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中耕（Cultivation）……该词起

源于拉丁词文化（cultus），

意思是耕种。很久以前，史前

人类从游牧狩猎采集者演变为农民时，土

地中耕或耕种就变得至关重要。事实上，

中耕的历史远比高尔夫球场的历史久远。

有多久远？圣经上早就出现过关于中耕的

参考（创世记 3:23）。

早期的草坪管理出版物关于中耕的参考资

料并不多见。鉴于中耕对根系的潜在破坏和

对比赛场地表面的影响，为数不多的早期参

考文献的作者们普遍对草皮中耕的益处持怀

疑态度。

随着时间的推移，对于像汤姆·马斯卡罗

那样精明的观察者而言，改造土壤结构对

于改善草坪生长条件的重要性变得显而易

见。1946 年，他发明了首台草坪草松土器

并获得专利，随后又于 1952 年发明了立式

切割器，这种工具可用于清除果岭上的杂

草。高尔夫球日益火爆，老旧的土壤基果

岭的使用也越来越多，这与对更激进的中

耕设备的需求不谋而合。自那时起，比赛

数量和机动球车的使用量便急剧增加。因

此，制定健全的中耕计划变得前所未有的

重要。

如今，需要对球场表面进行中耕的原因

主要有两个。球场表面要么受到土壤压实

的影响，要么受到过量有机质（OM）积

累的影响。一旦发生这两个主要问题中的

任何一个，就必然会引起接二连三的次生

问题。例如，严重的土壤压实可能导致杂

草侵害、根系生长放缓、土壤含氧量低、

排水不畅和潮湿地带。有机质过量可能导

致黑色层、蓬松、剥皮、局部干斑、足迹

和浅根等问题。

对于压实和过量有机质积累的症状，草

坪管理者通常会着手治理，但他们常常忽

略了主要的问题。例如，在多草的球场表

面提高草坪修剪高度以减轻剥皮问题，这

样可减少对草皮的压力，但无法解决过量

有机质积累的问题。

压实

由于土壤孔隙度下降，土壤压实会导致堆

积密度（质量/单位体积）增加。孔隙空

间对于输送氧气到根部、保持草坪水分和

帮助生根都是必不可少的。人流量、车流

量、施工流量和维护设备流量是造成高尔

夫球场压实的常见原因。

受欢迎的、经常使用的球场更是经常面

临压实的问题。当交通密集时，压实问题

更为严重（土壤潮湿时尤其如此）。发球

台、邻近沙坑的球道草坪、从入口和出口

到果岭的草坪通常会受到压实的影响。高

尔夫球场初始建设和与球场翻新相关的施

工也会导致局部压实。

中到大雨后，孔洞中

的积水可表明更激进

的中耕操作将有益

于果岭。深打孔或

深钻中耕能改善旧土

壤基果岭的内部排水

情况。

定制化中耕
您制定中耕计划的目的是什么？ 

最有效的长期利益是通过定制化中耕实现的。

作者：鲍勃·法瑞克

Customized Cultivation
What is the goal of your cultivation program?The most effective
long-term benefits are achieved from customized cultivation.

BY BOB VAVREK

Cultivation ... the word is derived from
the Latin word cultus, to till. Cultivating
or tilling the land became important

long ago when prehistoric people evolved from
nomadic hunter-gatherers to farmers. Indeed,
cultivation was around long before golf courses.
How long? References regarding cultivation can
be found very early in the Bible (Genesis 3:23).

There aren't many references made about
cultivation in early turf management publications.
Authors of the few early references were generally
skeptical about the benefits of cultivating estab-
lished turf due to the potential damage to root
systems and disruption of the playing surface.

Over time, the importance of modifying soil
structure to improve growing conditions for turf
became apparent to astute observers like Tom
Mascaro. He invented and patented the first
aerifier for turf grass in 1946 and the verticutter in
1952, tools to remove thatch from greens. The
need for more aggressive cultivation equipment
coincided with the increasing popularity of golf

and heavier play on old soil-based greens. Since
then, play and the use of motorized carts have
increased dramatically. Consequently, the impor-
tance of developing a sound cultivation program
is greater than ever.

