-57％。我们怀疑，修剪

处的农药径流量更大，可归因于径

流中的刈割物。我们在径流水中观

察到一些刈割物，并在分析之前通

过过滤除去了刈割物。在沉积物 

（刈割物和其他颗粒）中发现的农

药量只占从径流水中回收农药量的

一小部分。因此，去除刈割物的农

药径流量的减少，很可能是径流发

生时可用农药量减少的造成的直接

结果。然而，虽然径流中农药的减

少量很大，但是却引出了一个问

题：刈割物发生了什么。如果刈割

物简单地存放在高尔夫球场的其他

地方，则径流问题不一定会减少；

只会重新分配。

经验教训

这项研究的目的是制定最佳的管

理措施，以减少农药径流。最有效

的做法是去除刈割物，但刈割物本

身含有大量农药，必须负责任地进

行处理。球场草坪代表着所谓的非

点源污染问题；也就是说，潜在的

污染物分布在低浓度的大面积地

区。收集刈割物并将其放在一起堆

积起来，本质上会产生点源污染问

题。但是，创建刈割物堆肥应能使

堆肥中的农药相对快速地降解。如

果排水得到控制，这将是一个特别

好的选择。

无论您是否将移除刈割物作为减

少农药径流的部分最佳管理方案，

本研究都表明了一个结果：刈割物

可能是农药的重要来源。无论您是

放回还是收集刈割物，请注意，农

药施用后立即刈割的剪切物含有大

量农药。将这些刈割物放回草地将

富有价值，特别是在施用土壤活性

表 1
伊利诺伊大学径流研究中使用的农药

通用名称 商品名称 水溶解度（毫克/升）

精甲霜灵
丙环唑
多效唑
百菌清

二甲戊灵

Subdue Maxx
Banner Maxx

Trimmit
Daconil

Pendulum

26,000
110
35
0.6
0.3

表 2
径流期农药流失量——移除刈割物的影响

农药 施用
率（磅 ai/A）

刈割物处理 流失总量 
（毫克）

施用百分比

精甲霜灵 

多效唑 

百菌清

0.7 

0.25 

11.2

移除 
放回

移除 
放回

移除 
放回

  21.3 
  37.2

    8.3 
  12.7

  65.4 
153.7

0.98 
1.70

1.06 
1.62

0.19 
0.44
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农药（例如芽前一年生草除草剂）

和根吸收药剂（如植物生长调节剂

多效唑或调嘧醇）的情况下。

应避免在预期的雨水事件发生后

12 小时内使用农药。与农药施用 12 

小时内相比，农药施用后 24-72 小

时发生的径流事件含有的农药浓度

与径流量较低。

选择低活性成分施率的农药，能

显著减少农药径流含量。许多较新

的农药化学品，其施用量为 30-120 

克 ai/A（约 0.1-0.3 磅 ai/A）。减少

农药径流或浸出的最佳方法是不使

用农药。次优方法是选择对环境无

害的农药，最好的方法之一是降低

施用率。

最后，使用缓冲带是最好的管理

方法。缓冲带是不用农药处理的植

被带。在径流实验中，我们将农药

施用于径流收集装置的 2 英尺内。

在经处理的草坪和径流水进入河

流、排水系统或直接进入水域的其

他地点之间，任意增加未经处理草

坪或其他景观种植面积都会显著减

少农药径流量。出现这种情况有两

个原因。首先，草坪会去除一些从

其中流过的农药；也就是说，一些

农药会吸附于草坪草。其次，由于

含有农药的径流进入没有农药的缓

冲带，简单的稀释会降低最终进入

水体的农药浓度。

农药径流量是高尔夫球场管理者

必须意识到的重要问题，并且必须

了解潜在问题的根源。流经高尔夫

球场的水体需要保护。即使您的高

尔夫球场没有地面水景，也必须多

加小心。许多高尔夫球场管理人员

使用地表排水渠清除低洼或排水性

差地区中多余的水。通常这些排水

最终会导致地表水体。因此，如果

使用地表排水渠去除多余的水，则

可能很容易将球道所施用的农药带

离高尔夫球场。
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