Today's playing surfaces need to be cultivated
for two primary reasons. They are affected either
by compaction or excess organic matter (OM)
accumulation. When one of the primary prob-
lems occurs, many secondary problems are sure to
follow. For example, severe soil compaction can
lead to weed encroachment, decreased root
growth, low soil oxygen, poor drainage, and wet
spots. Excess OM can lead to black layer, puffi-
ness, scalping, localized dry spots, footprinting,
and shallow rooting.

Turf managers often treat the symptoms of
compaction and excessive OM accumulation and
tend to ignore the primary problem. For example,
raising the height of cut to alleviate scalping
across a thatchy playing surface reduces stress to
the turf but does not address the problem of
excess organic matter accumulation.

COMPACTION
Soil compaction causes an increase in bulk
density (mass/unit volume) due to a decrease in
soil porosity. Pore space is necessary to get oxygen
to the roots, hold water for the turf, and aid
rooting. Foot traffic, cart traffic, construction
traffic, and maintenance equipment traffic are the
common causes of compaction on golf courses.

There is never a shortage of compaction at
popular, heavily played courses. When traffic
becomes concentrated, compaction increases,
particularly when soil is wet. Tees, fairway turf
adjacent to bunkers, and turf along the entrance
and exits to greens are often affected by
compaction. Initial golf course construction and
construction associated with renovation will
cause localized compaction as well.

Standing water in the
hole after moderate
to heavy rainfall is an
indication that greens
would benefit from
more aggressive
cultivation. Deep-tine
or deep-drill cultivation
can improve internal
drainage through old
soil-based greens.
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过量有机质积累

过量有机质积累是新的沙基果岭发生衰败或

出现问题的常见原因。1当嫩枝、根系、匍

匐枝和植物的其他部位枯萎并进行季节更替

时，有机质不断地循环到果岭的上根系层。

土壤微生物能分解有机质，在最佳条件下，

有机质的分解速率可以与再生速率持平。但

是，这在高尔夫球场上鲜少发生，因为浇

水、营养元素的高投入、树荫、气候及其他

因素会促进组织再生或抑制微生物降解。

翦股颖和狗牙根这些新型的高度密集草种

特别容易受到过量有机质积累的影响，这是

因为其新梢密度高，而且还能在沙基根系层

土壤中长出深而密集的根系。在紧致的草皮

上铺沙是一大挑战，且清理修剪垃圾时会造

成大量沙子流失。未经稀释的有机质会迅速

堵塞孔隙空间，使新果岭的表面湿润而蓬

松。球场表面水分过多会造成凹痕球印和脚

印等可玩性问题。次生问题包括苔藓/藻类

侵害、剥皮、黑色层和浅根。

判断有机质过量并不难：可通过观察和触

摸。上层土壤出现分散、蓬松的深色表层，

且含水量过多，就是一个明显的特征，然而

很多草皮管理者却拒绝接受这一点。

量化土壤中的有机质含量则是另一回事。

不同的实验室通过不同的测试和独特的方法

来准备样品。不要将不同实验室的结果进行

对比。但是，测量和对比健康果岭和问题果

岭的有机质含量是有益的，在修订中耕和覆

沙计划时还能提供所需的基准值用来监测长

期进展。

做出正确的选择

中耕有助于缓解压实问题，控制有机质

积累。中耕的关键在于选择适当的中耕工

具……记住电影里的经典台词“不要带着刀

去参加枪战”。很多情况下，球场选择了破

坏性最低和效用最低的中耕技术，以期最大

限度地减少给高尔夫球员带来的不便，但这

种做法完全不能解决问题。以下概述能为您

提供指导，帮助您选择最恰当的中耕方法。

不同的草坪总监对注

水操作的喜好程度不

同。这种操作具有缓

解压实、改善土壤剖

面中的水分流动、给

场地表面带来的破坏

相对极少等优点，大

大弥补了地面速度慢

和效益短暂的限制。

Water injection tends
to fall in and out of
favor among super-
intendents. Limitations
of slow ground speed
and short-lived benefits
are more than offset by
its ability to relieve
compaction and enhance
water movement
through the soil profile
while causing relatively
little disruption to the
playing surface.

EXCESS OM ACCUMULATION
Excess OM accumulation is a common cause for
failure of or problems with new sand-based
greens.! OM is constantly recycled into the upper
rootzone of greens when shoots, roots, stolons,
and other plant parts die back and are replaced
throughout the season. Soil microbes decompose
OM and under optimal conditions the rate of
OM decomposition can keep pace with the rate
of production. However, this rarely occurs on
a golf course, where watering, high inputs of
nutrients, shade, climate, and other factors either
increase tissue production or inhibit microbial
degradation.

New ultra-dense varieties of bentgrass and
bermudagrass are especially susceptible to
excessive OM accumulation due to high shoot
density and their ability to grow a deep, dense
root system in a sand-based rootzone material.
Working topdressing into a tight canopy of turf
is a challenge, and much of the sand can be
removed with the clippings. Undiluted OM will
quickly clog pore space and make the surface of
the new greens wet and spongy. Excess moisture

at the surface creates playability issues, such as
pitted ball marks and footprinting. Secondary
concerns include moss/algae encroachment,
scalping, black layer, and shallow rooting.

Excess OM is not difficult to diagnose; you can
see it and feel it. A discrete dark, spongy layer in
the upper soil that holds excess water is hard to
miss, yet many turf managers are in denial.

Quantifying the amount of OM in the soil
profIle is another story. Different labs use different
tests and unique methods for preparing a sample.
Don't compare the results from one lab to
another. However, measuring and comparing the
OM content from healthy versus problem greens
can be helpful and provide the baseline values
needed to monitor the progress that occurs over
time when cultivation and topdressing programs
are modified.

MAKE THE RIGHT CHOICE
Cultivation can help relieve compaction and
manage OM accumulation. The key is to choose
the right cultivation tool for the job ... remem-
ber the classic line from the movies - "You don't
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请记住，严重的问题通常需要严肃的且通常

具有破坏性的补救措施。压实和有机质积累

通常会持续数年，因此补救性管理操作需要

一些时间才能使情况开始得到改善。

有机质管理方案

高度有效

标准的 1/2 英寸 - 5/8 英寸空心打孔中耕

优势

� 移除孔芯时可去除土壤剖面的有机质。

� 齿距 1.25 英寸的 5/8 英寸打孔器每次可影

响 ≈ 13% 的表面。

缺点

� 暂时性的表面破坏。

� 大量清理工作。

� 靠近中心地区的中耕，导致表面不稳定。

评论

� 铺沙和滚压可降低中耕后的不稳定性。

深松（Graden、Sisis 等）

优势

� 宽叶和密植距能影响 ≈ 11% 的球场表面。

� 去除大量有机质。

缺点

� 劳动密集型的清理。

� 表面不稳定。

� 在草皮恢复后的很长时间里，果岭上的线

条仍会分散高尔夫球员的注意力。

评论

� 对于过量有机质积累在表面附近的草皮果

岭和新沙基果岭，这是理想的中耕工具。

有效

硬质合金垂直修剪

优势

� 能去除上层土壤剖面的有机质，且对表面

的破坏程度最低。

� 是果岭铺沙前的一种优秀的预处理方法。

� 对于管理高度密集的翦股颖/狗牙根非常

有效。

缺点

� 会导致严重的草坪稀薄/受损。

1/4 英寸空心打孔（正方形）

优势

� 去除土壤剖面上层的有机质。

� 破坏程度最低、恢复迅速。

缺点

� 根据不同的空间大小，仅影响 2% - 3% 的
表面。单次处理的影响有限。

深打孔（空心打孔）/深钻

优势

� 渗透深度大于标准取芯操作。

� 去除的土壤剖面有机质最少。

缺点

� 使用大口径打孔后，恢复速度慢。

� 只能影响极少的表面。

评论

� 当主要问题是有机质过量时，不应采用此

方法取代标准空心打孔。

稍有效/无效

标准的垂直修剪

优势

� 果岭覆沙之前的有效预处理。 
缺点

� 渗透深度有限。

� 去除最少量的有机质。

bring a knife to a gunfight." Far too often the
least disruptive, and least effective, cultivation
technique is used to minimize golfer inconven-
ience, with little chance of addressing the prob-
lem. The following outline can help guide you
through the process of choosing the most
appropriate form of cultivation. Keep in mind
that serious problems generally require a serious
and often disruptive remedy. OM buildup and
compaction usually develop over a period of
years, so it takes time for corrective management
practices to begin to improve the condition.

OM MANAGEMENT OPTIONS

Highly Effective

Standard 12"- %" hollow-tine cultivation
Advantages
• Removes organic matter from soil profile when
cores are removed.
• One pass with %" tines on 1.25" centers affects
:::::13% of the surface.
Disadvantages
• Temporary surface disruption.
• Significant cleanup.
• Close center cultivation causes surface
instability.
Comment
• Topdressing and rolling can alleviate post-
cultivation instability.

• An excellent pre-treatment for greens before
topdressing.
• Useful for management of ultra-dense
bentgrass/bermudagrass.
Disadvantage
• Considerable turf thinninglinjury.

Vi" Hollow-Tine Cultivation (Quadratines)
Advantages
• Removes OM from the upper soil profile.
• Minimal disruption and rapid recovery.
Disadvantage
• Only affects 2% to 3% of the surface, depend-
ing on the spacing. Has limited impact with one
treatment.

Deep- Tine Cultivation (Hollow Tines)/
Deep Drill
Advantages
• Deeper penetration than standard coring
operations .
• Removes minimal OM from the soil profile .
Disadvantages
• Slow recovery following use of large-diameter
tines. '
• Affects minimal amount of surface .
Comment
• Should not be used as a substitute for standard
hollow-tine cultivation where excess OM is a
primary problem.

High-tech options for
cultivation are great, but
don't forget that plenty
of simple, inexpensive,
and effective cultivation
equipment can be found
on many courses.

Deep Scarification (Graden, Sisis, etc.)
Advantage
• Wide blades and close spacing can affect:::::11%
of the plaYing surface .
• Removes significant amounts of OM.
Disadvantages
• Labor-intensive cleanup .
• Surface instability .
• Lines in greens distract golfers long after initial
turf recovery.
Comment
• Ideal cultivation tool for sodded greens and
new sand-based greens where excess OM is
located near the surface.

Effective

Carbide- Tipped Vertical Mowing
Advantages
• Capable of removing OM in the upper soil
profile while causing minimal surface disruption.

SEPTEMBER-OCTOBER 2006 II

高科技的中耕方案固

然诱人，但别忘了，

很多高尔夫球场也采

用大量简单、廉价和

有效的中耕设备。
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刚性打孔/注水/喷气

优势

� 可形成穿透有机质层的临时通道，以改善

土壤剖面的空气/水分平衡。

� 限于无表面破坏的情况。

缺点

� 无法去除有机质。

� 效益短暂。

大钉

优势

� 可改善受过量有机质积累所影响的上层土

壤剖面的空气/水分平衡。

缺点

� 无法去除有机质。

� 效益短暂。

压实管理方案

高度有效

标准的空心打孔中耕

优势

� 当侧壁倒塌时，留下的小孔会降低体积

密度。

缺点

� 渗透深度相对更小。

� 表面破坏。

� 劳动密集型的清理。

� 可能形成硬土层。

深打孔/深钻

优势

� 影响的土壤深度大于标准空心打孔。

Deep-tine aeration is
commonly employed
across greens, but this
operation is just as
effective across tees,
fairways, and roughs.

Marginally Effective/lneffective

StandardVertical Mowing
Advantage
• Effective pre-treatment to topdressing greens.
Disadvantages
• Limited depth of penetration .
• Removes minimal amounts of OM.

Solid Tine/Water Injection/Air Injection
Advantage
• Can create temporary channels through an
OM layer to improve balance of air/moisture in
the soil profile .
• Limited to no surface disruption.
Disadvantages
• Does not remove OM .
• Transient benefits.

Spiking
Advantage
• Can improve balance of air!moisture in upper
soil profile affected by excessive OM
accumulation .
Disadvantages
• Does not remove OM .
• Transient benefits .

COMPACTION
MANAGEMENT OPTIONS

Highly Effective

Standard Hollow-Tine Cultivation
Advantage
• Leaving holes open will reduce bulk density
when side walls collapse.
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深打孔通气广泛应用

于果岭，这种操作在

发球台、球道和长草

区也同样有效。
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� 可调节的渗透深度可缓解/避免硬

土层的形成。

� 深打孔的反冲能粉碎土壤。

缺点

� 对石质土的渗透能力有限。

� 操作速度慢。

松土器（Blec 推土机、 

垂直切根机等）

优势

� 渗透深度达 8 英寸。

� 能粉碎狭缝之间的压实土壤。

� 表面破坏程度最低。 
缺点

� 可用性有限。

� 在石质土中的有效性受限。评论

� 在球道重整/翻修工作之后，缓解

压实的潜能良好。

有效

喷气打孔（Sisis 通风辅助系统）

优势

� 渗透深度达 5 英寸。

� 通过打孔注入空气。

缺点

� 设备可用性有限。

� 在石质土中的有效性受限。

评论

� 源自欧洲的中耕新选择。

注水/喷气

优势

� 深渗透。

� 不受石质土的影响。

缺点

� 设备/合同服务成本。

� 地面速度慢。

� 效益短暂。

稍有效/无效

实心打孔

优势

� 在理想土壤水分条件下，能粉碎土壤。

� 速度快，且表面破坏程度最低。

� 无需清理工作。

缺点

� 可能形成硬土层。

大钉

优势

� 速度快，且表面破坏程度最低。

� 设备成本低。

缺点

� 最小的渗透深度。

参考文献
1. Carrow, R. N. 2003. Surface organic matter in bentgrass 
greens. [Online] USGA Tuifirass Environ. Res. Online. 
2(17): p.[1-12].

鲍勃·法瑞克帮助密歇根州、明尼苏达州

和威斯康星州各球场的草坪总监定制养护

操作。

Disadvantages
• Relatively shallow depth of
penetration .
• Surface disruption .
• Labor-intensive cleanup .
• Potential for hardpan development.

Deep Tine/Deep Drill
Advantages
• Affects soil beyond depth of standard
hollow-tine cultivation .
• Adjustable depth of penetration
relieves/prevents hardpan development .
• Kicking action of deep tine fractures
soil.
Disadvantage
• Limited ability for penetration into
rocky soils .
• Slow operation.

De-compactors (Blec Ground
Breaker,Verti-Quake, etc.)
Advantages
• 8" depth of penetration .
• Capable of fracturing compacted soils
between slits.
• Minimal disruption.
Disadvantages
• Limited availability.
• Limited effectiveness in rocky soils.
Comment
• Good potential for relieving compaction
following fairway regrading/renovation work.

Effective

Air Injection Tines (SisisAer-Aid System)
Advantages
• 5" depth of penetration .
• Injects air through tines.
Disadvantages
• Availability of equipment .
• Limited effectiveness in rocky soils .
Comment
• New cultivation option from Europe .

Water Injection/ Air Injection
Advantages
• Deep penetration.
• Unaffected by rocky soils.
Disadvantages
• Cost of equipment/contract services.
• Slow ground speed.
• Short-lived benefit.

Marginally Effective/lneffective

Solid-Tine Cultivation
Advantages
• Can shatter soil under ideal soil moisture
conditions .
• Speed, minimal disruption.
• No cleanup.
Disadvantage
• Potential for hardpan development .

Spikers
Advantages
• Speed and minimal disruption .
• Low-cost equipment.
Disadvantage
• Minimal depth of penetration.

REFERENCES
1. Carrow, R. N. 2003. Surface organic matter in bentgrass
greens. [Online] USGA Tuifirass Environ. Res. Online .
2(17):p.[1-12].

BOB VAVREK helps superintendents customize their
maintenance operations at coursesacrossMichigan,
Minnesota, and Wisconsin .

The most effective way
to remove excess
organic matter from the
upper soil profile has
not changed much over
the years. Cultivate with
hollow tines, remove
the cores, and fill the
open holes with sand.
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多年来，去除上层土

壤剖面过量有机质的

最有效方法，未曾发

生太多改变。空心打

孔进行中耕、移除孔

芯、用沙子填充开放

的孔洞。


